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SUMMARY
Background. Platelet-rich plasma (PRP) has been used as treatment of ligament 
desmopathy. However, there is scarce in vitro information about the mechanism of 
action of leukocyte rich and leukocyte poor PRP related products. The aim of this 
study was to compare the anti-inflammatory, anabolic and anti-catabolic effects of a 
leukocyte-concentrate platelet-rich gel supernatant (Lc-PRGS) and a leukocyte-re-
duced PRGS (Lr-PRGS) of ligament explants (LEs) challenged with lipopolysaccha-
ride (LPS). 
Methods. LEs from 6 horses were cultured for 72 h with Lc-PRGS and Lr-PRGS at 
concentrations of 25 and 50%, respectively. Hyaluronic acid (HA) was measured by 
ELISA on culture media of experimental groups at 1 h and 72 h. At 72 h, LEs were 
used either for quantitative gene expression of nuclear factor kappa B (NFkB), type 
1 collagen (COL1A1), cartilage oligomeric matrix protein (COMP), decorin (DCN), 
transforming growth factor beta 1 (TGF-β1), matrix metalloproteinase 3 (MMP3) and 
matrix metalloproteinase 13 (MMP13) or for histology analysis.
Results. All PRGS produced NFkB down-regulation. 25% Lr-PRGS produced 
up-regulation of COL1A1, DCN and TGF-β1. 25% Lc-PRGS induced MMP3 and 
MMP13 down-regulation in comparison to the rest of hemoderivatives.  The general 
histology score was apparently better in LEs cultured with 25% Lr-PRGS.
Conclusions. These findings suggest that 25% Lr-PRGS is more suitable for SL 
desmopathy and that possibly the up-regulation of extracellular matrix (ECM) liga-
ment anabolic genes is more important to induce SL healing than the down-regulation 
of ECM ligament catabolic genes. In order to determine the clinical relevance of the 
results found in this study, is necessary to test the effects of Lc-PRP and Lr-PRP in 
animal or human models. The use of Lc-PRP and Lr-PRP in desmopathy cases will be 
an easy-safe-low cost option for treatment.
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BACKGROUND 
The suspensory ligament (SL) (m. interosseus medius) is a 
collagen-rich tissue band containing variable amounts of 
muscle, which is the main component of the suspensory 
apparatus of the horse (1).
Anatomically, the equine hind limb SL can be compared 
with the human plantar fascia but biomechanically they 
differ because the equine SL prevents the fetlock hyperex-
tension (2) and the human plantar fascia maintains the arch 
of the foot (3). However, both structures may be affected 
by comparable molecular mechanisms that lead to ligament 
inflammation and reduced functionality of the affected limb 
(4). This is why, studies performed in the horse with this 
type of musculoskeletal disorders can help the understand-
ing of similar diseases in humans (5). 
There are several medical and surgical treatments for the 
clinical management of horses with desmopathy, which 
produced variable results (1, 6). However, currently some 
desmopathy cases have been treated with diverse “regen-
erative” therapies that include the use of gene therapy (7), 
adult stem cells (8), bone marrow and several PRP relat-
ed products (9, 10). To note, PRP treatment presents some 
technical and economical advantages in comparison with 
the other aforementioned regenerative therapies, which 
makes it more frequently used by equine practitioners (11).
PRPs can be classified according the concentration of leuko-
cytes (WBCs) in leukocyte-concentrated PRP (Lc-PRP) or 
leukocyte-reduced PRP (Lr-PRP). Lc-PRP presents detect-
able numbers of leukocytes (WBC) in relation to basal cell 
counts in whole blood, whereas Lr-PRP exhibits negligi-
ble WBC counts with respect to basal cell counts in whole 
blood (12). Once PRP preparations are mixed with calci-
um salts or thrombin, they polymerize in a platelet-rich gel 
(PRG) (12) and release a supernatant (PRGS) rich in growth 
factors (GFs) and cytokines, and other proteins that regu-
late wound healing and inflammation (13). 
There are in vitro studies that suggest that Lr-PRPs could be 
more suitable for the clinical management of tendinitis than 
Lc-PRPs because of lower platelet and WBC concentra-
tions that may induce less tissue catabolism/inflammation 
and more tissue anabolism (14). However, to the authors’ 
knowledge, this hypothesis has not been proved to be true 
in equine ligament explants (LEs).
Some in vitro studies evaluated several mechanisms relat-
ed with the anabolic and anti-inflammatory effect of PRP 
on SL, in either fibroblasts (15) or explants (16). In gener-
al, in SL fibroblasts, PRP stimulated the release of COMP 
and increased the capacity of protein synthesis of these cells 

(15). On the other hand, PRP induced COL1A1, DCN and 
COMP gene up-regulation without inducing MMP-13 gene 

expression, in suspensory LEs (16). However, is necessary 
to obtain further information that includes the evaluation of 
Lc-PRP and Lr-PRP at several concentrations in an in vitro 
system of ligament inflammation, because there is limited 
in vitro data about the response of SL under experimental 
inflammatory conditions.
In line with this, we propose a study in which equine LEs 
were challenged with lipopolysaccharide (LPS) and cultured 
with Lc-PRGS and Lr-PRGS at 25% and 50% over 72 h. 
We measured and compared the release of HA, the quanti-
tative expression of some pro-inflammatory NFkB, extracel-
lular matrix (ECM) anabolic (COL1A1, COMP, DCN and 
TGF-β1) and catabolic (MMP3 and MMP13) genes, which 
are potentially implicated in desmopathy. Furthermore, 
we evaluated by conventional histology whether PRGS 
could produce some structural protective effect in LPS-af-
fected LEs.

MATERIALS AND METHODS
This study was approved by the institutional committee of 
animal experimentation. An informed consent authoriza-
tion was signed by the owner of the horses.

Samples
Samples from the body of the SL from the hind limbs of 
6 horses, 4 to 7 years of age, were included in this study. 
The samples were taken from animals apparently free from 
musculoskeletal disease and euthanized by a pentobarbi-
tal intravenous overdose for other medical reasons. All the 
hind limbs of the horses were radiographed and ultrasono-
graphically evaluated for excluding animals with desmopa-
thy associated changes.

Horses and blood collection and processing
Six clinically healthy horses (3 gelding and 3 mares), between 
6-9 years of age were used as blood donors. All the horses 
were stabled, fed and managed in a similar manner. These 
animals were selected after an extensive physical examina-
tion together with a complete blood cell count and a general 
clinical chemistry panel. Only clinically healthy horses with 
platelet counts higher than 100 x 103/mL were used. 

Lc-PRP/Lc-PRGS and Lr-PRP/Lr-PRGS preparation
Whole blood from each horse was obtained by jugular 
puncture using a 21G butterfly catheter. Both PRPs were 
obtained through a manual double centrifugation tube 
method that was previously validated and used clinical-
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ly in horses with SL desmopathy (17). Blood was stored 
in eight, 4.5 mL tubes with sodium citrate solution (BD 
Vacutainer, Becton Drive, Franklin Lakes, NJ, USA). After 
centrifugation at 120 g for five minutes, the first 50% of 
the top supernatant plasma fraction, adjacent to the buffy 
coat, was collected. This fraction was centrifuged at 240 g 
for five minutes, and then the bottom fourth of the fraction 
was collected. This fraction was considered as Lc-PRP. The 
upper plasma fraction was considered as Lr-PRP (figure 
1). Whole blood and both PRP products were analyzed for 
platelet and leukocyte counts (Celltac-α MEK 6450, Nihon 
Kodhen, Japan).

Both PRPs were activated with calcium gluconate (Ropsohn 
Therapeutics Ltda®, Bogotá, Colombia) (ratio 1:10) and 
incubated at 37 ºC for 1 h until clot retraction occurred. 
Aliquots of both PRGS obtained were frozen at - 80 ˚C for 
later quantification of platelet-derived growth factor BB 
(PDGF-BB) and TGF-β1.

Ligament explant culture
SL samples were obtained aseptically and sectioned with a 
scalpel blade in rectangular (5 x 3 x 3 mm) explants with 70 
± 4 mg of weight. A total of 36 LEs were obtained from each 

Figure 1. Schematic representation of the study’s design and methodology. Lc-PRP, leukocyte-concentrated platelet-rich plas-
ma; Lr-PRP, leukocyte-reduced platelet-rich plasma; PRG, platelet-rich gel; Lc-PRGS, leukocyte-concentrated platelet-rich gel 
supernatant; Lr-PRGS, leukocyte-reduced platelet-rich gel supernatant; PDGF-BB, platelet-derived growth factor BB; HA, hyal-
uronic acid, TGF-ß1, transforming growth factor beta 1; COMP, cartilage oligomeric matrix protein;  COL1A1, type 1 collagen; 
DCN, decorin;  MMP-3 & -13, matrix metalloproteinase 3 and -13; NFKB, nuclear factor kappa B; CM, culture medium.
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horse. All the explants were washed in phosphate-buffered 
saline and stabilized in Dulbecco’s Modified Eagle Medium 
(DMEM) (high glucose, 4500 mg/L) with L-glutamine and 
sodium bicarbonate and free of sodium pyruvate (DMEM, 
Lonza Group Ltd, Basel, Switzerland) and supplemented 
with streptomycin (100 μg/mL) and penicillin (100 μg/mL) 
without the addition of serum. Cultures were incubated in a 
5% CO2 and water saturated atmosphere for 24 h and then 
replaced with fresh culture media. At this time point, a part 
of the tissue samples was challenged with 100 ng/mL of LPS 
(Sigma-Aldrich, St Louis, MO, USA) to induce an inflam-
matory/catabolic damage of LE.

Study design
Six experimental groups (with 6 explants each one), were 
included. Tissue cultures were performed in 6 well plates 
(Corning, Costar, TC-Treated Multiple Well Plates, Merck 
KGaA, Darmstadt, Germany) with a total volume of 2.5 mL 
per well considering the final concentration of the PRGS 
assayed in the culture media. The study included the eval-
uation of 2 LE control groups (1 with addition of LPS 
and 1 without LPS) without addition of PRGS and 4 LE 
groups cultured with Lc-PRGS and Lr-PRGS at 2 concen-
trations, 25% and 50%. All SLE groups were cultured at 72 
h. Samples of culture media (0.3 mL) were obtained at 1 h 
and 72 h, aliquoted and frozen at - 80 ºC for later determi-
nation of HA.
Furthermore, LEs were deposited in buffered formalde-
hyde for histological analysis or in an RNA conserving solu-
tion (RNAlater, Life Technologies, Carlsbad, CA, USA) for 
quantitative gene expression of NFkB, DCN, COL1A1, 
COMP, TGF-β1, MMP3, MMP13, and GAPDH (glycer-
aldehyde 3-phosphate dehydrogenase), the primers were 
designed and validated by us, with the support in the 
Colombian Centre for Bioinformatics and Computational 
Biology (BIOS Manizalez-Minciencias). Figure 1 summariz-
es the study, design and methodology. 

Growth factors and HA measurement
PDGF-BB and TGF-β1 concentrations were measured in 
Lc-PRGS and Lr-PRGS, whereas HA concentrations were 
measured in culture media of SLE groups obtained at 1 
h and 72 h. These molecules were determined via ELISA 
in duplicate. All proteins were assayed using commercial 
ELISA development kits from R&D Systems (Minneapolis, 
MN, USA). PDGF-BB (Human PDGF-BB DuoSet, DY220) 
and TGF-β1 (Human TGF-β1 DuoSet, DY240E) concen-
trations were determined using human antibodies because 
there is a high sequence homology between these proteins in 

humans and horses. Furthermore, similar ELISA antibodies 
have been used for the same purposes in other equine PRP 
studies. HA (Hyaluronan, DuoSet, DY3614) was deter-
mined using a multispecies detection ELISA kit. Standards 
provided for each ELISA kit were used to construct each 
standard curve according the manufacturers’ instructions. 
Absorbance readings were performed at 450 nm.

Histology evaluation
The LEs samples were dehydrated in serial alcohol concen-
trations, fixed in wax blocks, cut at 3 µm of thickness and 
stained with either haematoxylin and eosine (H & E) or alcian 
blue stains. The first stain was used to evaluate the round-
ness of the nuclei of the ligament fibroblasts, cell density, 
vascularization, and the pattern of the collagen fibers. The 
alcian blue stain was used to determine the deposition of 
ground substance in the ligaments. All of the preparations 
were analyzed using a light microscope (Zeiss®, Axio Imag-
er, Upright Microscope) in a 40x magnification by a modi-
fied Bonar´s semi-quantitative score (table I).
Five histological evaluated parameters were used: 1 round-
ness of the nuclei of the ligament fibroblasts, 2 cell densi-
ty, 3 ground substance, 4 collagen fibers arrangement, and 
5 vascularity. These variables were quantified using a 0–3 
scale, with 0 being normal and 3 being abnormal (table I). 
Thus, a totally normal ligament would score 0 and a maxi-
mally abnormal ligament would score 15. Three sections 
randomly selected from each sample were blindly evaluated 
and the average score was used for comparison.

Relative Gene expression measurement
SLEs were pulverized in liquid nitrogen and mixed with 
TRIzol reagent (Life Technologies, Carlsbad, CA, USA) 
for 5 min. The samples were centrifuged for 10 minutes 
at 10.000 g, and the supernatant was mixed with 20% 
chloroform (volume/volume) and then centrifuged for 15 
minutes at 12.000 g. The aqueous phase of the samples 
was removed and transferred to special columns (PureLink 
RNA Mini Kit, Life Technologies, Carlsbad, CA) for RNA 
extraction according to the manufacturer’s instructions. 
RNA concentrations were measured using a spectropho-
tometer (Nanodrop 2000, Thermo Scientific, Wilmington, 
DE, USA). Samples were diluted to a concentration of 5 
ng/mL of RNA.
The samples were assayed in duplicate for quantitative gene 
expression levels in a quantitative RT-PCR device (StepO-
nePlus Real-Time PCR System, Life Technologies, Carls-
bad, CA, USA) using a SuperScript III platinum SYBR 
Green One-Step qRT-PCR kit (Life Technologies, Carlsbad, 
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Table I. Bonar’s modified semi-quantitative score for suspensory ligament lesion determination. 

Structure
Grade

0 1 2 3

Ligament fibroblasts

Inconspicuous 
elongated spindle 
shaped nuclei with no 
obvious cytoplasm at 
light microscopy.

Increased roundness: the 
ovoid nucleus becomes 
more round with clear 
cytoplasm.

Increased roundness 
and size; the nucleus is 
round, slightly enlarged 
and a small amount of 
cytoplasm is visible.

Nucleus is round, large 
with abundant cytoplasm 
and lacuna formation 
(chondroid change).

Cell density Normal pattern. Slightly increase. Moderately increase. Severely increase.

Ground substance 
(Alcian blue stain)

No stainable ground 
substance.

Stainable mucin between 
fibers but bundles 
still discrete.

Stainable mucin between 
fibers with loss of clear 
demarcation or bundles.

Abundant mucin 
through-out with 
inconspicuous 
collagen staining.

Collagen (with and 
without polarized light)

Collagen arranged in 
tightly cohesive well 
demarcated bundles 
with a smooth dense 
bright homogeneous 
polarization pattern 
with normal crimping.

Diminished fiber 
polarization; separation 
of individual fibers 
with maintenance of 
demarcated bundles.

Bundle changes; 
separation of fibers with 
loss of demarcation 
of bundles giving 
rise to expansion of 
the tissue overall and 
clear loss of normal 
polarization pattern.

Marked separation of 
fibers with complete loss 
of architecture.

Vascularity
Inconspicuous blood 
vessels coursing 
between bundles.

Occasional cluster of 
capillaries, less than 1 per 
10 high power fields.

1-2 clusters of capillaries 
per 10 high power fields.

Greater than 2 clusters 
per 10 high power fields.

Table II. Genes and sequence of primers evaluated in the study.

Targeted genes Primer sequences (5’ --> 3’) Product 
size (bps)

GAPDH, glyceraldehyde-3-phosphate dehydrogenase
Forward TCCCGCCAACATCAAATGGGG 
Reverse TTCAAGTGAGCCCCAGCCTTCTC

105

NFKB, nuclear factor of kappa light polypeptide gene 
enhancer in B-cells-like

Forward AAGCTGGCTGGTGGGGACTTG
Reverse TCCTTCGCCTCTGCTGTGCTG

128

COL1A1, collagen, type I, alpha 1 Forward ACGCTGCCCTTTCTGCTCCTTTC 
Reverse TTTGGTTGCTGGGCAGACAATGC

118

COMP, cartilage oligomeric matrix protein  Forward GGCGTGGGGATGGCCTTTG Reverse 
ACGGAGTTGGGGACGCAGTTATG

95

TGF-β1, transforming growth factor beta 1
Forward CGTGGGCATCAACGTAGGGTTC 
Reverse GCCATGAGGAGCAGGAAGGG

90

MMP 13, matrix metallopeptidase 13
Forward AGCGAACTCCGTGGTTGACAGG
Reverse ACCCACATCAGGGACCCCAC

127

MMP 3, matrix metallopeptidase 3 
Forward CGGGTCCGCCTTTCTCAAGATG
Reverse GGCTCCACGGGGCTATCAGG

86

CA, USA). Primers for NFkB, COL1A1, COMP, DCN, 
TGF-β1, MMP3, MMP13, and GAPDH were designed 
and validated by us, using PrimerBlast and duplicated whit 
primer3 (table II). The relative change in gene expression 

was determined via the comparative 2-ΔΔCT
 method. GAPDH 

was used as the internal control (housekeeping gene), and 
LEs samples from all horses that were not incubated with 
any treatment were used as reference samples.
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STATISTICAL ANALYSIS
The Shapiro–Wilk test was used to assess the fit of the 
data set to a normal distribution (goodness of fit). All the 
parameters evaluated, except LE histology, demonstrated a 
normal distribution (p > 0.05). Platelet and WBC counts 
in whole blood and both PRP preparations were compared 
with a one-way analysis of variance (ANOVA), followed by 
a post hoc Tukey test. PDGF-BB and TGF-β1 concentra-
tions from both PRG supernatants were compared using a 
t-non-paired test.
A generalized lineal model (GLM), followed (when neces-
sary) by a Tukey test, was used for comparing HA concentra-
tions in culture media (at 1 h and 72 h) and gene expression 
at 72 h. Semi-quantitative histology analysis was evaluat-
ed by a Kruskal-Wallis test, followed (when necessary) by 
a Dunn test. A p-value < 0.05 was accepted as statistically 
significant for all tests. A p < 0.05 was accepted as statistical-
ly significant for all tests.

RESULTS

Cell concentration in whole blood, Lc-PRP, 
and Lr-PRP
Platelet counts were significantly (p < 0.05) different 
between whole blood and both PRPs. Lc-PRP presented 

the highest platelet concentration followed by whole blood 
and Lr-PRP (figure 2 A). Leukocyte counts were significant-
ly (p < 0.01) different between the hemoderivatives evalu-
ated, with whole blood having the highest concentration, 
followed by Lc-PRP and Lr-PRP (figure 2 B).

Concentration of growth factors PRGS
PDGF-BB and TGF-β1 concentrations were significantly 
(p < 0.01) higher in Lc-PRGS when compared to Lr-PRGS 
(figure 3 A, 3 B).

Concentration of HA in culture media of LEs at 1 
h and 72 h
At 1 h, HA concentrations were significantly (p < 0.01) 
higher in SLE groups cultured with both PRGS at 50% 
when compared with the same hemoderivatives at 25%. To 
note, HA was not detected at this time in SLEs from both 
control groups (figure 4). At 72 h, HA was significantly (p 
< 0.01) higher in culture medium of all LE groups when 
compared to the same experimental group at 1 h. On the 
other hand, at 72 h LEs of the control group without LPS 
showed a significant lower HA release in comparison to the 
LE control LPS-challenged group and those LEs cultured 
with 50% Lr-PRGS. To highlight, LEs cultured with 25% 

Figure 2. A) Mean (standard deviation (s.d)) platelet counts (X103/µL) in whole blood, Lc-PRP and Lr-PRP. B) Mean (s.d) leuko-
cyte counts (µL) in whole blood, Lc-PRP and Lr-PRP. a–c  = Different lower case letters denote significant differences (p < 0.05) 
between hemoderivatives by the Tukey test. Acronyms meaning as in figure 1 legend.
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Figure 3. A) Mean (s.d) PDGF-BB concentration (pg/mL) in Lc-PRGS and Lr-PRGS. B) Mean (s.d) TGF-ß1 concentration (pg/
mL) in Lc-PRGS and Lr-PRGS. a–b = different lowercase letters denote significant differences (p < 0.05) by the t-test. Acronyms 
meaning as in figure 1 legend.

Figure 4. Mean (s.d) HA concentrations (pg/mL) in culture 
media of suspensory ligament explant (SLE) experimental 
groups at 1 h and 72 h. a–c  = different lowercase letters denote 
significant (p < 0.01) differences in SLE experimental groups 
by the Tukey test. Acronyms meaning as in figure 1 legend.

Lr-PRGS significantly (p < 0.01) released lesser HA when 
compared to both control groups and those SLEs cultured 
with 25% Lc-PRGS and 50% Lr-PRGS (figure 4). 

Relative gene expression
NFkB was significantly (p < 0.05) up-regulated in LEs of the 
control group when compared to the LE groups cultured 
with both PRGS at two concentrations. There were no 
significant differences for the expression of this gene 
between both control groups; however, LEs of the control 
group showed a lower NFkB relative expression in compar-
ison to LEs of the control group plus LPS (figure 5 A).
COL1A1 was significantly (p < 0.05) up-regulated in LEs of 
the control group and those cultured with 25% Lr-PRGS 
in comparison to the rest of the LE groups (figure 5 B). 
On the other side, COMP was significantly up-regulated in 
LEs from the control group when compared with the rest 
of LE groups. LEs cultured with 50% Lc-PRGS exhibited 
a significant COMP up-regulation when compared to LEs 
of the control group plus LPS and those cultured with 25% 
Lc-PRGS and Lr-PRGS at two concentrations (figure 6 A). 
DCN was significantly (p < 0.05) up-regulated in LEs of 
the control group and those cultured with 25% Lr-PRGS 
when compared to LEs of the control group plus LPS and 
those cultured with 50% Lc-PRGS. The expression for this 
gene was not different between LEs cultured with 25% 
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Figure 5. A) Mean (s.d) NFKB relative gene expression (fold change) in SLE experimental groups at 72 h. B) Mean (s.d) COL1A1 
relative gene expression (fold change) in SLE experimental groups at 72 h. a–c = different lowercase letters denote significant (p 
< 0.01) differences in SLE experimental groups by the Tukey test. Acronyms meaning as in figure 1 legend.

Figure 6. A) Mean (s.d) COMP relative gene expression (fold change) in SLE experimental groups at 72 h. B) Mean (s.d) DCN 
relative gene expression (fold change) in SLE experimental groups at 72 h. C) Mean (s.d) TGF-ß1 relative gene expression (fold 
change) in SLE experimental groups at 72 h. a–c  = different lowercase letters denote significant (p < 0.01) differences in SLE 
experimental groups by the Tukey test. Acronyms meaning as in figure 1 legend.
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Lc-PRGS, 25% Lr-PRGS and 50% Lr-PRGS (figure 6 B). 
TGF-β1 relative expression was not different between LEs 
of the control group and those cultured with Lr-PRGS at 
both concentrations. However, the expression for this gene 
in these three experimental groups was significantly (p < 
0.05) higher when compared to LEs of the control group 
plus LPS and those cultured with Lc-PRGS at two concen-
trations (figure 6 C).
MMP3 was significantly (p < 0.01) up-regulated in LEs 
cultured with 50% Lc-PRGS and Lr-PRGS at two concen-
trations when compared to LEs cultured 25% Lc-PRGS 
and LEs of both control groups (figure 7 A). Moreover, 
25% Lr-PRGS induced a significantly (p < 0.01) high-
est MMP13 relative expression in LEs when compared to 
the rest of LE groups. The relative expression of this gene 
was not different between LEs cultured with both PRGS at 
50%. However, these last two LE groups exhibited a signifi-
cantly (figure 7 A) MMP13 up-regulation in comparison to 
LEs of both control groups and those cultured with 25% 
Lc-PRGS (figure 7 B).

Histology evaluation
PRGS at two concentrations did not affect the score for 
ligament fibroblasts cell density, and vascularity (table III). 
However, LEs of the control group exhibited significantly 
(p < 0.05) better (lesser) score for ground substance deposi-
tion and collagen pattern orientation. Nevertheless, the total 
histology score evaluation was similar for LEs of the control 
group and those cultured with both PRGS at two concentra-
tions. In contrast, LEs of the control group plus LPS showed 
a significantly (p < 0.05) worst total histology score in compar-
ison with the rest of LE groups (figure 8 and table III).

DISCUSSION
All PRGS at two concentrations evaluated in this study 
produced NFkB down-regulation, which could indicate 
that they are anti-inflammatory hemoderivatives. Lr-PRGS, 
particularly, 25% Lr-PRGS produced an intense anabolic 
effect in LPS-challenged LEs manifested by up-regulation 
of COL1A1, DCN and TGF-β1. Lc-PRGS, particularly, 

Figure 7. A) Mean (s.d) MMP3 relative gene expression (fold change) in SLE experimental groups at 72 h. B) Mean (s.d) MMP13 
relative gene expression (fold change) in SLE experimental groups at 72 h. a–c = different lowercase letters denote significant (p 
< 0.01) differences in SLE experimental groups by the Tukey test. Acronyms meaning as in figure 1 legend.
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Figure 8. Suspensory ligament explant (SLE) histology slides 
(H&E 40X). A) Transversal section of a SLE of the control group 
showing normal orientation of the collagen fibers and pres-
ence of fibroblasts with elongated nuclei. B) Transversal section 
of a SLE of the control group plus LPS showing increase in the 
fibroblast number with roundness of their nuclei and loss of 
the organization of collagen fibers. C) Transversal section of 
a LPS-challenge SLE of the group cultured with 25% Lc-PRGS 
showing increase in the fibroblast number with roundness of 
their nuclei. D) Transversal section of a LPS-challenge SLE of 
the group cultured with 50% Lc-PRGS showing increase in the 
fibroblast number with roundness of their nuclei and loss of 
the organization of collagen fibers, although in lesser exten-
sion than the SLEs of the control group plus LPS. E) Transver-
sal section of a LPS-challenge SLE of the group cultured with 
25% Lr-PRGS showing fibroblasts with slight changes in the 
roundness of their nuclei. F) Transversal section of a LPS-chal-
lenge SLE of the group cultured with 50% Lr-PRGS showing 
fibroblasts with slight changes in the roundness of their nuclei 
and slight loss of collagen pattern, although in lesser extension 
than the SLEs of the control group plus LPS.

Table III. Histology score results for suspensory ligament treated with Lc-PRGS and Lr-PRGS in presence of LPS. * = Data are 
presented as medians (interquartile range).

Experimental group

Histology item

Ligament 
fibroblasts Cell density Ground substance 

(Alcian blue stain) 

Collagen (with 
and without 
polarized light)

Vascularity Total 
histology score

Control group 1.0 (0.0) 1.0 (0.0) 0.0 (0.0) a 0.0 (0.0) a 0.50 (1.0) 3.0 (2.0) a

Control group LPS 1.0 (0.0) 0.50 (1.0) 1.0 (0.0) b 1.0 (0.0) b 1.0 (1.0) 10 (5.0) b

25% Lc-PRGS 1.0 (0.0) 0.0 (1.0) 0.0 (1.0) b 0.0 (0.0) b 1.0 (1.0) 6.0 (2.0) a

50% Lc-PRGS 1.0 (0.0) 0.0 (0.0) 0.0 (1.0) b 0.0 (0.0) b 1.0 (1.75) 4.0 (2.0) a

25% Lr-PRGS 1.0 (0.0) 0.0 (1.0) 0.0 (0.0) b 0.0 (1.0) b 0.0 (1.0) 4.0 (2.0) a

50% Lr-PRGS 1.0 (0.0) 0.0 (1.0) 0.0 (0.0) b 0.0 (1.0) b 1.0 (1.0) 4.0 (2.0) a

a,b  = different lowercase letters in the same column represent significant differences (P > 0.05).

25% Lc-PRGS induced MMP3 and MMP13 down-regula-
tion in comparison to the rest of hemoderivatives. Howev-
er, the general histology score was apparently better in LEs 
cultured with 25% Lr-PRGS. 
This study presents new and complementary information 
about the anti-inflammatory, anabolic, and anti-catabol-

ic gene expression mechanisms of action of PRGS on an 
in vitro system of equine SL desmitis/desmopathy. Addi-
tionally, it describes the protective effects of PRGS on the 
histology of LEs challenged with LPS. The analytes (PDGF-
BB, TGF-β1 and HA) and genes evaluated in the present 
study were selected because these are the main polypeptides 
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(PDGF-BB and TGF-β1) contained in equine PRP (18) or 
because of their role as pro-inflammatory (NFkB), anabolic 
(COL1A1, COMP, DCN, TGF-β1) and catabolic (MMP3 
and MMP13) genes implicated in the pathophysiological 
mechanisms of musculoskeletal soft tissue in degenera-
tive/inflammatory conditions, such as equine SL desmitis/
desmopathy (1, 16).
PDGF-BB is an anti-inflammatory and angiogenic poly-
peptide that induces fibroblast proliferation and adhesion 

(19, 20). This GF has been useful for experimental ligament 
healing (21). TGF-β1 enhances ligament repair by stimu-
lating matrix proteins deposition as well as the prolifera-
tion and migration of cells (22). This polypeptide produces 
up-regulation of lysyl oxidases and MMPs that respective-
ly facilitate the extracellular matrix (ECM) ligament repair 
and degradation (23).
HA is a high-molecular-weight polymer of disaccharide units 
that enhances the cellular activities of fibroblasts, including 
their adhesivity, proliferation, and ECM synthesis (24). It 
could constitute around 20% or more of the total glycos-
aminoglycans in tendons and ligaments (25). There are 
several genes encoding protein synthesis in ligament ECM, 
such as COL1A1, COMP, DCN, TGF-β1 that maintain the 
healthiness of this tissue by an equilibrated counterbalance 
of catabolic genes that encode MMPs, such as MMP3 and 
MMP13. However, in pathologic conditions (inflamma-
tion/degeneration) resident cells in ligament ECM could 
over-express pro-inflammatory genes, for instance NFkB 
that up-regulates inflammatory and catabolic genes like 
MMP3 and MMP13 with subsequent damage of structural 
components of ECM (26). 
The in vitro system used in this study can only evaluate 
some components involved in desmopathy. Therefore, 
only two components were evaluated here: LEs and PRGS. 
The latter is only fibrin-platelet-leukocyte free plasma with 
higher amounts of GFs. Thus, these in vitro experiments 
are useful for the evaluation of LEs molecular respons-
es when challenged with LPS solutions containing PRGS, 
and consequently will give more information to design and 
test treatments that can be used later in animal models of 
desmopathy or patients with the disease.
We used LPS in this in vitro study to induce ligament 
inflammation/degeneration because the cellular receptors 
for LPS and catabolic cytokines (mainly IL-1β) implicated 
in the genesis and perpetuation of degenerative soft tissue 
musculoskeletal disease (26) are closely interlinked and 
described as the TLR-IL-1 receptor (IL-1R) superfamily of 
receptors (27). When activated they induce a series of inter-
cellular signaling pathways that converge on the activation 
of the transcription factor NFkB resulting in pro-inflamma-
tory cytokine and MMP expression (28). Thus, other limita-

tion of our study was that the expression of TLRs was not 
evaluated. 
PRGS used in this study come from two different PRP 
compositions, one of them (Lc-PRP) with a platelet concen-
tration 3-fold and a leukocyte concentration 0.5-fold in 
comparison to basal values of these components or cells in 
whole blood. The other hemoderivative (Lr-PRP) exhibited 
a platelet concentration 0.9-fold and a negligible leukocyte 
(0.1-fold) concentration when compared to basal values 
of these cells in whole blood. Therefore, we also obtained 
PRGS with different concentrations of GFs, particular-
ly, PDGF-BB and TGF-β1. Indeed, Lc-PRGS present-
ed the highest concentrations of both polypeptides when 
compared to Lr-PRGS. However, both types of PRGS 
exhibited different anti-inflammatory, anabolic and cata-
bolic gene expression responses and protective effect of the 
histology architecture in LEs challenged with LPS.
Both PRGS exhibited an anti-inflammatory effect in 
LPS-challenged LEs because they down-regulated NFkB 
gene expression when compared to LEs of the control 
group plus LPS. This anti-inflammatory effect has also been 
observed previously in other musculoskeletal tissues and 
cells (29, 30) and it has been associated with an inhibito-
ry effect of some GFs, such as hepatocyte growth factor or 
PDGF-BB contained in PRP (31).
In general, LPS induced a strong depression in the anabol-
ic gene expression profile of the LE evaluated in this study, 
affecting markedly the release of HA, which was lower in 
25% Lr-PRGS. At this point, the inclusion of a control 
(“healthy”) group without LPS addition was useful to deter-
mine the extension of PRGS control of catabolic effect after 
this harmful biologic stimulus. In line with this, COL1A1 
relative expression only was up-regulated in 25% Lr-PRGS. 
This finding has been previously observed in an in vitro 
study in tendons in which the increase in the platelet concen-
tration resulted in a significant reduction in COL1A1 gene 
expression in tendons (32). Additionally, there are other 
similar reports where they used PRP methods that mini-
mized the amounts of leukocites (PRP releasate) in vitro 
and in vivo. The in vitro results showed that treating tendon 
stem/progenitor cells with PRP releasate induced stem/
progenitor cells differentiation into active tenocytes, which 
proliferated quickly and produced abundant collagen (33). 
We also observed in an animal model of tendinopathy that 
Lr-PRP produces COL1A1 up-regulation (34).
Interestingly, 25% Lr-PRGS also produced the most signif-
icant DCN and TGF-β1 up-regulation in SLEs challenged 
with LPS. To note, the most significant COMP up-reg-
ulation in LPS-challenged LEs was observed for 50% 
Lc-PRGS. It is possible that the increased concentrations 
of GFs (especially PDGF-BB) in this hemoderivative (16) 
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induced up-regulation of this ECM anabolic gene, similar to 
what was observed in equine cartilage (35).
Our catabolic gene expression profile results contrast 
with other studies. In this sense, we observed that 25% 
Lc-PRGS induced lesser MMP3 and MMP13 expression 
when compared with 50% Lc-PRGS and Lr-PRGS (both 
concentrations). However, the MMP3 gene expression in 
LPS-challenged SLEs cultured with 25% Lc-PRGS were 
up-regulated when compared to the LEs of the control 
group, whereas the level of expression for MMP13 was 
not different between LEs cultured with 25% Lc-PRGS 
and those of both control groups. In contrast, two in 
vitro studies reported MMP13 down-regulation in equine 
tendon explants independently of the concentration of 
platelets and leukocytes in PRP (14, 32). Moreover, our 
results on MMP3 gene expression were similar to those 
described by Boswell et al., who found that several PRP 
preparation with different platelet and leukocyte concen-
tration ratio were able to induce up-regulation of this 
ECM enzyme (32).
The histology results from our study demonstrated that 
LEs challenged with LPS were structurally damaged and 
that both PRGS (25 and 50%) avoided tissue damage when 
compared to the control groups (healthy and LPS-stimu-
lated SLEs). Although, there was no significant difference 
between both PRGS (25 and 50%), we can appreciate that 
25% Lr-PRGS exhibited the better ligament histology archi-
tecture and interestingly, this same concentration showed 
the lowest release of HA in both moments measured. In 
addition, SLEs cultured with 25% Lc-PRGS followed by 
50% Lc-PRGS presented a worst histology appearance. As 
previously mentioned, the information about the histology 
effects of PRP on equine SL is limited. Our histology results 
could be similar to those described for rabbits with Achilles 
tendinopathy that were treated with Lr-PRP (34).
These findings suggest that 25% Lr-PRGS is more suit-
able for SL desmopathy and that possibly the up-regula-
tion of ECM ligament anabolic genes is more important 
to induce SL healing than the down-regulation of ECM 

catabolic genes. Additionally, the exact leukocyte formula 
is an important parameter since lymphocytes populations 
are very diverse and do not have the same impact than the 
monocytes and granulocytes. Then, it is still unclear how to 
improve significantly the current classification and terminol-
ogy but this is something interesting for future studies (36). 
Previously we described a possible anti-inflammatory action 
of Lr-PRGS that could be associated with a high release of 
Il-4, which reduces TNF-α release. This could be the case 
for this situation (37).
PRP is likely a promising treatment to enhance the healing 
of injured tendons but the factors mentioned above should 
be considered in clinical practice and research (33). Conse-
quently, to determine the significance of the findings from 
this study, further studies using in vivo models (animal or 
human) and Lc-PRP and Lr-PRP are needed.
There are many studies and techniques that demonstrate the 
usefulness in terms of safety and ease of PRP application in 
musculoskeletal injuries (38) but there is still controversy 
and variability regarding the amount and types of PRP (33). 
In the meantime, it is important that all authors in the field 
accurately describe the products they are testing, in order 
to make a real and meaningful contribution to the literature 
(36) and improve the efficiency and results of PRP use in 
desmopathies (37).
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SUMMARY
Background. Macrophages are a heterogeneous cell population that plays an important 
role in the initiation of the inflammatory response to trauma as well as its resolution during 
healing. However, their role during Achilles tendon healing is unclear. The aim of this 
study was to investigate if macrophage reduction by using clodronate liposome injection 
would influence the mechanical properties of the healing tendon.
Methods. The right Achilles tendon of 46 rats were transected and left to heal sponta-
neously (day 0). The reduction of macrophages during the inflammatory phase of tendon 
healing was studied by injecting clodronate liposomes day - 3, - 1 and 1. To study the early 
remodeling phase, clodronate was injected day 3, 5 and 7. The controls received saline and 
the rats were evaluated by mechanical testing day 7 and 12, respectively. 
Results. Clodronate injections during the inflammatory phase increased transverse area (p 
= 0.006) and stiffness (p = 0.044) day 7. In contrast, no significant effects were seen at day 
12. Flow cytometry evaluation confirmed reduction of mature and polarized macrophages.
Conclusions. Reduction of macrophages during the inflammatory phase of Achilles tendon 
healing influenced the mechanical properties, suggesting a regulatory role of macrophages 
during this phase. 
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INTRODUCTION 
Tendon healing starts with an inflammatory phase, where 
the leukocytes (CD45+) are recruited to the site of injury (1). 
Neutrophils are the first cells that arrive at the site of injury, 
followed by macrophages. Macrophages are heterogeneous 
cell population that, among other functions, can orchestrate 
the healing processes. They are present during the differ-
ent phases of tendon healing and can become polarized to 
either M1 or M2 macrophages. Classically activated macro-
phages (M1) are pro-inflammatory and promote matrix 
degradation. Alternatively, activated macrophages (M2) are 
anti-inflammatory, stimulates cell proliferation and produc-
tion of extracellular matrix, thereby stimulating repair of 
the injured tendon. However, M1 and M2 macrophages 
are a crude classification for what in reality is a spectrum 
of polarized macrophages. Macrophages are the dominant 

immune cells during the inflammatory phase, as almost half 
of all leukocytes are macrophages during the first 3 days 
after tendon injury (1). This suggests that macrophages are 
one of the most important players during inflammation and 
tendon healing.
Furthermore, in vivo studies show that non-steroidal 
anti-inflammatory drugs like parecoxib and indomethacin 
impair healing of tendon dramatically if given during the 
inflammatory phase but have a slight positive effect if given 
during the remodeling phase (2, 3). However, it seems that 
these effects on the mechanical properties of the healing 
tendon are orchestrated mainly via mechanisms not directly 
related to the amount of inflammatory cells, because there 
was no effect of parecoxib on the numbers of macrophages 
and their subtypes during the inflammatory and remodeling 
phases (4). Corticosteroids also influence Achilles tendon 
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healing. Early dexamethasone treatment during the inflam-
matory phase had a negative effect on healing tendon. 
In contrast, its application during the early remodeling 
phase improved the tendon healing dramatically. Similar 
to NSAIDs, corticosteroids do not seem to change macro-
phage numbers, since dexamethasone treatment during 
the inflammatory and early remodeling phase did not have 
any effect on percentage of macrophages subpopulations 
compared to control. Still, there was a dramatic effect on 
mechanical properties (5). This raises the question how 
dampening and influencing the inflammation via macro-
phages with different treatments would affect the outcome 
in the healing tendon. 
The primary aim of this study was to see if reduction 
of mature macrophages, using clodronate liposomes in 
an Achilles tendon healing model would influence the 
mechanical properties of the healing tissue. The second-
ary aim was to see which healing phase was most sensi-
tive to clodronate liposomes, the inflammatory or the early 
remodeling phase. 
To test this hypothesis, we used serial intraperitoneal injec-
tions of liposome-encapsulated dichloromethylene-bisphos-
phonate (clodronate liposome). 

MATERIALS AND METHODS

Study design
46 female Sprague-Dawley rats (11-12 weeks old) were 
included in the study. The right Achilles tendon was tran-
sected in all rats and allowed to heal spontaneously with-
out suture. Rats were randomized to clodronate liposome 
treatment or saline control. The day of surgery was regarded 
as day 0.  
To evaluate the mechanical properties of the healing tendon, 
rats received clodronate liposome or saline day - 3, - 1 and 
+ 1 and were euthanized day 7, or received clodronate lipo-
some or saline day 3, 5, 7 and were euthanized day 12. 
For flow cytometric analysis, animals received clodronate or 
saline day - 3, - 1 and + 1 and were euthanized at day 7. 
The rats were housed 2 per cage with 12:12 light and given 
food and water ad libitum. All experiments were approved 
by the Regional Ethics Committee (15 15) and were in 
accordance with the MLTJ guidelines (6). 

Surgery
Rats were anesthetized with isoflurane gas (Forene, Abbot 
Scandinavia, Solna, Sweden) and received antibiotics (25 
mg/kg, Oxytetracycline, Engemycin; Intervet, Boxmeer, 
The Netherlands) preoperatively and analgesics (0.045 

mg/kg, Buprenorphine, Temgesic; Schering-Plough, Brus-
sels, Belgium) was given subcutaneously pre- and post-op-
eratively. The skin on the right Achilles tendon was shaved 
and cleaned with chlorhexidine ethanol. Thereafter, a 
transverse skin incision was made lateral to the Achilles 
tendon. The plantaris tendon was removed and the Achil-
les tendon was cut transversely, and the tendon was left 
unsutured to heal spontaneously. The skin was sutured 
with two stitches.

Clodronate liposome administration
Rats were randomized to receive intraperitoneal injection 
of clodronate liposomes (Clodronate Liposomes, Amster-
dam, Netherlands) or saline. 1.5 ml clodronate or saline was 
injected every injection day, i.e., day - 3, - 1 and + 1 or day 
3, 5 and 7. 

Mechanical evaluation
Rats were euthanized by CO2. The Achilles tendon with the 
calcaneal bone and gastrocnemius and soleus muscles was 
harvested. The muscle was scraped off and tendon fibers 
were fixed by sand paper in a metal clamp. The calcaneal 
bone was fixed in a custom-made clamp at 30° dorsiflex-
ion relative to the direction of traction. The mechanical 
testing machine (100R, DDL, Eden Praire, MN) pulled 
the mounted tendon at constant speed (0.1 mm/s) until 
failure. Peak force at failure (N), stiffness (N/mm), and 
energy uptake (Nmm) were calculated by the testing 
machine. Sagittal and transverse diameter of the mid part 
of the callus was measured by a caliper. Transverse area, 
Young’s modulus and peak stress were calculated assum-
ing an elliptic cylindrical shape (5). All measurements were 
performed by a blinded investigator.

Tissue harvest and retrieval of single cells
To evaluate the efficacy of clodronate and overall effect on 
the immune signature during treatment, the spleen from 
same animals undergoing tendon mechanical testing at day 
7 was used for flow phenotyping. The harvested spleen 
was minced in digestion buffer (RPMI 1640 with, 5% 
heat inactivated fetal bovine serum, and 10 mM HEPES) 
and passed through a 70 μm cell strainer (Fisher scientif-
ic) to extract single cells. RBC was removed using ACK 
lysis buffer (155 mM NH3Cl, 10 mM KHCO3, and 88 
µM EDTA) and cells were washed using digestion buffer. 
Trypan blue (Life technologies) was used to count live 
cells, and 500.000 cells per staining reaction were used for 
immune cell phenotyping as described below.
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Flow cytometric phenotyping of immune cells  
Antibodies were CD45-PE-Cy7 (leukocyte), CD3-AF647 (T 
cell), CD4-PE (T helper cell), CD8-PerCP (cytotoxic T cell) 
from Biolegend and CD11b-AF700 (phagocyte), CD68-
BV510 (pan-macrophage) from AbD serotec and CCR7-
AF647 (M1 macrophage), CD206-FITC (M2a macrophage) 
from Bioss and CD163-PE (M2c macrophage) from LSBio. 
Single cell suspensions were first stained with 50 µl antibody 
mixture for the surface markers CD45, CD11b, CD163, 
CD206, CCR7 (macrophage panel), or CD45, CD3, CD4, 
CD8 (T cell panel) for 30 minutes in room temperature. 
Cells were then washed once and incubated with Cytofix/
Cytoperm for intracellular staining according to manufac-
turer’s instructions (BD Biosciences) at 4 ºC for 20 min. 
Fixed and permeabilized samples were stained with intra-
cellular marker CD68 diluted in Perm/Wash buffer for 
30 minutes. Cells were then washed 3 times with Perm/
Wash buffer before analysis (1). Data were acquired using 
a Gallios flow cytometer (Beckman Coulter) equipped with 
a 405 nm, 488 nm, 633 nm laser and analyzed according to 
our previous experience using these antibodies for tendon 
tissue samples (4). Evaluation was performed using FlowJo 
v10 software (Treestar, Ashland, OR).

Statistics
The mechanical parameters were tested by student’s t-test 
for testing the hypothesis of an effect of clodronate injec-
tions. Flow cytometric data were analyzed by students t-test 
to describe the response to clodronate injection in polarized 
macrophages.

RESULTS

Mechanical evaluation
We transected the right Achilles tendon on rats, and random-
ized them to either clodronate liposome or saline injections 
day - 3, - 1 and + 1 and performed mechanical evaluation 
at day 7. Clodronate injections increased transverse area by 
36% (p = 0.006), peak force by 24% (p = 0.083) and stiff-
ness by 22% (p = 0.044) (figure 1, table I). 
Next, we transected the right Achilles tendon in another 
group of rats and this time we gave them clodronate lipo-
some or saline days 3, 5, 7 and performed mechanical eval-
uation at day 12. With this treatment timing, clodronate 
increased transverse area by 16% and stiffness by 7%, but 
these differences were not statistically significant (table I). 

Flow cytometric evaluation
In order to see how clodronate injections affected the immune 
cell populations, we performed comprehensive flow cytomet-
ric analysis on spleen samples from rats treated with clodro-
nate days - 3, - 1, + 1 and euthanized day 7. There was a statis-
tically significant reduction in CCR7 (M1 macrophages; p < 
0.001), CD163 (M2 macrophages; p = 0.003) and CD206 (M2 
macrophages; p = 0.005) in the clodronate treated animals 
(figure 2). To determine the specificity of the treatment and 
if macrophage reduction by clodronate have a compensatory 
effect on T cells and their subtypes this was evaluated using 
the same specimens. There was no effect on frequency of T 
cells (CD3) or their subtypes, T helper cells (CD4) and cyto-
toxic T cells (CD8), by clodronate treatment (figure 3).

Figure 1. Reduction of macrophages influences mechanical properties of the healing Achilles tendon. Transverse area, peak 
force and stiffness was measured at day 7 after tendon transection. Animals received clodronate or saline days - 3, - 1, + 1. N 
= 10-12 rats in each group.
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Table I. Mechanical properties of rat Achilles tendons at 7 and 12 days after tendon transection. Values are expressed as 
means (SD).

Saline (SD) Clodronate (SD) p-value
Day 7 Transverse area (mm2) 7.5 (1.9)  10.2 (2.1) 0.006

Peak force (N)
Stiffness (N/mm)
Peak stress (MPa)
Elastic Modulus (MPa)
Energy (Nmm)

 13.0 (3.1)
2.1 (0.4)
1.8 (0.3)
4.0 (0.4)

28.1 (11.1)

 16.2 (4.7)
2.6 (0.6)
1.6 (0.4)
3.7 (1.1)

38.1 (13.8)

0.083
0.044
0.309
0.415
0.080

Day 12 Transverse area (mm2)  10.4 (2.3)  12.1 (2.8) 0.160

Peak force (N)
Stiffness (N/mm)
Peak stress (MPa)
Elastic Modulus (MPa)
Energy (Nmm)

 35.6 (8.9)
 6.0 (1.3)
 3.5 (0.97)
 8.1 (1.9)

 67.2 (19.4)

 39.8 (5.5)
6.4 (0.9)
3.4 (0.9)
7.6 (2.6)

77.7 (15.9)

0.216
0.378
0.839
0.647
0.204

Figure 2. Decrease in 
polarized macrophages during 
early clodronate treatment. 
Flow cytometry was used 
to quantify the different 
macrophage subtypes in the 
spleen 7 days after tendon 
transection. Animals received 
clodronate or saline days - 3, - 
1, + 1.  (A) Gating strategy for 
macrophages (CD45+ CD11b+ 

CD68+ cells), and representative 
dot plots for CCR7, CD163, 
CD206 positive macrophages, 
as well as histogram with 
overlay of saline (solid line, 
grey color) and clodronate 
(dashed line). (B) Bar graphs of 
CCR7, CD163, CD206 positive 
macrophages showing mean 
and each individual animal as a 
dot. N = 6 in each group.
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Figure 3. Unaffected T cells during early clodronate treatment. Flow cytometry was used to quantify T cell 
subpopulations in the spleen 7 days after tendon transection. Animals received clodronate or saline days - 3, - 1, 
+ 1. (A) Gating strategy for CD4 and CD8 positive T cells (CD45+ CD3+). (B) Bar graphs of total T cells and CD4 
and CD8 T cells showing mean and each individual animal as a dot. N = 6 in each group.

DISCUSSION
Inflammation is an important phase of the healing process. 
Macrophages play a role both in the initiation and the reso-
lution of inflammation, and they are considered the major 
immune cells involved in healing. Significant infiltration 
of macrophages into the tendon tissue has been shown in 
murine and human studies (1, 7-11). In this study, we inves-
tigated the role of macrophages during different phases of 
Achilles tendon healing by using clodronate liposomes.
Injections of clodronate liposomes days - 3, - 1, + 1 increased 
the mass of the healing tissue (transverse area) as well as stiff-
ness and strength. Delayed clodronate liposomes injections 
day 3, 5 and 7 did not significantly influence the mechani-
cal properties of tendon, although transverse area, stiffness 
and peak force seemed slightly increased. This suggests that 
macrophages play a role in tendon healing mainly during 
the early inflammatory phase. 
Improvement of the healing tissue due to reduction of 
macrophages by clodronate has been shown previous-
ly in a tendon-to-bone repair study (12). They showed 
that the load to failure as well as stiffness was increased 
in rats treated with clodronate. Their histology evalua-

tion showed that clodronate decreased accumulation of 
TGF-β in the tendon-bone interface and this interface 
with fibrous tissue was narrower compared to controls. 
As TGF-β promotes healing predominantly through scar 
formation (13), the decrease of TGF-β due to macrophage 
reduction might lead to a wound healing process with 
reduced scar formation, which might improve the heal-
ing tissue. This suggests that macrophage reduction in our 
model could also had reduced TGF-β levels which could 
explain the improvement of the mechanical properties, 
but this needs to be further investigated. In a mice model 
of Achilles tendon healing, clodronate liposome injection 
given during the inflammatory phase increased maximal 
stress and young’s modulus measured at a delayed time-
point of 14 days after surgery (14). We have instead evalu-
ated the healing outcome of clodronate shortly after treat-
ment, both during the inflammatory phase and during early 
remodeling. Furthermore, a bone-healing model showed 
that clodronate liposome injections before the trauma had 
a significant effect on the mechanical properties of bone, 
while clodronate injections after the trauma did not have 
any impact (15).
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All these clodronate studies are different regarding the time 
points of clodronate injections which might explain the 
different results of the mechanical properties. Overall, the 
clodronate studies shows that macrophage reduction can 
have different effects on the healing process depending in 
which time point of the healing process the clodronate is 
given. The reason why we did not see an effect of macro-
phage reduction during the early remodeling phase in our 
study might be because clodronate only affects circulating 
monocytes/macrophages and the recruitment of these cells 
to the healing tendon at this time point might not be as high 
as during the inflammatory phase. The macrophages that 
were recruited during the inflammatory phase will stay in 
the healing tendon tissue also during the early remodeling 
phase and might not be affected by the clodronate injec-
tions given during this period. In summary, the clodronate 
studies done in tendon and bone healing shows that macro-
phages play a crucial role during the different phases of the 
healing process, and whether their reduction is good or bad 
is not yet clarified. Modulating the activity of macrophages 
rather than depleting them can also have an effect on 
tendon healing. Patellar tendon healing in C3H/HeJ mice 
with a genetic deficiency reducing macrophages ability to 
produce TNF and other inflammatory cytokines, showed 
that collagen fibril diameters were larger and more orga-
nized at 7 and 14 days post injury, suggesting that reduc-
tion of an inflammatory response improves quality of the 
healing tendon (16).
Clodronate injections in this study significantly reduced 
polarized macrophages during the inflammatory phase. The 
reduction was seen for both M1 (CCR7) and M2 macro-
phages (CD163 and CD206). Although, the reduction was 
only 20% in each subtype it had a big impact on the mechan-
ical properties. This strengthen our conclusion that macro-
phages are important during early tendon healing as only 

a 20% decrease of macrophages can change the mechani-
cal properties of the healing tendon. Whether specifically 
targeting one subtype of macrophages (M1 or M2) would 
have a different outcome is still to be investigated.
We also confirmed that clodronate treatment did not alter 
the frequency of T cells, in order to rule out presence of 
a compensatory mechanisms acting during macrophage 
reduction. Clodronate had no effect on T cells in general 
(CD3) or their subtypes, T helper cells (CD4) and cytotoxic 
T cells (CD8). The same effect has previously been shown 
in a ligament-healing model were clodronate did not affect 
total T cells (CD3) (17). In our tendon healing model, we 
have recently reported that CD8 T cell depletion did not 
influence mechanical properties of healing tendons at day 7 
(anti-CD8 single injection given day - 1) and at day 12 (anti-
CD8 single injection given day 5) (18). This further empha-
sizes involvement of macrophages over that of T cells during 
early tendon healing.

CONCLUSIONS
In conclusion, polarized macrophage reduction by using 
clodronate liposome injections during the inflammatory 
phase of tendon healing increased the mass, the stiffness 
and probably the strength of the healing tissue. 
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SUMMARY
Introduction. While many studies focus on the restoration of muscle strength in the 
mid-term after anterior cruciate ligament reconstruction (ACLR) with bone-patellar 
tendon-bone (BTB) autograft, it is not known whether the mechanical properties of 
the donor site and surrounding soft tissue are restored. The aim of this study was 
to investigate the mechanical properties of the donor site patellar tendon (PT) and 
surrounding soft tissues after ACLR with BTB autograft.
Methods. Eight patients with ACLR and 8 age-matched healthy controls were includ-
ed to the study. Shear Wave Velocity (SWV) of the PT, quadriceps tendon (QT) and 
vastus medialis obliques (VMO) muscle were performed using an ultrasonography 
device with linear probe. In addition, the quadriceps femoris (QF) strength was 
measured with isokinetic dynamometer at 60°/sec angular velocity.
Results. There were no differences in the SWV of the PT and VMO muscle between 
the two groups (p > 0.05). The SWV of the QT was significantly lower in patients with 
ACLR compared to healthy controls (p = 0.02). There was significantly reduced QF 
strength on the operated side in patients with ACLR (p = 0.04).
Conclusions. The mechanical properties of the PT and VMO are restored in the 
mid-term after ACLR. However, there may be strength deficit on the donor site QF 
even after 16 months from the surgery.
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INTRODUCTION
Reconstruction of anterior cruciate ligament (ACL) with 
autograft is a standard procedure for regaining the stabili-
ty of the knee joint after ACL injury. Bone-patellar tendon-
bone (BTB) graft is one of the most frequently used auto-
grafts during the surgery (1, 2). BTB was observed to be 
superior in terms of joint stability, extremity function and 
patient’s satisfaction compared to other graft types (1, 2). 
However, complications such as; anterior knee pain, patellar 
fracture and rupture of the remaining tendon are common-

ly observed in patients with ACL reconstruction (ACLR) 
surgery using BTB (3).
Anterior knee pain can be observed up to 46 to 55% of the 
patients undergoing ACLR surgery with BTB (4, 5). The 
healing of the remaining patellar tendon is an important 
factor that may cause, and its’ mechanical properties are 
thought to be one of the factors that may cause the anterior 
knee pain. Therefore, some studies have focused to under-
stand the healing process of the donor site patellar tendon 
(PT) (4-9). Nixon et al. (9) indicated that, the remaining PT 
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histologically the same as normal PT after 2 years from the 
surgery. However, some studies indicated that, the harvest-
ed 1/3 mid part of the PT could still be distinguishable from 
the normal PT more than 2 years after the surgery (6, 10). 
In addition, PT was also found to be wider and thicker and 
had increased cross-sectional area after harvesting its central 
1/3-part compared to normal PT (6, 7).
Poor mechanical properties of the harvested PT are thought 
to be one of the factors that may cause complications and 
affect the function of the knee. The stiffness and other 
mechanical properties of the harvested PT decrease in the 
early stages of post-operative period and restored in time 
as the tendon’s volume increases (7, 11). Akkaya et al. (12) 
assessed the harvested PT with ultrasound and revealed 
thickening and decreased strain ration on the donor site PT 
after 2 years from the surgery in contrast to the other stud-
ies. Yet, they conducted the measurements only during 30° 
of knee flexion. However, there is still little information and 
conflicting results regarding the mechanical properties of 
the harvested PT after the surgery.
The healing process of the soft tissues and their mechanical 
properties can be assessed using different methods. Ultraso-
nography is one of the most commonly using method for the 
assessment of the soft tissues (13, 14). Sheer Wave Velocity 
(SWV) is a reliable method for the assessment of the skel-
etal muscles and tendon units (14, 15). The aim this study 
was to evaluate the mechanical properties of the harvest-
ed PT during different knee flexion angles and surrounding 
soft tissue and the strength of the quadriceps femoris (QF) 
muscle on patients with ACLR using BTB. The hypothe-
sis of this study was that the stiffness of the harvested PT 
and surrounding soft tissues of the donor site are restored 
as the strength of the QF muscle recovers in mid-term after 
the surgery.

MATERIALS AND METHODS

Study Design and Participants 
This was an observational study including eight male 
patients with ACLR surgery with BTB and eight ages 
matched healthy male subjects. Patellar Tendon, Quadri-
ceps Tendon (QT) and Vastus Medialis Obliques (VMO) 
stiffness were measured with SWV. Quadriceps femoris 
strength was measured with isokinetic dynamometer.
The inclusion criteria of the study: 
• isolated unilateral arthroscopic ACLR with BTB 

autograft;
• having passed at least 12 months after the surgery;
• full range of motion in the operated side knee joint;
• no lower extremity problem in healthy group at last 1-year.

The exclusion criteria of the study:
• ACLR with hamstring tendon autograft or allograft; 
• revision of ACLR;
• additional surgery to the ACLR procedure (meniscus 

and/or cartilage repair, other ligament surgeries);
• complication in the operated knee after the surgery.

All patients were operated with the same surgeon and 
the same procedure was performed. After the surgery, all 
patients received the same standard rehabilitation program. 
The ethical committee of University approved the study with 
the number of GO 15/816-27. All participants signed the 
informed-constant form and the experimental procedures 
were conducted according to the Declaration of Helsinki 
and as required by the journal (16).

Measurements
Clinical Assessment
The demographic characteristics of the participants were 
recorded prior to the measurements. The International 
Knee Documented Committee (IKDC) score (ICC 0.94) 
was used to evaluate the knee functions of the patients (17). 
The questionnaire contains 10 items related to knee-relat-
ed symptoms, sports, and functional activities. The score 
ranges from 0 to 100, and the higher score indicates better 
knee function.

Ultrasonographic Measurements
The ultrasonographic measurements of the VMO muscle, 
PT and QT were performed with the ACUSON S3000 
device with using 9L4 (4-9 MHz) linear-array ultrasound 
probe (Siemens Medical Solution, Mountain View, CA, 
USA). Prior to the testing, participants rested for 5 minutes 
in a seated position to ensure the elastic modulus of the 
patellar tendon was evaluated at resting status.  The room 
temperature was controlled at 25 °C.
The VMO muscle was assessed in long sitting position 
while hips were semi-flexed and knees were fully extended 
(figure 1). The probe was placed approximately 10 centime-
ters (cm) proximal to the apex of patella in the direction of 
the muscle fibers. The elastographic features were obtained 
from the plumpest section of the muscle (18).
The elastographic features of the PT and QT were obtained 
in the supine lying position while both knee were flexed 30° 
(19). The US probe was placed to the mid-point of the PT 
(between 1 cm distal of the patellar bone-tendon junction 
and 1 cm proximal of bone-tendon junction of tibia) (figure 
1). For the SWV measurements of the QT, the US probe was 
placed on the area between the musculotendinous junction 
of quadriceps tendon and the proximal part of the patella 
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(figure 1). The transducer was stationed on the skin, with a 
light pressure on top of a generous amount of coupling gel, 
perpendicularly on the skin’s surface.
Virtual Touch Imaging and Quantification® (VTIQ) soft-
ware was used to assess the SWV (Siemens Medical Solu-
tion, Mountain View, CA, USA) of the PT, QT, VMO. After 
taking the VTIQ image, range of images (ROIs), which are 
0.5x0.5 mm boxes, were placed along the direction of the 
muscle and tendon fibers line. Average of used ROIs were 
used to calculate the SWV of assessed VTIQ image. The 

higher value of the SWV indicates more stiff tissue. The 
SWV measurements were determined at least 20s breaks, 
via average of three measurements, consecutively. All 
measurements were performed bilaterally on both patients 
and healthy participants.

Muscle Strength Assessment 
QF muscle strength was measured with isokinetic dyna-
mometer (IsoMed®2000 D & R GmbH, Germany). 
Prior to testing, participants warmed-up for 5 minutes 

Figure 1. Probe location and ultrasound imaging measurements. (a1) probe position of the patellar tendon, (a2) quadriceps 
tendon, and (a3) vastus medialis muscle at stiffness measurements; (b1) 2-dimensional ultrasound image of the patellar tendon, 
(b2) quadriceps tendon, and (b3) vastus medialis muscle at stiffness measurements; (c1) color map images of the patellar 
tendon, (c2) quadriceps tendon, and (c3) vastus medialis muscle at stiffness measurements. Regions of interest were placed, 
and corresponding shear wave velocity (m/sec) was recorded. Red-coded areas represent the highest stiffness, blue-coded 
areas represent the lowest stiffness, and green-coded areas represent intermediate stiffness.
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on an electronic cycle ergometer. During the measure-
ment, patients were seated on the isokinetic dynamome-
ter with knees and hips flexed at 90° and they were fixed 
to the device with straps from both shoulders and belly. 
The rotation center of the knee joint was aligned to the 
center of the dynamometer. The lever arm of the device 
was placed at just proximal to the lateral malleoli. The 
test was executed between 0° and 90° of knee flexion-ex-
tension range of motion. In order to familiarize to the 
testing procedure, participants performed 3 repetitions 
of knee flexion-extension with the isokinetic device prior 
to the test. During the testing procedure, participants 
performed 5 repetitions of knee flexion and extension 
at 60°/sec angular velocity at their maximum strength. 
Both knees were tested and the testing order was deter-
mined randomly.

Statistical Analysis
All data were analyzed with the statistical package for social 
sciences (SPSS Version 21, Chicago, IL, USA). The demo-
graphic characteristics of the participants were analyzed 
with the independent sample t test. Mann Whitney-U Test 
was used for the comparison of the mechanical properties 

of the PT, QT and VMO and, the QF strength between 
the two groups. The mechanical properties of the PT, QT 
and VMO, and the QF strength between the dominant 
and the non-dominant of the patients with the ACLR were 
analyzed with Wilcoxon Test.

RESULTS
The demographics characteristics of the participants on 
both groups were similar (table I). The average post-opera-
tive duration of the patients was 15.6 ± 2.7 months (ranging 
from 13 to 20 months). The pain intensity of the patients 
was 0.7 ± 1.1.
QF strength in operated side was lower than non-operated 
side in patients with ACLR (p = 0.04). SWV of the QT was 
similar on the dominant and non-dominant sides in patients 
with ACLR whereas it was lower than that of the control 
group (p = 0.02). There was no difference on the SWV of 
the PT, and VMO muscle between the dominant sides of the 
healthy participants and the operated sides of the patients 
with ACLR (p > 0.05). There was also no difference on the 
SWV of the PT, QT and VMO muscle between the operat-
ed and the non-operated side on patients with ACLR (p > 
0.05) (table II).

Table I. The demographics characteristics of the subjects.

Patient (n = 8)
Mean ± SD

Healthy Control (n = 8)
Mean ± SD

p

Age (years) 27.7 ± 6.6 27.8 ± 4.7 0.875

Body mass index (kg/m2) 26.6 ± 2.7 24.1 ± 1.8 0.090

Body fat percentage (%) 21.5 ± 5.1 18.0 ± 3.02 0.115

Time since operation (months) 15.6 ± 2.7 -- --

IKDC 85.3 ± 8.5 -- --
SD: standard deviation, IKDC: international knee documentation committee.

Table II. Strength and stiffness of the subjects.

Patient (n = 8)
Mean ± SD p1

Healthy Control (n = 8)
Mean ± SD p2 p3

Operated Non-operated Dominant Non-dominant

QF strength 60°/sec (Nm/kg) 2.30 ± 0.50 2.70 ± 0.5 0.04* 2.40 ± 0.3 2.3 ± 0.20 0.40 0.60

PT stiffness (m/sec) 7.42 ± 1.76 7.10 ± 1.26 0.40 7.58 ± 1.65 7.37 ± 1.5 0.8 0.80

QT stiffness (m/sec) 4.30 ± 0.38 4.32 ± 0.49   > 0.05 4.75 ± 0.30 4.76 ± 0.5  > 0.05 0.02*

PT 90° stiffness (m/sec) 9.30 ± 0.60 9.70 ± 0.10 0.20 9.10 ± 0.80 8.80 ± 1.4 0.50 0.50

VMO muscle stiffness (m/sec) 2.07 ± 0.20 2.20 ± 0.30 0.20 2.02 ± 0.13 2.08 ± 0.2 0.50 0.40
p1: intra group comparison of patient, p2: intra group comparison of healthy control, p3: inter group comparison, SD: standard deviation, *p < 0.05.
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DISCUSSION
The study was aimed to investigate the mechanical prop-
erties of the PT, QT and VMO on patients with ACLR 
compared to healthy control. The most important finding 
of the study is that the elastographic properties of the soft 
tissues on the donor site are restored in the mid-term after 
ACLR surgery. The donor site mechanical properties of the 
PT and VMO were similar on patients with ACLR and the 
dominant side of the healthy participants. These findings 
partly support our hypothesis that the mechanical proper-
ties of the surrounding soft tissues of the knee recover in 
mid-term. However, QT stiffness on both sides on patients 
with ACLR was lower than the healthy participants. In 
addition, there still strength deficit on the QF on patients 
with ACLR after 16 months from the surgery. Our study is 
important in that, it was the first study comparing the elas-
tographic properties of PT, QT and VMO on patients with 
ACLR with the healthy participants. 
After the surgery, a regeneration process starts on the donor 
site of PT. Studies revealed that, the collagen composition 
of the PT increases rapidly starting from the early stages of 
post-operative period (6, 22). The gap in the PT is closed 
with the collagen tissue between 8 to 24 months after surgery 
(9, 22). In parallel with the healing process, the mechanical 
properties of the healing tissue also recover. It was found 
that, the stiffness of the PT decreases in the early postoper-
ative periods, and later it starts to increase as the cross-sec-
tional area of the tendon increases (7). In the long term 
after the ACL surgery the surgery, the PT becomes more 
thicker and stiffer compared to non-operated side (12, 23). 
We also had similar results in that, the stiffness of the PT on 
the donor site was similar compared to non-operated side 
and healthy participants in the mid-term after the surgery. 
It may be thought that as the PT becomes more thicker the 
stiffness starts to restore starting from the mid-term after 
the surgery. In addition, donor site PT had similar response 
to the stretching compared to normal tendon. The stiffness 
of the normal PT was found to increases with the increased 
knee flexion angle (24). Current study found that the stiff-
ness of the PT on both the operated and the non-operated 
sides was increased as the knee flexion angle is increased 
which was similar to the healthy participants.
The interesting result of our study was that the stiffness of 
the QT on both sides on patients with ACLR was lower 
than that of the dominant side of the healthy participants. 
The stiffness of a tendon increases with exercise and repet-
itive loading and decrees with inactivity (25). Patients with 
ACLR did not able to perform high intensity exercise until 
post-operative 5 months. Patients with ACLR were rela-

tively inactive compared to healthy participants. Therefore, 
it may be indicated that, the decrease in the QT tendon 
stiffness may be due to the inactivity of the patients with 
ACLR during the early stages of the post-operative period 
compared to the healthy controls. 
There were also similar mechanical properties in the donor 
site VMO compared to the non-operated side and the 
healthy controls. Studies reported that muscle strength and 
stiffness of the muscles are correlated. Patients with ACLR 
had lower QF strength on the donor site, yet it was not clear 
whether this deficit was due to the VMO. Hence, it is debat-
able that similar stiffness in the VMO is correlated with the 
strength of the muscle.
There was a strength deficit in QF muscle on the operated 
side compared to the non-operated side on patients with 
ACLR. The QF strength deficit is an important contribu-
tor to the ACL injury (26). Athletes with a greater lower 
extremity strength deficit have decreased functional capac-
ity and are more prone to ACL injury (27-29). The graft 
choice has a major influence on the lower extremity strength 
deficits after ACLR surgery. Patients with ACLR using BTB 
autograft was reported to have decreased QF strength after 
24 months from the surgery (30). The literature supports 
our findings that there was still QF weakness on patients 
with ACLR after 16 months from surgery. While the mean 
IKDC score in patients was below the criteria for returning 
to sports 1 year after surgery, it was very close to the norma-
tive data of healthy individuals in the same age group (31). 
It can be said that low IKDC score is associated with quad-
riceps muscle strength deficit.
There were some limitations in the current study. First there 
were only 8 patients with ACLR using BTB autograft. Most 
of the patients in our clinic were operated using hamstring 
tendon autograft and they were excluded as we wanted to 
investigate the mechanical properties of the harvested PT. 
Second, only male patients were included to the study. 
Therefore, our results cannot be generalized to all popu-
lations. Lastly, we used ultrasonography to measure the 
mechanical properties of the soft tissues and our patients 
were passive during the measurements. Yet, the stiffness can 
also be assessed while patients are active.

CONCLUSIONS
In conclusion, the mechanical properties of the PT and 
VMO are restored in the mid-term after ACLR surgery. 
However, there may still be QF strength deficit on the donor 
site. Therefore, the strength training needs to be continued 
after 1.5 years from the surgery.
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Main points
• The mechanical properties of the donor site soft tissues 

are restored in mid-term after ACL reconstruction.
• There may still be strength deficits in the operated 

knee muscles.
• Poorer mechanical properties might be one of reasons for 

anterior knee pain during the early stages of the post-op-
erative period.
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SUMMARY
Background. Iliotibial band syndrome (IBS) one of the most common injury of the later-
al knee. This is an overuse injury, and it has an increased occurrence rate in populations 
favouring running and other multidisciplinary endurance sports. In many cases, the pain 
quickly subsides upon cessation of activities. For this reason, rehabilitation plays an essen-
tial role in reducing days of inactivity.
Objective. The purpose of this study is to evaluate the qualitative results of conservative 
rehabilitation treatments of IBS.
Methods. The following four electronic databases were systematically searched from 
March to May 2020: Medline, PEDro, Scopus and Web of Science. Papers included in 
the study met the following prerequisites: experimental studies with or without a control 
group about conservative treatments of IBS. 
Titles, key words, and abstracts identified through the databases were screened inde-
pendently by two reviewers/searchers. Duplicates were first eliminated from the total 
number of studies found in the literature through the four databases. Subsequently, after 
reading the title and abstract, studies against the inclusion criteria were eliminated.
Two reviewers independently extracted patient demographics and descriptive informa-
tion. These characteristics were judged on the basis of information provided in the reports 
on the studies. Study quality and risks of bias were assessed using the Jadad scale and 
Pedro scale.
Results. Twelve experimental studies were included in this systematic review. Three of 
these are Radomized Controlled Trials three are pre-post-test and six are case reports and 
case series.
Conclusions. IBS responds positively to conservative treatment. More precisely, in the 
acute phase, shockwaves can be used, and rest and ice are recommended. Stretching and 
strengthening exercises should be started after the acute phase. Mulligan techniques on 
the hip and knee can also be used to treat iliotibial band syndrome.
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Iliotibial band syndrome; iliotibial band friction syndrome; prevention; systematic review; 
rehabilitation. 
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INTRODUCTION
Iliotibial band syndrome is a non-traumatic overuse injury 
and is the most common cause of lateral knee pain in runners 

(1), with an incidence rate of 22.2% in all lower extremity 
injuries in runners (2, 3). It is a condition that affects about 

7-14% of runners (4); however, it is associated with a variety 
of activities, including cycling, hockey, swimming, rowing, 
basketball, tennis and soccer (5, 6). The iliotibial band (ITB) 
is a thick fascia that originates from the tubercle of the iliac 
crest, the tensor fascia latae (TFL) and the lateral gluteal 
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muscles. It then passes distally and attaches to the retinac-
ulum patellae lateralis, Gerdy’s tubercle and the proximal 
fibular head (7).
TFL is an abductor and lateral hip stabilizer that limits hip 
adduction and internal knee rotation (8). Some authors (9) 
have shown that increases in hip adduction and internal 
rotation of the knee can lead to an increased tension on the 
iliotibial band and friction on the lateral femoral epicondyle. 
MacMahon et al. (10) have identified abductor weakness as 
one of the main causes of the development of this pathol-
ogy. Iliotibial band syndrome has a multifactorial aetiolo-
gy and includes intrinsic factors related to biomechanical 
and muscular components and extrinsic factors such as the 
sudden increase in workloads and distances (11).
Iliotibial band syndrome is caused by repetitive flexion/
extension of the knee, resulting in friction between the distal 
portion of the ITB and the lateral femoral condyle. Orchard et 
al. (1996) described an “impingement zone” occurring at, or 
slightly below, 30° of knee flexion during foot strike and the 
early stance phase of running. During this impingement peri-
od in the running cycle, eccentric contraction of the tensor 
fascia latae muscle and of the gluteus maximus muscle causes 
the leg to decelerate, generating tension in the ITB (12).
Athletes with iliotibial band syndrome typically complain of 
a sharp or burning pain roughly 2 cm superior to the lateral 
joint line occurring during exercise in repeated knee exten-
sion flexion movements, stopping the activity (3).
Iliotibial band syndrome is a clinical diagnosis, and most 
often additional diagnostic studies are not necessary (2), 
especially after assessing a patient’s medical history. 
In 2019, a systematic review with meta-analysis on ITB 
Friction Syndrome to evaluate lower-limb biomechan-
ics and conservative treatment was conducted, however, 
this study considered MEDLINE, CINAHL, SPORTS-
Discus, Web of Science, and Google Scholar (13) using 
some not indexed database and evaluating different types 
of outcomes The aim of this review is to include studies in 
from indexed databases and to identify the most effective 
and used conservative treatments to improve the clinical 
condition of patients with iliotibial band syndrome. This 
will ideally lead to the elimination of painful symptoms 
and promote an early return to sports, directing work only 
towards physiotherapy rehabilitation. 

METHODS
The research group was composed of medical doctors and 
rehabilitation professionals from the Sapienza University of 
Rome and from the Rehabilitation and Outcome Measure 
Assessment (ROMA) Association, which conducted the 
study (14, 15, 24-28, 16-23).

Protocol and registration
After registering the protocol on Prospero, this review was 
conducted in compliance with Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
Checklist. The registration number of this systematic review 
is CRD42019135447, while the reference link is https://
www.crd.york.ac.uk/PROSPERO.

Eligibility criteria
Patients with iliotibial band syndrome were the participants 
in this research, without restrictions regarding age, sex, and 
sports practice. Experimental studies with or without a 
control group published in English before May 2020 about 
physiotherapy conservative treatments of iliotibial band 
syndrome have been included. The main outcomes are the 
improvement of the clinical condition, pain, and a return 
to the Activities of Daily Living (ADL) and sports activity. 
Observational studies and studies focused on surgical and 
invasive treatments have been excluded.

Search strategy
The following electronic databases were systematical-
ly searched from March to May 2020: Medline, PEDro, 
Scopus and Web of Science. The databases mentioned were 
consulted with the following keywords: “iliotibial band 
syndrome” and “iliotibial band friction syndrome”.

Study selection
Titles, keywords and abstracts identified through the data-
bases were screened independently by two reviewers/search-
ers. Duplicates were first eliminated from the total number 
of studies found in the literature through the four databas-
es. Subsequently, after reading the title and abstract, studies 
against the inclusion criteria were eliminated. The last selec-
tion process was carried out by reading the full text. After 
the first screening, the primary reviewer selected the rele-
vant studies and assessed them against the inclusion criteria. 
Then, a second reviewer cross-checked the studies. After 
the second screening, studies were systematically excluded 
that did not meet the inclusion criteria, while others were 
identified that appeared pertinent. A final list of studies that 
were eligible for inclusion was compiled, and any disagree-
ments were resolved by a third reviewer or by consensus. 
The studies that met the criteria were then subject to full 
text review in order to decide whether to include them in 
the review.
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Data collection and data items
Two reviewers independently extracted patient demograph-
ics and descriptive information. These characteristics were 
judged on the basis of information provided in the reports 
on the studies.

Assessment of risk of bias
The Randomized Controlled Trials (RCT)’s content and 
methodology were analysed qualitatively. Aspects of valid-
ity were defined, and a checklist was used to determine 
which aspects had been evaluated. Study quality and risk 
of bias were assessed using the Jadad scale and Pedro scale. 
Concerning the Jadad Scale, the total score can vary from 0 
to 5 and is considered to be a good quality RCT with a score 
≥ 3. The Pedro scale instead consists of 11 items.

RESULTS

Study selection
Starting from 1,653 articles, a total of 12 were included after 
the selection process was completed. This selection process 
is shown in the flowchart below (figure 1). 

Study characteristics
Twelve experimental studies were included in this systemat-
ic review. Three are RCT, three are pre-post-test and six are 
case reports and case series.
Being an overload disease, iliotibial band syndrome affects 
an active population, in most cases represented by runners. 
The majority of the participants were women, especially in 
the case reports and case series, while the male/female ratio 
was homogeneous in the case of pre-post tests and random-
ized clinical trials. The age of the participants varies from 
a minimum of 19 to a maximum of 43, with an average of 
about 33 years.
From the summary of the studies, several treatment modali-
ties used for this pathology have been found, many of which 
have demonstrated good results for reducing pain and 
encouraging a return to sports. In particular, the most used 
treatments were: muscle strengthening of the hip abduc-
tor, either as the main intervention (29-31) or as an integral 
part of the rehabilitation programme (7, 32-34), and manu-
al therapy techniques (7, 35-37). Other types of treatments 
were: use of shockwave physical therapy (7), correction of 
running biomechanics through targeted programs (33, 38), 
correction of malfunctioning muscle and joint downstream 
and upstream of the knee with a multifaceted approach 

Records identified through database searching (n = 1653)
(586 PubMed, 771 Scopus, 281 Web of Science, 15 PEDro)

Duplicate records (n = 1056)

Records screened (n = 597)
Records excluded 
after reading title 

and abstract (n = 561)

Articles excluded after 
reading full-text (n = 25)
(16 full-text not found, 
8 type of study design 

different from that forseen 
in the inclusion criteria, 

1 language other than English)

Full text articles assessed 
for eligibility (n = 36)

Studies included in this 
qualitative synthesis (n = 12)

Additional records identified 
through other sources (n = 0)

Figure 1. Flowchart of the included studies.
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Table I. Characteristics of the studies (RCT).
Authors Population Intervention Control Outcome Follow up Results

Zemadanis K, 
et al.

N° = 30
SG = 15
CG = 15
Post-
intervention 
participants:
SG = 15
CG = 15
Gender (M/F): 
SG = 6/9
CG = 7/8
Age:
SG = 33 (± 7)
CG = 30 (± 8)

6 sessions of 
Mobilization 
With Movement 
(MWM) in a 2 
weeks period (3 
sessions each week). 
The therapeutic 
protocol consisted 
of 5 pre-selected 
MWM techniques 
especially in weight-
bearing position in a 
dosage of 3 sets of 10 
repetitions (3X10).
In addition, self-
mobilization 
techniques at home 
2 to 3 times daily, 
during the 2 weeks 
study period in a 
dosage of 3x10.

Sham-form of the 
therapeutic protocol, 
guiding on the same 
movements by the 
participants, but 
without therapist’s 
mobilization force.  

Pain (Numeric 
Pain Rating Scale)

Functionality 
(Lower Extremity 
Functional Scale)

2 weeks Pain and 
functionality 
score differences 
between pre and 
post treatment 
measures were 
significant for 
MWM group, 
in contrast to 
SHAM group. 
Differences 
between 
groups were 
also significant, 
on dependent 
variables scores, 
at post treatment 
measurements

Weckstrom K,
et al.

N° = 24 
Gender 
(M/F): 14/10
Age: 
SG = 32 (± 10)
CG = 34 (± 6)
SG = 11
CG=13
Post-
intervention 
participants:
SG=11
CG=9

3 treatments of radial 
shockwawe therapy 
(RSWT) at weekly 
intervals. 
At each of the 
treatments a total 
of 4600 pulses 
were applied.

In addiction a 
strength exercise 
programme was used.

3 treatments of 
manual therapy at 
weekly intervals. 
Treatment procedure 
was initiated by 
massage of the ITB in 
a proximal to distal 
direction.
Trigger point therapy 
through ischemic 
compression was 
applied for the 3 
most painful points 
on the lateral thigh.

In addiction a 
strength exercise 
programme was used.

Total pain 
experienced 
during treadmill 
running was 
selected as 
the primary 
outcome measure. 
The secondary 
outcome 
measures were 
defined as the 
proportion 
of subjects 
performing 
a pain-free 
treadmill test.
 

4 weeks, 
8 weeks 
and 6 months

A significant 
decrease in a 
total pain (51%) 
was experienced 
by subjects in 
the SWT group 
in the period 
from baseline 
to week 4 and 
from baseline 
to week 8.
The control 
group showed 
a tendency for 
reduced pain 
(61%) from 
baseline to 
week 4 and 8.
When 
comparing MD 
of decrease in 
pain between 
the 2 groups, 
no significant 
differences 
was found.

N° = number; SG = sperimental group; CG = control group; M = male; F = female.

(34) and an osteopathic counterstrain technique (39). The 
characteristics of these studies that are more relevant to 

this review are included in the following tables (tables I, 
II, III, IV).
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Table II. Characteristics of the studies (pre-post test).
Authors Population Intervention Outcome Results
Fredericson M, et al. N° = 24

Gender (M/F): 14/10 
N° CG = 30
Gender (M/F): 16/14

6 weeks standardized 
rehabilitation program, 
once per week.
The therapy protocol 
consisted of local 
application of ultrasound 
with corticosteroid gel 
for the first one or two 
weeks, standard stretches 
of the ITB, and a strength 
exercise program (side-
lying hip abduction and 
pelvic drops).

Comparison of the force 
between the two limbs of 
the patients and with the 
control group using the 
hip abduction test with 
dynamometer (Nicholas 
Manual Muscle Tester) 
after rehabilitation period.

The results show a 
significantly improved 
difference in abductor 
strength between 
healthy limb and 
pathological limb 
at the end of the 
treatment period.
At 6 weeks, 22 of 
24 athletes were 
pain free and had 
started a return to 
running protocol; 
follow up by phone 
at 6 months found no 
recurrences of ITBS.

Beers A, et al. N° = 16
Gender (M/F): 5/11
Age: 20-53 (average 33.7)

The rehabilitation 
programme was focused 
on improving hip abductor 
strength 1 or 2 times per 
week for 6 weeks (side-
lying hip abduction 
exercise, a standing pelvic 
stabilization exercise and 
forward-backward lunges). 
2 ITB stretches and 
ultrasound are used.

Allan McGavin Health 
Status Index (AMI) for 
functionality and a hand-
held dynamometer for 
abductor strength.

Although not having 
a control group, 
this study shows a 
success in decreasing 
the differences in 
strength between the 
limb affected by ITBS 
and the healthy one, 
even if they can also 
be correlated with 
other factors.

SchwellnusM, et al. N° = 20
Participants who 
have competed the 
treatment = 17

Two groups (A and B), 
where compared to group 
B (treated with rest, ice, 
stretching and ultrasound) 
deep cross massage 
treatments are added 
to group A.
2 week 
rehabilitation period.

Pain scale was a visual 
analogue scale marked 
from 0 to 10 where 0 
represented no pain and 
10 unbearable pain.
Functional treadmill 
running tests were 
performed on days 0, 
3, 7 and 14.

There was a 
significant decrease 
in pain scores and in 
pain during running 
in both groups, 
but no significant 
difference was 
observed between 
the 2 groups.

N° = number; SG = sperimental group; CG = control group; M = male; F = female.
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Table III. Characteristics of the studies (case report and case series).

Authors Population Intervention Outcome Results
Shamus J, et al. N° = 2

Gender: F
Age: 36 and 41

Approach with a complete 
and general evaluation 
of the patient and an 
intervention based on 
the correction of the 
disfunctions found in the 
evaluation (neuromuscolar 
reeducation, detonification, 
muscle energy techniques, 
counterstrain techniques, 
muscle strengthening and 
stretching). 

Return to sport. This double case 
report demonstrates 
the effectiveness of 
a global and specific 
approach according to 
the patient’s muscular and 
joint dysfunctions and 
alterations.

Winslow J, et al. N° = 4
Gender: F 
Age: 
between 27 and 43

Patients were treated three 
times a week for three 
weeks and the sessions 
lasted approximately 40 
minutes. They received soft 
tissue mobilization only 
and were not given any 
exercises.

Functionality
(Lower Extremity 
Functional Scale, 
Global Rating of 
Change Scale).

At 4 weeks, 3 of the 
athletes were able to run 
on treadmill for three 
miles without having to 
stop due to lateral knee 
pain. The 3 athletes 
improved 9 to 19 points 
on the LEFS, 3 to 5 on 
the GRCS and improved 
in hamstring and ITB 
flexibility.

Darrel J, et al. N° = 1
Gender: F
Age: 36

Running gait retraining 
with step rate manipulation, 
increasing the subject’s 
running cadence from 168 
to 176 steps per minute 
(5% more or 8 more steps). 
Treatment also included 
iliotibial band flexibility and 
multi-plane eccentric lower 
extremity strengthening.

Pain (VAS), 
strength, 
functionality (LEFS) 
and improved 
running mechanics.

Running mechanics 
improved considerably at 
week 4 and at week 6 the 
patient is able to run long 
distances without pain. 
This case demonstrated 
that a 5% increased step 
rate above preferred along 
with a home exercise 
of strengthening and 
stretching improved 
running mechanics and 
reduced knee pain in a 
distance runner.

Pettitt R, et al. N° = 1
Gender: F
Age: 19

Neuromuscolar approach 
with muscle stretching and 
strengthening, massage, 
soft tissue mobilization, 
nonweightbearing 
and weightbearing 
therapeutic exercises and 
neuromuscolar electric 
stimulation.

Return to sport free 
of symptoms.

This type of intervention 
and neuromuscular 
approach allowed the 
return to sporting 
activity at the 10th week 
without symptoms.



35Muscles, Ligaments and Tendons Journal 2021;11 (1)

S. Miccio, A. BerArdi, M. TofAni, G. GAleoTo

Authors Population Intervention Outcome Results
Hunter L, et al. 9 real-time running-

retraining sessions in 4 
weeks were implemented 
based on the biomechanical 
alterations of the 
participant’s symptomatic 
lower limb, including 
pelvic and knee movement 
in the transverse plane, as 
well as foot movement in 
the frontal plane. Real-
time visual feedback of 
the pelvic-rotation angle 
was provided during the 
running-retraining sessions.

3-dimensional 
lower-extremity 
running kinematics, 
pain on a verbal 
analogue scale 
(VAS), functionality 
(LEFS) during 
running on a 
treadmill.

The real-time running-
retraining program 
improved pain while 
running, as well as 
function, and was 
effective in addressing the 
lower-limb biomechanical 
alterations of the knee 
and foot. 

Pedowitz R, et al. Osteopathic manipulative 
treatment (OMT) of 
counterstrain, 2 or 3 times 
per week for 2 weeks.

Questionnaire 
to complete on 
each day (on both 
treatment and 
nontreatment 
days) during the 2 
weeks treatment 
period. 12 question 
were listed about 
pain, application 
of treatment 
modalities, type 
of athletic activity 
performed, 
subjective responses 
concerning mood nd 
ability to sleep and 
perform activities of 
daily living.

During the treatment 
period, the patient rated 
his pain severity as 0. 
During the first follow up 
appointment, on day 21, 
he reported that he had 
been feeling well and had 
returned to his normal, 
full running activity by 
day 18. In the next 3 
weeks he had been free 
of pain, feeling happier 
overall and improved his 
ability to sleep at night 
and to perform the regular 
activities of daily life.

N° = number; SG = sperimental group; CG = control group; M = male; F = female.
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Table IV. Main treatment for conservative rehabilitation treatments of iliotibial band syndrome.

Type of study Authors Population Intervention
RCT Zemadanis K, et al. N° = 30

SG = 15
CG = 15
Post-intervention participants:
SG = 15
CG = 15
Gender (M/F): 
SG = 6/9
CG = 7/8
Age:
SG = 33 (± 7)
CG = 30 (± 8)

6 sessions of Mobilization With Movement 
(MWM) in a 2 weeks period (3 sessions each 
week). The therapeutic protocol consisted of 
5 pre-selected MWM techniques especially in 
weight-bearing position in a dosage of 3 sets of 10 
repetitions (3 x 10).
In addition, self-mobilization techniques at home 2 
to 3 times daily, during the 2 weeks study period in 
a dosage of 3 x 10.

RCT Weckstrom K, et al. N° = 24 
Gender (M/F): 14/10
Age: 
SG = 32 (±10)
CG = 34 (±6)
SG = 11
CG = 13
Post-intervention participants:
SG = 11
CG = 9

3 treatments of radial shockwawe therapy (RSWT) 
at weekly intervals. 
At each of the treatments a total of 4600 pulses 
were applied.

In addiction a strength exercise 
programme was used.

PRE-POST TEST Fredericson M, et al. N° = 24
Gender (M/F): 14/10 
N° CG = 30
Gender (M/F): 16/14

6 weeks standardized rehabilitation program, 
once per week.
The therapy protocol consisted of local application 
of ultrasound with corticosteroid gel for the first 
one or two weeks, standard stretches of the ITB, 
and a strength exercise program (side-lying hip 
abduction and pelvic drops).

PRE-POST TEST Beers A, et al. N° = 16
Gender (M/F): 5/11
Age: 20-53 (average 33.7)

The rehabilitation programme was focused on 
improving hip abductor strength 1 or 2 times 
per week for 6 weeks (side-lying hip abduction 
exercise, a standing pelvic stabilization exercise 
and forward-backward lunges). 2 ITB stretches and 
ultrasound are used

PRE-POST TEST Schwellnus M, et al. N° = 20
Participants who have competed 
the treatment = 17

Two groups (A and B), where compared to group 
B (treated with rest, ice, stretching and ultrasound) 
deep cross massage treatments are added 
to group A.
2 week rehabilitation period.

Case series  Shamus J, et al. N° = 2
Gender: F
Age: 36 and 41

Approach with a complete and general evaluation 
of the patient and an intervention based on 
the correction of the disfunctions found in 
the evaluation (neuromuscolar reeducation, 
detonification, muscle energy techniques, 
counterstrain techniques, muscle strengthening and 
stretching). 

Case series Winslow J, et al. N° = 1
Gender: F 
Age: between 27 and 43

Patients were treated three times a week for three 
weeks and the sessions lasted approximately 40 
minutes. They received soft tissue mobilization 
only and were not given any exercises.
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Risk of bias within studies
Study quality and risks of bias were assessed using the Jadad 
scale and Pedro scale. In general, the two RCTs showed 
good quality, confirmed by the scales used. In fact, Weck-
strom’s study (7) obtained scores of 3/5 in the Jadad scale 
and 7/11 in the Pedro scale. The study of Kostantinos et al. 
(37) obtained scores of 5/5 and 9/11, respectively.

DISCUSSION
Iliotibial band syndrome is one of the most common injuries 
to the lower extremities of runners and other athletes. The 
syndrome accounts for almost 12% of all reported over-
use injuries in runners (39). However, it is associated with 
a variety of activities, including cycling, hockey, swimming, 
rowing, basketball, tennis and soccer (5, 6).
The aim of this research is to analyse studies with conser-
vative physiotherapy treatments in order to identify the 
most effective ones, with the ultimate goal of reducing the 
suspension time of athletes’ sports activity. In fact, numer-
ous athletes are forced to interrupt their practice for too 
long because of iliotibial band syndrome. Only rehabilita-
tion studies have been included in this review: articles on the 
use of anti-inflammatories (35, 40), and invasive treatments 
such as corticosteroid injections (41) have been excluded.

Type of study Authors Population Intervention
Case report Darrel J, et al. N°=1

Gender: F
Age: 36

Running gait retraining with step rate 
manipulation, increasing the subject’s running 
cadence from 168 to 176 steps per minute (5% 
more or 8 more steps). Treatment also included 
iliotibial band flexibility and multi-plane eccentric 
lower extremity strengthening.

Case report Pettitt R, et al. N° = 1
Gender: F
Age: 19

Neuromuscolar approach with muscle stretching 
and strengthening, massage, soft tissue 
mobilization, nonweightbearing and weightbearing 
therapeutic exercises and neuromuscolar electric 
stimulation.

Case report Hunter L, et al. N° = 1
Gender: F 
Age: 38

9 real-time running-retraining sessions in 4 weeks 
were implemented based on the biomechanical 
alterations of the participant’s symptomatic lower 
limb, including pelvic and knee movement in the 
transverse plane, as well as foot movement in the 
frontal plane. Real-time visual feedback of the 
pelvic-rotation angle was provided during the 
running-retraining sessions.

Case report Pedowitz R, et al. N° = 1
Gender: M
Age: 30

Osteopathic manipulative treatment (OMT) of 
counterstrain, 2 or 3 times per week for 2 weeks.

N° = number; SG = sperimental group; CG = control group; M = male; F = female.

In the acute initial phase, treatment is based on manage-
ment and reduction of inflammation, during which physical 
activity is suspended and rest and ice are recommended (39, 
40, 42). Some authors considered the use of physical thera-
py, specifically ultrasound, in the first part of the rehabilita-
tion programme (35, 42). In an RCT, Weckstrom and Soder-
strom compared two treatment protocols for iliotibial band 
syndrome (ITBS): radial shockwave therapy (RSWT) and 
manual therapy (ManT), highlighting an important reduc-
tion of pain, without, however, obtaining significant differ-
ences between the two groups (7). 
We can safely assert that it is important in the acute phase 
to treat symptoms and inflammation by suspending sports 
(or, at minimum, by reducing running distances), using ice, 
taking anti-inflammatory drugs (on advice of a doctor or 
orthopaedic specialist) and resorting to instrumental phys-
ical therapy.
In the subacute phase, techniques of muscle stretching are 
introduced (1, 42) for obtaining the second goal of the reha-
bilitation programme: to identify the cause of the irrita-
tive and inflammatory process in the insertion of iliotibial 
band (ITB). In this case, an accurate medical history and 
a complete assessment of the patient are important. In a 
double case report, Jennifer and Erik Shamus have orient-
ed their treatment on the correction of joint and muscular 
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dysfunctions found at the proximal and distal levels with 
neuromuscular re-education, detonification, muscle ener-
gy techniques, counterstrain techniques, muscle strength-
ening and stretching (34). This represented the only study 
with joint mobilization techniques such as hight velocity, 
low amplitude (HVLA) in the context of a global approach, 
until Zemadanis and Betsos treated ITBS in 2017 with 
manual therapy techniques. Mulligan techniques of mobi-
lization with movement (MWM) were used, focusing atten-
tion on knee and hip movements, in motions contrary to 
those that according to the literature lead to an increase 
in tension on the ITB adduction of hip and knee rotation 
(37). In this RCT, a two-week treatment was carried out 
with three sessions per week, using five Mobilization With 
Movement (MWM) techniques in three sets of ten repeti-
tions, compared with a control group that performed the 
same movements as the experimental group but without 
the mobilization of the therapist. The results demonstrate 
significant improvements in the Numeric Pain Rating Scale 
(NPRC) and Lower Extremity Functional Scale (LEFS) 
scales compared to T0 and significant differences compared 
to the control group.
Many authors have found a correlation between hip abductor 
weakness and ITBS, focusing their rehabilitation programmes 
on muscle strengthening as the main intervention (30, 42) or 
as an integral part of the rehabilitation programme (7, 32-34).
Manual therapy is another possible solution to treatment. 
Soft tissue mobilization is a potential technique described 
in a study with four athletes. The results showed significant 
improvements in the LEFS and Global Rating of Change 
Scale (GRCS) scales at a four-week follow-up (Winslow, 
2014). In another study, two groups were compared, in 
which group A received, in addition to the basic protocol 
of group B with rest, ice, stretching and ultrasound, deep 
transverse massage treatment. The report did not highlight 
significant differences between the two groups (35). Other 
manual therapy treatments are present in the Weckstrom 
study in the control group with massage and ischemic 
compression of the trigger points, with statistically signif-
icant improvements (7). Another study including manual 
therapy techniques and that has obtained statistically signif-
icant positive results is the one mentioned previously with 
Mulligan techniques from Zemadanis and Betsos (37).
Some authors have focused solely on running. In a study 
conducted by Darrel J. Allen (2014) (33), the goal was to 
increase the frequency of steps per minute up to 176/min, 
indicated as ideal in a study by Heiderscheidt et al. (2011) 
to not overload the knee and improve running mechanics. 
Another study aimed at correcting the mechanics of the race 
was conducted by Hunter and colleagues, correcting the 
aberrations that emerged during observation and evaluation 

of the videos through verbal and visual feedback (38). Both 
studies achieved good results, leading to an improvement in 
pain symptoms (VAS) and functionality (LEFS) and facili-
tating the return to sports.
An interesting study is the one conducted by Pedowitz, 
who, in the context of a case report, has achieved significant 
improvements in pain thanks to osteopathic manipulative 
treatment with the use of the counterstrain technique (39).
Finally, in the most recent RCT, conducted by McKay et al. 
on female runners, patients were divided into three equal 
treatment groups: ITB stretching, conventional exercise, 
and experimental hip strengthening exercise. Numeric pain 
rating scale, lower extremity functional scale, dynamome-
ter, and Y-balance testTM were evaluated. Authors found no 
statistical differences between the three groups. The subjects 
who underwent experimental hip strengthening exercises 
consistently showed improvements in outcome measures, 
and never scored less than the other two groups (31).

Limitations
The limitations of this study concern several factors, the 
main one being the reduced number of randomized clini-
cal trials found in the literature, which moreover have a low 
sample number of patients. The two trials included in the 
review did not lead to a quantitative study, as the two stud-
ies do not present a common measurement of the outcome. 
Another limitation is the presence of numerous case reports 
and case series, which, although providing important infor-
mation for the purposes of rehabilitation treatment, do not 
represent significant and relevant studies. Moreover, papers 
for a quite common syndrome are few to give frank conclu-
sions even because the treatment are different and variable 
and some studies published after search strategy have not 
been considered (31, 43, 44). Finally, a division between 
proximal and distal cases was not made, future studies 
could consider this distinction.

CONCLUSIONS
Based on the studies included in this review, the validity and 
efficacy of the conservative rehabilitation treatment of ITBS 
has been demonstrated.
More precisely, as regards the acute phase and the manage-
ment of pain and inflammation, the most relevant study, being 
a randomized clinical trial, was the one conducted by Weck-
ström (7) and colleagues on the use of shockwaves. Obviously, 
in this phase, rest and the use of ice are strongly recommended.
In the subacute phase, the same rehabilitation programme 
was focused on improving hip abductor strength and 
improving the elasticity of TFL. 
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Manual therapy techniques are present and have led to posi-
tive results. The most relevant study, based on the pyramid 
of evidence, was a randomized clinical trial conducted by 
Zemadanis and Betsos (37) who proposed the use of Mulli-
gan techniques on hips and knees.
The other studies in this review, although having provid-
ed important information for the efficacy of the treatment, 
need to be expanded to include larger samples and control 
group comparisons to increase the number of studies pres-
ent in the literature and subsequently facilitate a quantita-
tive assessment. This new research would help in the iden-
tification of the best rehabilitation intervention for patients 
with ITBS and could promote an early return to sports 
activity by reducing suspension time, which is the main 
problem for athletes who are affected by this pathology. 
The study meets the ethical standards of the journal (45).
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SUMMARY
Background. There is a lack of scientific literature assessing the impact of a combination of 
Muscle Energy Technique (MET) and Trigger Point Therapy (TPT) on biophysical param-
eters in a group of asymptomatic people with latent trigger point.
Methods. The research group consisted of 60 right-handed, asymptomatic students with a 
latent trigger point on the upper trapezius muscle, practising amateur symmetrical sports. 
The study used MyotonePRO to assess the tone, stiffness and elasticity of the upper trape-
zius muscle. Volunteers were randomly divided into three research groups, depending on 
the applied therapeutic method: 1) MET + TPT; 2) MET; 3) TPT. All patients underwent 
only one treatment of the selected therapeutic method. Measurements were made in three 
time intervals (before, after and on the second day after therapy).
Results. Each of the performed therapies resulted in a reduction of muscle tone and stiff-
ness of both trapezius muscles and an increase in the elasticity of both muscles. However, a 
statistically significant change (α ≤ 0.01) in all myotonic features examined concerned only 
the right trapezius after the combination of MET and TPT.
Conclusions. The advantage of combined MET + TPT therapy may result from the bene-
fits of combining methods with different therapeutic foundations.
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biophysical parameters.
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INTRODUCTION
Muscle Energy Techniques (METs) can be defined as a 
group of soft tissue manipulation methods. All of them are 
characterized by cooperation on the part of the patient, 
precise management and control by the therapist as well 
as isometric contraction and/or isotonic movement (1). 
METs are multi-task techniques that can be performed to 
improve the function of the musculoskeletal system and 
reduce pain (2). They allow strengthening (3), relaxing 
and restoring the elasticity of specific muscles (4). They 
can affect the restoration of the range of motion in indi-
vidual joints (5-7). They lead to the improvement of local 
soft tissue circulation and affect proprioceptive re-educa-
tion (1). It is believed that neurological and biomechanical 

mechanisms, such as hypoalgesia, motor programming and 
control, reflex muscle relaxation, viscoelastic and plastic 
tissue property, autonomic-mediated change in extracel-
lular fluid dynamics and fibroblast mechanotransduction, 
play a key role here (1). METs are used by clinicians who 
treat various myofascial and joint disorders, and also as a 
form of prevention against dysfunctions and as protection 
of the musculoskeletal system (1).
Trigger point therapy (TPT) uses manual techniques such as 
ischaemic compression (IC) (8), positional release (PR) (8), 
deep dry needling (DDN) (9) and soft tissue manipulations 
(8). Their main purpose is to reduce or eliminate the symp-
toms generated by myofascial trigger points (TrPs), which 
are defined as severely irritated areas within the hypertonic 
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muscle fibre band or the fascia itself (10). They are charac-
terized by specific soreness during palpation and can gener-
ate radiating pain (according to the muscle-specific pattern), 
a limitation of the range of motion, weakness of muscular 
strength and various vegetative reactions, which may have a 
negative impact on the performance of various motor activi-
ties (10). TrPs can lead to disorders related to propriorecep-
tion and thus affect the kinematics of the cervical spine (11). 
A particularly sensitive indicator is the limitation of lateral 
flexion, which clearly correlates with neck pain (11). It is 
believed that the formation of TrPs is caused by a disturbed 
muscle blood supply, which in turn leads to a reduction 
in the supply of oxygen and nutrients (12). This happens 
due to various micro injuries and loads of the musculo-
skeletal system due to incorrect positions and movement 
patterns (12).
In the clinical classification, we distinguish active and 
passive (latent) trigger points (10). The first type can 
generate specific pain familiar to the patient. They have 
a characteristic pattern for each muscle. Latent TrPs are 
described as those that do not generate symptoms on their 
own. However, they can cause referred pain at the time of 
provocation, i.e. pressure at the place of their occurrence 
(13). Patients with latent TrPs may be unaware of their 
presence. They can lead to a decrease in muscle strength 
and an increase in muscle tone (13). Distinction between 
trigger point types is possible when performing various 
diagnostic procedures. In these types of cases, anamne-
sis and provocation tests may be useful in a clinical exam-
ination (14). It is believed that in the area of the shoul-
der girdle, TrPs most often occur on the upper trapezius 
muscle and may be closely related to various myofascial 
ailments of this area of the body (14).
The main objective of this study was to evaluate the effec-
tiveness of a therapy that is a combination of Muscle 
Energy Technique (MET) and TPT, performed bilater-
ally on the upper trapezius muscle in a group of asymp-
tomatic persons with latent TrPs. The study was carried 
out to examine whether a one-time therapy affects the soft 
tissue biophysical parameters (tone, elasticity and stiff-
ness) in the area of upper trapesius muscle. In the scientif-
ic literature there are no reports on the assessment of the 
combination of MET with TPT. There are also no studies 
focused on changes in soft tissue biophysical parameters as 
a result of the proposed therapy. The experiment carried 
out has therefore an innovative character. Furthermore, an 
additional objective was to compare the efficacy of three 
therapies used − a combination of MET with TPT, MET 
alone, and TPT alone − which were made to both sides 
of the upper trapezius muscle in a group of asymptomatic 
students with latent TrPs.

MATERIALS AND METHODS
A randomized clinical tral consisted of assessing the effects 
of three different physiotherapeutic interventions. Randomly 
(sampling frame), participants were assigned to three differ-
ent research groups (MET + TPT, MET and TPT). The study 
was of a parallel nature. The same person − a physiotherapist 
with 10 years of experience − was responsible for perform-
ing diagnostics and all types of therapeutic interventions. The 
blinded researcher did not know which experimental group 
the subjects belonged to. All measurements and interventions 
were carried out in the same place, the Department of Biology 
and Anatomy at the Poznan University of Physical Education.

Participants
The study involved 60 volunteers who were selected from 
first-year students at the Poznan University of Physical 
Education. They were right-handed people and practised 
amateur symmetrical sports (swimming, running, cycling, 
gym, roller skating). All subjects were asymptomatic (with-
out pain symptoms of the cervical segment and shoulder 
girdle) and were characterized by a latent trigger point (TrP) 
on the upper trapezius muscle. The exact characteristics of 
the research material are presented in table I.
Disqualification criteria included: age above 21 years; no 
latent TrP on the upper trapezius muscle; pain in the cervi-
cal spine or shoulder girdle; any neurological symptoms in 
the upper limb; previous operations on the cervical spine or 
shoulder girdle; professional sports; practising asymmetrical 
sports. The exact flow of subjects through all stages of the 
study is shown in figure 1.
Diagnosis of latent TrP was performed with the subject in the 
supine position. Using a pincer grip, the therapist performed 
palpation in the area of   the entire upper trapezius. The test 
for the presence of TrP could be considered positive at the 
time when the following were noted: 1) the presence of a 
detectable strained band in the skeletal muscle; 2) the pres-
ence of an excessively sensitive area in the strained muscle 
band; 3) a local vibration response caused by compression of 
the strained band; 4) the occurrence of characteristic trans-
ferred symptoms (pain radiating to the posterior−lateral side 
of the neck, and/or mastoid process of the temporal bone, 
or/and the area of   the temporal bone, and/or the angle of the 
jaw) as a result of compression of the hypersensitive muscle 
band. The examination was performed on both sides of this 
muscle. If during a palpation a given person felt the symp-
toms described above, but they were not known to them 
before (i.e. they did not feel them in everyday life), it was 
considered that there was a latency trigger point. The above 
criteria during palpation, conducted by an experienced clini-
cian, guarantees high reproducibility of measurements (10).
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Table I. Basic characteristics of the research groups.

Parameter Category Group MET+TPT Group MET Group TPT
N % N % N %

Age 
[years]

19 4 20 2 10 2 10

20 15 75 16 80 17 85

21 1 5 2 10 1 5

Gender men 10 50 12 60 14 70

women 10 50 8 40 6 30

Weight [kg] 60-70 7 35 8 40 6 30

71-80 7 35 8 40 7 35

81-90 4 20 3 15 5 25

91-100 2 10 1 5 2 10

Height [cm] 160-170 6 30 6 30 5 25

171-180 9 45 11 55 10 50

181-190 5 25 3 15 5 25

BMI
[kg/m2]

17-18.5 0 0 0 0 0 0

18.5-25 20 100 20 100 20 100

25-30 0 0 0 0 0 0

Physical activity 1 x a week 5 25 2 10 6 30

2 x a week 12 60 13 65 10 50

3 x a week 3 15 5 25 4 20
MET + TPT-combination of Muscle Energy Technique and trigger point therapy; MET-single MET method; TPT-single TPT method.

Figure 1. Diagram showing the flow of subjects through the various stages of the study.
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Therapeutic interventions

Muscle Energy Technique (MET)
The contract-relax-agonist-contract (CRAC) technique 
was used on the upper trapezius muscle (on both sides). 
The participant was in the supine position. Then, the ther-
apist set the cervical spine in the lateral flexion (opposite 
direction to the relaxant muscle) to the extent that slight 
soft tissue tension was felt (figure 2). In the case when 
the subject did not feel any symptoms of discomfort on 
the part of the engaged muscle, the therapist proceeded 
to perform the technique. It consisted of two stages. In 
the first (so-called ‘tension phase’), the upper trapezius 
muscle was activated (shoulder girdle elevation) against 
the therapist’s resistance. The duration of the contraction 
was 10 seconds. The therapist who performed the tech-
nique generated resistance of about 20-30% of the partic-
ipant’s maximum muscle strength. The resistance was 
acceptable to the subject (there could be no muscle vibra-
tion as this would indicate too much resistance). Then the 
participant took a deep breath in and out, which promot-
ed relaxation and was followed by 10 seconds of antago-
nist group tension (lowering of the shoulder girdle). Then 
the therapist slightly moved the shoulder girdle of the 
subject towards the depression so that it did not cause any 
discomfort. Then followed the second stage (relaxation 
phase), during which the subjects were passively lying on 
their back for 30 seconds and the therapist maintained this 

new position of the shoulder girdle. Both phases: tension 
and relaxation made up the therapeutic cycle. During the 
proposed MET therapy, 5 cycles were performed on each 
side of the upper trapezius.

Trigger point therapy (TPT)
The positional release technique (PR) was used, which 
consisted of compressing the place of occurrence of the trig-
ger point with the simultaneous shortening of muscle attach-
ments (slight lateral flexion towards the relaxed muscle) 
(figure 3). The muscle on both sides underwent therapy. 
The pressure was acceptable to the patient. The duration of 
the technique was 2 minutes for each muscle.

Combination of MET and TPT 
For this type of intervention, TPT was first performed on 
both sides of the upper trapezius, followed by MET, which 
was also performed bilaterally. The method of performing 
the therapeutic techniques used for the combined proce-
dure was identical to the single methods (description above).

Measurement method - Myotonometry
In order to examine the biophysical parameters of soft 
tissues, i.e. muscle tone (F) [Hz], stiffness (S) [N/m] and 
elasticity (D) [no unit], a MyotonPRO was used. Measure-
ments were made on the upper trapezius at the point locat-
ed in the middle of the section between the C7 spinous 

Figure 2. Method of applying MET on the left upper trape-
sius muscle (own material).

Figure 3. Method of applying TPT on the left upper trapesius 
muscle (own material).
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process and the shoulder angle of the acromion. During 
the measurements, the subject was lying down. The 
pattern composer was programmed as follows: Tap time: 
15 ms, Interval: 0.8 s, mode: multiscan (5 repetitions). The 
MyotonPRO is a reliable and repeatable tool for measuring 
biophysical parameters of superficial soft tissues (15-19).
All measurements were made at three time intervals: before 
therapy; after therapy; and on the second day after therapy. 

STATISTICAL METHODS
The collected data were analysed in the statistical program 
Statistica version 13. In order to examine the impact of the 
studied therapeutic methods on the measured quantitative 
variables, an analysis of variance with repeated measure-
ments was carried out, as well as a number of comparisons 
with the Student’s-t mean test against a constant reference 
value. To counteract the problem of multiple comparisons, 
the Bonferroni correction was applied.

ETHICS
Participation in the study was voluntary, unpaid and fully 
anonymous. Participants could opt out of the study at any 
phase. To conduct the study, the permission of the Bioeth-
ics Committee in Poznan University of Medical Sciences 
(Approval Number: 232/20), informed consent of the partic-
ipants and clinical trial registration number (NCT04360668) 
were obtained.. The research was conducted in accordance 
with international recommendations in clinical science and 
meets the ethical standards of the MLTJ journal (20).

RESULTS
In order to determine the impact of three compared thera-
peutic methods (MET + TPT, MET, TPT) on the values   of 
biophysical parameters (muscle tone, stiffness, elasticity) of 
the soft tissues of the upper trapezius muscle, a measure-
ment of these features was made immediately before each 
therapy (Pre), immediately after performed therapy (Post) 
and the next day (Follow-up). By following the results of the 
analysis of variance for repeated measurements (in which the 
therapy method and repeated measurements were a factor), 
a statistically significant difference was noted between the 
measurements made before, immediately after and one day 
after the therapy used for muscle tone, stiffness and elastic-
ity of the right trapezius muscle and the muslce tone and 
stiffness of the left trapezius muscle (table II). On the other 
hand, no significant differences in the tested myotonomet-
ric parameters were noted, depending on the therapeu-
tic method used and the interaction between the therapy 
method and repeated measurements (table II). The result-
ing eta-squared values   indicate that the factor, measurement 
over time (Pre, Post, Follow-up), most strongly affects the 
muscle tone and soft tissue stiffness of the right trapezius 
muscle, explaining as much as 30% and 23% variability of 
these parameters (table II).
In addition, the size of the examined biophysical features 
of the upper trapezius muscle before therapy, immediately 
after the therapy and the next day, depending on the meth-
od of therapy used (MET + TPT, MET, TPT) (figures 4-9), 
is presented in graphical form. The figures show the impact 
of all the therapies used immediately after their perfor-
mance on the biophysical features of the trapezius; however, 

Table II. Summary of results of ANOVA variance analysis with repeated measurements for biophysical features (muscle tone - 
F; stiffness - S; elasticity - D) of soft tissues of the upper trapezius muscle on both sides.

Variable Method (MET + 
TPT, MET, TPT)

R (Pre, Post, 
Follow-up)

R*Method

p η2 p η2 p η2

Right trapezius muscle 

F 0.9578 0.0015    0.0000** 0.2992 0.7146 0.0185

S 0.9781 0.0008     0.0000 ** 0.2278 0.8485 0.0121

D 0.4235 0.0302   0.0054 * 0.0889 0.7159 0.0185

Left trapezius muscle

F 0.7732 0.0091     0.0001** 0.1458 0.8441 0.0123

S 0.8918 0.0041   0.0181* 0.0691 0.9989 0.0009

D 0.5336 0.0222 0.0594 0.0492 0.7474 0.0170
R (Pre, Post, Follow-up) - measurement in time (immediately before, immediately after and 1 day after therapy); R*Method - interaction between measure-
ments (Pre, Post, Follow-up) and factor therapy method (MET + TPT, MET, TPT); η2 - eta-partial square; p - test probability; ** significant differences 
at the level p ≤ 0.01.
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Figure 4. Mean muscle tone 
(F) values of the right upper 
trapezius muscle before the 
therapy (Pre); immediate-
ly after the therapy (Post); 
and the next day (Follow-up) 
for each of the performed 
therapies (MET + TPT, MET, 
TPT). The vertical bars indi-
cate the 95% confidence 
interval for the mean.

Figure 5. Mean stiffness (S) 
values of the right upper 
trapezius muscle before the 
therapy (Pre); immediate-
ly after the therapy (Post); 
and the next day (Follow-up) 
for each of the performed 
therapies (MET + TPT, MET, 
TPT). The vertical bars indi-
cate the 95% confidence 
interval for the mean.
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Figure 6. Mean elasticity 
(D) values of the right upper 
trapezius muscle before the 
therapy (Pre); immediate-
ly after the therapy (Post); 
and the next day (Follow-up) 
for each of the performed 
therapies (MET + TPT, MET, 
TPT). The vertical bars indi-
cate the 95% confidence 
interval for the mean.

Figure 7. Mean muscle tone 
(F) values of the left upper 
trapezius muscle before the 
therapy (Pre); immediate-
ly after the therapy (Post); 
and the next day (Follow-up) 
for each of the performed 
therapies (MET + TPT, MET, 
TPT). The vertical bars indi-
cate the 95% confidence 
interval for the mean.
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Figure 9. Mean elasticity 
(D) values of the left upper 
trapezius muscle before the 
therapy (Pre); immediate-
ly after the therapy (Post); 
and the next day (Follow-up) 
for each of the performed 
therapies (MET + TPT, MET, 
TPT). The vertical bars indi-
cate the 95% confidence 
interval for the mean.

Figure 8. Mean stiffness 
(S) values of the left upper 
trapezius muscle before 
the therapy (Pre); imme-
diately after the therapy 
(Post); and the next day 
(Follow-up) for each of the 
performed therapies (MET 
+ TPT, MET, TPT). The 
vertical bars indicate the 
95% confidence interval 
for the mean.
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the effect caused by the following day therapies was dimin-
ishing. The analysis of the presented graphic images indi-
cates that among the methods used, the combination of the 
MET + TPT therapy had the greatest impact on the changes 
in myotonometric parameters (figures 4-7, 9).
In order to determine the effectiveness of the applied ther-
apeutic methods, the differences between the measure-
ments were compared: (Post−Pre), (Follow-up−Pre) and 
(Follow-u−Post) within each of the performed therapies. 
These differences were determined using the mean test 
against a constant reference value (table III). To counter-
act the problem of multiple comparisons, the Bonferroni 
correction was applied, which reduced the nominal level of 
significance of each set of related tests in direct proportion 
to their overall number. Taking into account the Bonferroni 
correction, the nominal significance level α of each of the 
related tests had to be divided by 3. And so: for the level of 
0.01, p < 0.003333 is required, for the level of significance 
0.05 − p < 0.016667, and p < 0.03333 refers to the signifi-
cance level of 0.1. 
Each of the performed therapies resulted in a reduction of 
muscle tone and stiffness of both the right and left trapezius 
muscles and an increase in the elasticity of both muscles. 
However, a statistically significant change at the significance 
level α ≤ 0.01 in all myotonic features examined concerned 
only the right trapezius after the combination of MET and 
TPT. Other therapies significantly affected only the muscle 
tone and stiffness of the right trapezius, TPT therapy at α 
≤ 0.01, and MET therapy at α ≤ 0.05. On the left, changes 
in the biophysical parameters of the trapezius muscle were 
smaller (table III). In the case of combined therapy, signif-
icant changes at the α ≤ 0.05 level concerned the stiffness 
and elasticity of the upper left trapezius, and TPT therapy 
at the α ≤ 0.01 level significantly reduced the muscle tone 
(table III).

DISCUSSION
In the scientific literature there is a small amount of work 
focused on assessing the impact of MET and TPT on the 
biophysical parameters of soft tissues. It should be empha-
sized that there are several types of therapeutic methods 
listed above. In the case of MET, the agonist-contract (AC) 
technique is most often tested. Undoubtedly fewer articles 
relate to the contract-relax-agonist-contract (CRAC) tech-
nique (used in the present study) which, in addition to acti-
vating agonist muscle, also uses the work of the antagonistic 
muscle group. This type of technique uses both postisomet-
ric relaxation, as in the case of the AC technique, and in 
addition the mechanism of reciprocal inhibition. There are 
no scientific papers that would assess the impact of CRAC 

on soft tissue biophysical parameters. Research related to 
assessing the effectiveness of trigger point therapy most 
often concerns the technique of ischaemic compression (IC). 
Undoubtedly, less research focuses on positional release 
(PR), where, in addition to the pressure of the trigger point 
occurrence area, the shortening of the muscle undergoing 
therapy is applied by bringing its attachments closer togeth-
er. There are no scientific papers describing the impact of 
PR technique on the biophysical parameters of the trapezius 
muscle. There are also no reports in the scientific literature 
on the impact of the combination of MET and TPT in the 
context of changes in the biophysical parameters (muscle 
tone, stiffness and elasticity) of the trapezius muscle in the 
group of young asymptomatic people diagnosed with occur-
rence of a latent trigger point.
The study showed clear changes in biophysical parameters 
of soft tissues due to the use of MET + TPT combined ther-
apy. A significant reduction in muscle tone (F) was noted 
for the upper right trapezius (p < 0.001). The stiffness (S) of 
the soft tissues examined significantly decreased in the right 
muscle area (p < 0.001). Elasticity (D) increased in the right 
(p < 0.001) and left (p < 0.05) upper trapezius. In the case 
of the other two research groups (MET, TPT), significant 
changes in the biophysical parameters of the upper trape-
zius were also noted mainly on the right side. The inter-
group analysis showed no differences between all the ther-
apies studied. Nakamura et al. (21) believe that stretching 
techniques that reduce the soft tissue stiffness parameter 
also increase the range of motion in an adjacent joint. The 
MET affects the stretching of soft tissue myofascial anatom-
ical structures. It is believed that neurological and biome-
chanical mechanisms, such as hypoalgesia, motor program-
ming and control, reflex muscle relaxation, viscoelastic 
and plastic tissue property, autonomic-mediated change in 
extracellular fluid dynamics and fibroblast mechanotrans-
duction, play a key role here (1). Subject experts believe that 
the occurrence of trigger points may increase the stiffness of 
adjacent soft tissues (22). The effect of TPT on the biophys-
ical parameters of the upper trapezius is probably possible 
due to the lengthening of the sarcomeres of muscle fibres 
subjected to the compression technique and the improve-
ment of local tissue circulation, which may be disturbed 
due to the trigger point (1). The largest statistical changes 
in the intra-group analysis were recorded in the group that 
received the combined therapy. This effect may result from 
the benefits given by these two (completely different from 
each other) methods carried out together. In the scientific 
literature there are only a few research papers assessing the 
impact of the therapies we have studied on the biophysi-
cal parameters of soft tissues. No scientific work has been 
found investigating the effects of the proposed combined 
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MET + TPT therapy in the context of muscle tone, stiffness 
and elasticity changes within the upper part of the trape-
zius muscle. 
Kisilewicz et al. (23) in 2018 examined the effectiveness of 
ischaemic compression treatment on the biophysical param-
eters of the trapezius muscle in a group of 12 profession-
al basketball players. There was a significant (p < 0.05) 
decrease in stiffness parameter by 11, 8% in the area of   the 
upper trapezius muscle, due to the application of one treat-
ment. This indicator did not change in the area of   the trans-
verse and lower parts of this muscle. The authors conclude 
that this could be due to the sport being trained, which forc-
es excessive activation of the upper muscle, combined with a 
reduced motor control of the lower parts (23). In our study, 
we noted a stiffness reduction in the upper right trapezius 
by 6.4% (p < 0.001) and the left by 3.8% (p < 0.05), as 
a result of combined MET + TPT therapy. In the case of 
groups that received single TPT or single MET methods, 
the change in this indicator was smaller, but also statisti-
cally significant on the right side. The differences between 
the described studies may result from different research 
groups. Kisilewicz et al. (23) examined a group of profes-
sional athletes who were subjected to specific loads during 
sports training. In our study, the research group was made 
up of young, sports-active people, but they were not profes-
sional athletes. It should also be noted that Kisilewicz et al. 
(23) used TPT in the form of ischaemic compression, while 
in our study we used another variation − positional release. 
These important facts may have affected the differences in 
results obtained. Kisilewicz et al. (23) did not investigate the 
other biophysical parameters of the trapezius muscle, such 
as muscle tone and elasticity.
Kisilewicz et al. (24) in 2018 published another paper 
describing changes in the stiffness parameter as a result 
of MET application (AC technique). The research group 
consisted of 18 athletes practising various sports. The 
study aimed to assess changes in calf-muscle stiffness 
after eccentric exercise, followed by one MET treatment. 
As a result of the eccentric effort applied, the calf muscle 
stiffness in the right (p < 0.001) and left limb (p < 0.05) 
increased significantly. MET application caused a signif-
icant decrease (p < 0.001) in this variable (24). In the 
study we conducted, there was a significant reduction (p 
< 0.001) in stiffness due to the application of combined 
therapy in the area of   the right side of the upper trapezius. 
In the case of the left side of the muscle, this indicator also 
decreased, but at the significance level p < 0.05. A simi-
lar but slightly smaller effect was noticed in the group to 
which single MET therapy was applied. Kisilewicz et al. 
(24) performed MET only on the right calf of all subjects. 

We do not know whether their effect would be identical 
on the other leg. The results of our study suggest that there 
may be differences in changes in stiffness due to the appli-
cation of the described therapeutic methods, depending 
on the dominant side. Kisilewicz et al. (24) applied MET 
after the previous eccentric training. In our experiment, 
the tested persons were not subjected to any addition-
al loads. Despite these differences, both studies support 
the use of MET to reduce muscle stiffness. The results of 
our study suggest that MET can be combined with other 
methods to improve muscle biophysical parameters, such 
as muscle tone, stiffness and elasticity.
There are reports in the scientific literature on combining 
therapeutic methods (25, 26). Yeganeh Lari et al. (25), in 
their work on the effectiveness of the combination of MET 
with dry needling, concluded that the best therapeutic 
effect occurred with combined therapy. There has been an 
increase in the range of motion towards contralateral later-
al flexion and a decrease in the level of perceived pain. The 
authors of the study emphasize the benefits of combining 
therapies with separate therapeutic foundations (25).
Ellythy (26) reports similar conclusions in the article on 
the assessment of two types of combinations of therapeutic 
methods. The first of these is a combination of MET with a 
special physiotherapy programme. The second is a combi-
nation of myofascial release together with a special physio-
therapy programme. Based on the results obtained, Ellythy 
concludes that the functional integration of specific manip-
ulation techniques effectively reduces pain and functional 
disability in patients with chronic low back pain (26).
The main limitations of this research include the duration 
of the therapy itself. The aim of the study was to assess 
whether one treatment of combined therapy will change 
the biophysical parameters of the upper trapezius muscle 
and to compare the effects of three applied therapies (MET 
+ TPT, MET, TPT). Performing only one treatment could 
make small changes in the tested parameters impossible to 
capture. The use of several treatments would probably give 
a more significant effect and allow for the differentiation 
of the methods used. The addition of a control group (e.g., 
placebo or sham therapy) could also provide important 
data, although it would not be easy to do. When designing 
a future study, researchers should carefully consider what 
the therapy should look like in this type of control group, 
so that it does not affect the parameters studied and at the 
same time gives the impression of reliability for the partic-
ipants. The authors of this manuscript suggest that future 
studies should be performed on groups of patients with 
dysfunctions of the musculoskeletal system and take into 
account the longer duration of therapy.
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CONCLUSIONS
The results of the conducted research allow the following 
conclusions to be formulated:
Each of the performed therapies resulted in a reduc-
tion of muscle tone and stiffness of both the right and 
left trapezius muscles and an increase in the elasticity of 
both muscles. However, a significant change in all studied 
myotonometric variables concerned only the right trape-
zius after the combination of MET and TPT. The effect of 
the conducted therapies on changes in biophysical parame-
ters of the trapezius muscle depended on the lateralization 
of the upper body of the subjects. Right-handed changes 
in these parameters were greater, which probably result-
ed from more frequent activation of the right side of the 
shoulder girdle in these people. No significant differences 
were found between the compared therapeutic methods 

for the studied soft tissue biophysical parameters of the 
upper trapezius muscle.
Among the compared therapeutic methods, the one-time 
combined method MET + TPT proved to be the most effec-
tive, as it caused changes in all tested biophysical parameters 
that persisted until the next day. The advantage of combined 
MET+TPT therapy may result from the benefits of combin-
ing methods with different therapeutic foundations.
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ABBREVIATIONS:
CSA: Cross-sectional area
sCSA: Cross-sectional area normalised to body 
mass2/3
PT: Patellar tendon
RMVC: Ramped maximal voluntary contraction
NIR: Near Infrared 
NIRS: Near Infrared Spectroscopy
O2Hb: Oxyhaemoglobin
HHb: Deoxyhaemoglobin 
ΔHHb%: Deoxyhaemoglobin percentage change
tHb: Total haemoglobin volume
ΔtHb%: Total haemoglobin volume percentage 
change
TOI: Tisssue Oxygen Index

SUMMARY
Background. The purpose of this study was to determine the correlation 
between the patellar tendon mechanical properties and oxygenation in 
healthy men.
Methods. In two subsequent sessions, eight (mean age ± SD: 27 ± 4) recre-
ationally active, healthy males performed 4-sec isometric knee extensions 
of the dominant leg at 20-80% of maximal voluntary contraction (MVC), 
maintaining a knee joint angle of 90° of flexion. 
In the first session, B-mode ultrasonography was used to record tendon 
length, cross-sectional area (CSA), and elongation, parameters needed to 
calculate stiffness. In the second session, tendon/peritendon hemodynam-
ic parameters, namely total hemoglobin ΔtHb, ΔHHb and tissue oxygen-
ation index (TOI% = O2Hb/tHb x 100), as indicators of blood flow and 
oxygen extraction respectively were measured by near infrared spectrosco-
py (NIRS). Correlations between blood volume (tHB), tissue oxygenation 
and tendon mechanical properties were tested using Pearson’s correlation 
coefficient (R).
Results. At all % of MVCs, a reduction of tHb and TOI%, and an increase 
of HHb were observed. At 80% MVC, ΔTOI% was negatively correlated 
with strain (R = - 0.64) and elongation (R = - 0.48), whereas a significant 
positive correlation was found with Young modulus (R = 0.69) and stress 
(R = 0.62); as regards blood volume, a significant negative correlation was 
found between elongation and ΔtHb (R = - 0.44) and a positive correlation 
was found between stress and ΔtHb (R = 0.4). 
Conclusions. Patellar tendon mechanical properties and tendon/peritendon 
oxygen extraction and blood volume appears to be moderately correlated 
when studied by ultrasound and NIRS. 

KEY WORDS
Haemoglobin; tendon; spectroscopy; stress-strain curves; oxygenation.

Correlation between Patellar Tendon Mechanical 
Properties and Oxygenation Detection by Near 
Infrared Spectroscopy in Males
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BACKGROUND
The tendon’s blood circulation is poor, mostly peripheral 
(peritendinous sheet), and rises from the muscular belly and 
periosteum. The circulation is ensured by small and medi-
um caliber arteries, followed by organized and disorganized 
capillary structures. A critical decrease in blood flow and, 
consequently, in oxygenation, may be potentially harm-

ful and consequent ischemia/hypoxia may lead to tendon 
degeneration (tendinopathy). This condition is usually asso-
ciated with overuse, particularly in athletes (1). 
Hypoxia and reactive oxygen species production within 
the tendons and in their proximity (2, 3) could be consid-
ered the initiators of tendinopathy. In fact, hypoxia-related 
proteins are overexpressed early and regulate cell inflamma-
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tion and apoptosis. These processes promote a functionally 
significant shift in collagen matrix synthesis and expression 
(3). Biopsies from normal and ruptured tendons demon-
strate that fibril interruption is associated with reduced type 
I collagen content (normally around 70% of the dry mass) 
together with a significantly increased proportion of type 
III collagen (the second most abundant under physiologi-
cal conditions, tending to produce fibrils with less mechan-
ical strength) (3). This composition change accounts for 
decreased resistance of tendon to tensile forces that may 
lead to subsequent rupture (4). Furthermore, decreasing 
tendon oxygenation may reflect local acidosis and increased 
intratendinous lactate accumulation that can contribute to 
the overall evolution of damage (5). 
Although hypoxia is believed to trigger tissue damage, 
recent data highlights that neovascularization coexists with 
local pain, swelling, and size changes in tendinopathy, unlike 
insertional tendinopathy (6). Neovascularization and capil-
lary blood flow increase have been demonstrated in Achil-
les tendon (AT), patellar tendon (PT), and in tennis elbow 
tendinopathy by using Color and/or Power Doppler ultra-
sound (US) (7). Overall, published data reveals that neoves-
sels formation and subsequent changes in blood flow are 
part of the pathophysiological process leading to alterations 
at the tendon body along with its widening, disturbed colla-
gen distribution and changes in cellularity (8). 
Several tools are available for the assessment of the tendons 
structural and functional features, blood flow and oxygen-
ation status, including conventional US, color Doppler/
Power Doppler US and backscattering-spectroscopy. Unlike 
conventional US for tendon assessment, that in the pres-
ence of tendinopathy reveals hypoechogenic texture with-
in an enlarged tendon, color Doppler and Power Doppler 
US technologies are capable of identifying neovasculariza-
tion because they allow visualisation of low-flow vessels. In 
its current routine application Power Doppler is of quali-
tative use only and does not allow to obtain data on tissue 
oxygen delivery and extraction, which can be assessed by 
backscattering spectroscopy. Backscattering-spectroscopy 
determination of oxygen supply is based on the principle 
that a light sent through a tissue at certain wavelengths is 
reflected by blood cells, depending on their haemoglobin 
content and oxygen saturation. Reflection angle decreases 
with increasing wavelength and this phenomenon favors 
Near Infrared (NIR) vs visible light to penetrate the tissue. 
NIR light wavelengths generally used are selected to be 
sensitive to deoxyhaemoglobin (HHb, from 650 to 1000 
nm) and oxyhaemoglobin (HbO2, peak between 700 and 
1150 nm) (9). Considering that most of the haemoglobin 
is located in the capillary and post-capillary system of the 
microvascular bed, measurements obtained mainly reflect 

the capillary-venous compartment of the microcirculation. 
Indexes obtained with NIRS technology are the result of the 
balance between O2 delivery and tissue oxygen consump-
tion (VO2) (9) and changes in NIRS light absorption reflect 
adjustments of oxygen transport at the microcirculation and 
its cellular utilization (10). 
Previous studies highlighted that, in tendons, the oxidative 
metabolic rate is relatively low and that changes in blood 
volume and oxygen saturation can be detected by NIRS 
technology depending on training modalities (11-14). In 
particular, spectroscopic measurement using NIRS and red 
laser lights was performed to investigate the blood volume 
(total haemoglobin; tHb) and oxygen saturation (oxygen-
ated haemoglobin saturation; StO2) of the human Achilles 
tendon during single and repetitive isometric plantar flex-
ions (15) and during short isometric voluntary isometric 
knee extensions in patellar tendon (16). 
Tendons mechanical properties (cross sectional area, strain, 
stress, stiffness, Young’s modulus) have been extensively 
investigated in physiological and pathological conditions 
(17-19), following diverse training modalities and in pres-
ence of tendinopathy. Overall, the available studies indi-
cated that continous and simultaneous ultrasonography is 
accurate and reliable in assessing human tendon elonga-
tion and stiffness in all tested conditions including ramped 
isometric knee extensions as demonstrated in PT (16).
To obtain significant insight onto the relationship between 
tendon mechanical properties and oxygenation deterioration 
in promoting the onset of tendinopathy, technologies that 
can identify early changes in oxygen delivery and consump-
tion, before the possible appearance of gross anatomical 
changes, including neoangiogenesis, may be of help. To this 
aim, the combination of ultrasounds and NIRS technologies 
represents an interesting future approach. Nevertheless, it is 
currently unknown, both in physiological and pathological 
conditions, whether a significant correlation exists between 
tendon anatomical and mechanical features (measured by 
US) and tendon/peritendon oxygen delivery and utilization 
(measured by NIRS), and to what extent changes in tendon 
physiological properties during contractions may be consid-
ered determinants of its oxygen delivery and utilization. 
Thus, the present study investigated, for the first time, 
the correlation between PT mechanical properties and 
oxygenation (total hemoglobin tHb, Δ[HHb] and tissue 
oxygenation index (TOI = O2Hb/tHb)) measured by 
NIRS during a single bout of isometric ramped knee 
extension contractions-relaxations in healthy men. Results 
indicated that tendon mechanical properties and tendon/
peritendon oxygen extraction and blood volume appears 
to be moderately correlated at least in PT and in absence 
of tendinopathy. 
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MATERIALS AND METHODS

Subjects
Eight recreationally healthy active males with past experi-
ence (at least 2 years) in resistance exercise training (mean 
± SD: age 27 ± 4 yrs; height 1.76 ± 0.4 m, mass 75 ± 6.5 kg) 
were recruited and completed the study. Exclusion criteria 
included the presence of a medical condition (musculoskel-
etal, respiratory, or cardiac). Subjects were fully informed 
of the aims, risks, and discomfort associated with the inves-
tigation. They provided their written informed consent to 
participate in this study, before completing a questionnaire 
to assess their health status. The study was conducted at the 
Sport Medicine Centre, University of Pavia, Voghera, Italy. 
During tests optimal conditions of temperature and humid-
ity (22 °C and 50% respectively) were present. The present 
study meets the ethical standards of the journal (20).

Tendon mechanical properties
Patellar tendon length, cross-sectional area (CSA), and 
elongation were measured using ultrasonography (CX30, 
Phillips) with the knee joint set at 90° knee flexion (full 
extension  =  0°) and the hip joint set at 85° (supine  =  
180°). The resting length, defined as the distance between 
the patella apex and the point at which the tendon inserts 
into the tibial tuberosity, was determined by positioning the 
40-mm-wide, 4–12  MHz linear transducer in the sagittal 
plane over the PT and marking the location of the patel-
la apex (0% tendon length) and tibial tuberosity (100% 
tendon length) on the skin with a permanent marker pen 
(figure 1) (21). Three more locations were then marked on 
the skin over the tendon (25, 50, and 75% tendon length) 
to enable PT CSA to be measured from these axial imag-
es using Image Analysis Software (ImageJ V.1.45s, Nation-
al Institute of Health, MD, USA). PT CSA measurements 
were normalized to body mass (21). Mechanical properties 
of the tendon were assessed by measuring the PT elongation 
during 2 maximal isometric (MVC, 4 s each) contractions 
and submaximal isometric contractions at 20, 40, 60, 80% 
MVC. Before MVC, preconditioning of the tendon was 
obtained with a series of five submaximal isometric contrac-
tions. The linear transducer was then placed in the sagittal 
plane over the PT (~ 1  cm of the probe above the patel-
la apex and ~ 3 cm below). Ramped isometric contractions 
lasted 4 s with 3 min rest between each contraction. Visual 
feedback of force production was displayed on a screen in 
front of the participants to ensure that all contractions were 
performed at a constant loading rate. Trials were discarded 
when the torque trace deviated more than 10% from the 
required level. Unfortunately, in all subjects the 4-cm-wide 

ultrasound transducer did not enable simultaneous scanning 
of both proximal and distal insertions of the PT, but this 
limitation did not affect the comparison between subjects.

NIRS 
Tendon oxygenation was monitored during constant 
isometric contractions at 20-40-60-80% MVC trials with 
portable continuous-wave NIRS device (Nimo, Nirox Bres-
cia, Italy) for which the absorption characteristics of light 
at 780 and 850 nm depend on the relative oxygenation of 
Hb and myoglobin and the sum of absorbencies at the 2 
wavelengths gives the change in local blood volume that 
is attributed to the change in total haemoglobin volume 
(tHb) (22). Skinfold thickness at the site of application of 
the NIRS probe was determined before the exercise proto-
col by ultrasound: the measured average values of skin and 
subcutaneous tissue measured at 90° knee flexion was 0.42 
± 0.04 cm at 25% length, 0.48 ± 0.04 cm at 50% length, and 
0.5 ± 0.07 cm at 75% length. The NIRS probe composed of 

Figure 1. Axial ultrasound scans and measurements of the 
patellar tendon at 25%, 50% and 75% of length calculated 
between the patella apex and the tibial tuberosity. On the 
right schematic depiction of the axial positioning of the ultra-
sound probe.
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an emitter and detector pair, was firmly placed on the skin 
between previously pen marked patella apex (0% tendon 
length) and tibial tuberosity (100% tendon length) (figure 
1) and secured with a small belt of Velcro straps. Elastic 
bandages were put around the muscle probe to prevent 
contamination from localised light. Pen-marks were made 
over the skin to indicate the margins of the plastic spacer 
in order to check for any downward sliding of the probe 
during tasks. Once secured in place, no sliding of the probe 
was observed. The probe was connected to a personal 
computer for data acquisition, A/D conversion, and subse-
quent analysis. Data were recorded at 2 Hz. Variation of 
total hemoglobin (Δ[tHb]), Δ[HHb], and tissue oxygen-
ation index (TOI = O2Hb/tHb %) from the baseline value 
were recorded after a 30 min light warm up and as a func-
tion of time during isometric tasks. Therefore, decreases/
increases in Δ[tHb] were interpreted as evidence of changes 
in blood flow, increases in Δ[HHb] and the decrease in TOI 
were interpreted as evidence of relative tendon deoxygen-
ation and, conversely, as evidence of improved oxygenation. 

Analysis of tendon data
PT elongation was recorded as the distance the patella 
apex moved from an identified reference point at every % 
MVC. The video frame that corresponded to each contrac-
tion was exported as a portable network graphics (.png) 
file and the distance from the patella apex to the reference 
point was measured using image analysis software. Individ-
ual force–elongation curves were fitted with a second-or-
der polynomial (R2 > 0.98 in all cases). Tendon stiffness 
(ΔForce/ΔPT length) values were obtained at 80% MVC. At 
this % MVC PT elongation was calculated as the change in 
tendon length from resting length. Tendon strain was calcu-
lated as the change in tendon length relative to the origi-
nal tendon length (ΔL/Lo), and expressed as a percentage. 
Young’s modulus (E) was calculated by multiplying stiffness 
(k) with the ratio of the resting tendon length (l0) to mean 
tendon CSA, i.e., E = k × (l0/s).

STATISTICAL ANALYSES
The mean and standard deviation (s) were calculated for all 
variables. Data were tested for normality using the Shapiro–
Wilks normality test. Pearson’s correlations were used to 
determine relationships between patellar tendon mechani-
cal properties and oxygenation. Pearson’s correlation was 
used to compare significant differences between hemody-
namics and myoelectric parameters according to Evans (20)
(Pearson’s r = 0.00–0.19, very weak; r = 0.20–0.39, weak; r 
= 0.40–0.59, moderate; r = 0.60–0.79, strong; r = 0.80–1.00, 

very strong correlation). Statistical analysis was completed 
using Graphpad 5 (San Diego, California) and the signifi-
cance level was set at P  ≤  0.05. 

RESULTS
Tendon properties are reported in table I. Correlation 
between % MVC and elongation was fitted with a second 
order polynomial (R2 = 0.99) (figure 2). At all % of MVC, 
a reduction of tHb, and TOI% and an increase of HHb 
was observed (figure 3 and table II), thus suggesting that 
an improved oxygen extraction during contraction counter-
acted the reduction of blood volume delivery. Interestingly, 
correlations between % MVCs, ΔtHb and ΔTOI% fitted 
with a second grade polynomial (R2 = 0.94 and R2 = 0.95 
respectively) (figure 4) and highlighted an almost constant 
value of oxygen extraction at low level MVC percentages 
(20-60% MVC) (figure 4). Pearson’s correlations between 
tendon mechanical properties and oxygenation parameters 

Table I. Patellar tendon morphological and mechanical 
properties calculated in the whole cohort of subjects (n = 8); 
mean ± SD. CSA, cross-sectional area; sCSA, cross-sectional 
area isometrically scaled to body mass0.67; MVC, maximal 
voluntary contraction; MPa, megapascals; GPa, gigapascals.  

Tendon property
Mean CSA (mm2) 109 ± 4

Mean sCSA (mm2/kg0.67) 6.16 ± 0.31

Resting tendon length (mm) 56 ± 3

Stiffness (N/mm) 1420 ± 115

Elongation (mm) 5.06 ± 0.24

Strain (%) 9.07 ±  0.6

Stress (MPa) 65.7 ± 3 

Young’s modulus (GPa) 0.72 ± 0.1

Figure 2. Non linear correlation between patellar tendon 
elongation and %MVC fitted with a second order polinomial.
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Figure 3. Example tracks describing change in HHb (mM), 
TOI%, tHb (mM) in the patellar tendon during 4 sec maximal 
voluntary contraction (MVC).

Figure 4. Correlations between blood volume (ΔtHb) and 
deoxygenation (ΔTOI%) vs % MVC fitted with a second order 
polynomial.

Table II. Patellar/peripatellar  ΔtHb, ΔHHb, TOI % measured 
during short 4 s duration ramped isometric contractions. 
MVC, maximal voluntary contraction; ΔtHb, variation of total 
hemoglobin; ΔHHb, variation of deoxygenated hemoglobin; 
TOI, tissue oxygenation index. 

MVC % ∆ tHb ∆ HHb TOI %
20 - 5.9 ± 0.5 1.234 - 25.2 ± 1.8

40 - 6.1 ± 0.6 2.2 ± 0.4 - 25 ± 1

60 - 5.1 ± 1.9 2.1 ± 0.2 - 25.2 ± 1.4

80 - 8.2 ± 0.56 2.25 ± 0.3 - 30.6 ± 1.8

100 - 12.9 ± 0.9 2.1 ± 0.2 - 56.3 ± 1.6

were analysed at 80% MVC. As regards oxygen extraction, 
ΔTOI% appeared negatively correlated with strain (R = 
- 0.64) and elongation (R = - 0.48), whereas a significant 
moderate positive correlation was found between Young 
modulus and stress and ΔTOI% (R = 0.69 and R = 0.62 
respectively). As regards blood volume, a negative correla-
tion was found between elongation and ΔtHb (R = - 0.44) 
and a positive correlation was found between stress and 
ΔtHb (R = 0.4) (figure 5). No significant correlations were 
found between ΔtHb and strain (R = - 0.02) or Young 
modulus (R = 0.19).

DISCUSSION
In the present study ultrasounds and NIRS were used to 
investigate whether mechanical properties of a human 
tendon correlate with the level of tendon/peritendon blood 
volume and oxygen extraction during ramped isometric 
extensions in healthy young subjects. Patellar tendon was 
chosen both because of its frequent involvement in overload 
injuries and for its easy accessibility to both techniques.

The main findings were: 1) a non linear change in oxygen 
extraction and blood volume with increasing % MVC; 2) 
a significant correlation between mechanical properties 
and blood flow and oxygen saturation (ΔTOI%) calculated 
during single bout at 80% MVC; 3) the absence of function-
al hyperemia at all % MVC tested. 
The observed reduction of blood volume and oxygen satu-
ration are in agreement to previously published data on AT 
by Kubo et al. In particular, they used NIRS and red laser 
lights to investigate the blood volume (total haemoglobin; 
tHb) and oxygen saturation (oxygenated haemoglobin satu-
ration; StO2) of the human AT during single and repetitive 
isometric plantar flexions (15). In accordance with our data, 
results indicated a decrease in tHb and StO2 during a single 
bout of exercise, whereas an increase in blood volume and 
oxygen saturation was observed after repetition bouts. In 
other subsequent studies Kubo and collaborators (15, 16) 
investigated blood volume, oxygen saturation and associ-
ated stiffness changes induced by repeated isometric plan-
tar flexions of short and long durations at 70% and 50% 
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Figure 5. Pearson’s correlations between patellar tendon mechanical properties (elongation, strain, stress and 
Young modulus) and change in blood volume (ΔtHb) and deoxygenation (ΔTOI%) at 80% MVC.
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MVC in AT and during short isometric 50% MVC volun-
tary isometric knee extensions in PT. Importantly, results 
indicated an overall higher change in oxygen saturation and 
blood flow in PT compared to Achilles tendon. Interest-
ingly, in our experimental conditions, a non linear increase 
in oxygen consumption (estimated as oxygen saturation) 
and decrease of blood volume of the patellar tendon was 
observed during a single bout of ramped isometric contrac-
tions suggesting that the tendon mechanical properties i.e. 
the tendon elongation at a given % MVC, shape the tendon 
tHb and oxygenation status. Accordingly, at 80 % MVC, a 
negative correlation was found between oxygen extraction 
(ΔTOI%)/blood volume and tendon deformation (strain 
and elongation) and a positive correlation was found 
between these parameters and stress and Young modulus. 
Oxygen extraction correlated with the tendon mechanical 
properties with higher significance than blood volume thus 
suggesting that oxygen extraction may represent the prefer-
ential mechanism with respect to vasodilation in satisfying 
the metabolic needs of the tendon during isometric contrac-
tion at high percentage of MVC.
In agreement with previous studies (16) in which single 
bouts of isometric knee extentions were performed, in 
our experimental conditions, during short lasting ramped 
isometric knee extensions, no functional hyperemia was 
found in all subjects tested, as demonstrated by concomi-
tant reduction of tHB and TOI% (not shown). 

LIMITATIONS OF THE STUDY
This study has limitations. An important methodologi-
cal issue is whether the measured tHb and ΔTOI% of the 
PT truly reflected the oxidative metabolic activity of the 
tendon. Concerning this point, we confirmed that the depth 
of the patellar tendon from the skin was consistent with the 
penetration depth of the NIR light. Using ultrasonography, 
we observed that the depth of the patellar tendon from the 
skin was 0.42 ± 0.04 cm at 25% length, 0.48 ± 0.04 cm at 
50% length, and 0.5 ± 0.07 cm at 75% length. Considering 

that, in our experimental conditions, the interdiode distance 
between the light source and photodetector allows an inves-
tigation depth of 15-20 mm, and that the adipose tissue pad 
is a constant structure (bounded superiorly by the inferior 
pole of the patella, inferiorly by the anterior tibia, interme-
niscal ligament, meniscal horns and infrapatellar bursa, ante-
riorly by the patellar tendon and posteriorly by the femoral 
condyles and intercondylar notch (21)), we may suppose 
that most of the signal we could measure probably derives 
from the patellar tendon. A second important methodologi-
cal issue was that tendon mechanical properties were calcu-
lated based on ramped MVC and not on tendon MVC as 
antagonist coactivation and the tendon lever arm were not 
calculated. Lastly, the limited number of subjects mitigates 
the statistical significance of the correlation analysis.

CONCLUSIONS
Data obtained in this study suggest that continous NIRS 
technology can be used in combination with US to study 
patellar tendon mechanical properties, blood volume and 
oxygen utilization in healthy young subjects during isomet-
ric knee extensions. In particular, at 80% MVC a negative 
correlation was found between tendon elongation, measured 
by US, and oxygen extraction/blood flow, measured by 
NIRS, thus identifying this level of contraction as ideal for 
future studies on the possible overload-induced deteriora-
tion of tissue oxygenation virtually leading to subsequent 
structural and functional changes in the tendons. 
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SUMMARY
Background. There are several fixation techniques and devices available for ACL 
reconstruction, which differ significantly in their efficacy. There are no studies in the 
literature comparing femoral transfixation pins (Rigidfix) and adjustable loop (Rigid-
loop) devices. We compared the outcomes of these devices in our study. 
Methods. A retrospective observational cohort study was done between November 
2017 and June 2019. Of the total 95 cases, initial 47 patients had undergone graft fixa-
tion with Rigidfix and the subsequent 48 underwent fixation with Rigidloop. Clinical 
and functional evaluation of these patients was done at one-year follow-up and the 
results were compared. 
Results. The two groups were homogenous demographically. Though better outcome 
and functional scores were noted in the Rigidfix group, these observations were not 
statistically significant. Two Rigidloop cases had side to side difference in KT-1000 
reading of > 5 mm with a fair outcome. 
Conclusions. Fixation of the hamstring autograft on the femoral side using Rigidfix 
cross pin and Rigidloop adjustable suspensory devices provide statistically compara-
ble stability. The Lysholm grading and IKDC-2000 functional scores between both 
the groups were similar at one-year follow-up and hence can be used interchangeably 
intraoperatively if a need arises without any consequences.
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Functional Evaluation of Anterior Cruciate Ligament 
Reconstruction – Comparison of Two Graft Fixation 
Techniques in the Femoral Tunnel
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BACKGROUND
The outcome of ACL reconstruction can be influenced by 
many factors like the experience of the surgeon, graft charac-
teristics, orientation of the bony tunnels, technique of drill-
ing the femoral tunnel (transtibial or transportal), graft fixa-
tion technique, postoperative rehabilitation protocol and 
period of assessment (confounding variables) (1). Over the 
past few decades, as the understanding of the anterior cruci-
ate ligament (ACL) reconstruction techniques changed, so 
did the choice of graft and fixation devices (2-5). Hamstring 
autograft has emerged as the preference of most surgeons 
over the years (2). An ideal graft fixation device should 
be strong enough to avoid failure, stiff enough to restore 
knee stability and secure enough to avoid slippage (1, 6-8). 

It’s preferable that it is magnetic resonance imaging (MRI) 
compatible and if it’s bioabsorbable then it will allow easy 
revision (8, 9). 
The search for this ideal graft fixation device has led to the 
discovery of several newer implants and techniques over 
the years, but still, there is no accepted gold standard (2, 8, 
10). Again, there are several implants available in the market 
acting by the same fixation principle which differs significant-
ly in their efficacy as proven by various studies (2, 4, 6, 11).

PURPOSE OF THE STUDY
Literature comparing the outcome of fixation techniques 
using femoral transfixation pins and adjustable suspenso-
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ry loops is sparse. Moreover, as per our knowledge, there 
are no studies in the literature comparing Rigidfix (femo-
ral transfixation pins by Depuy Mitek, USA) and Rigid-
loop (adjustable loop by Depuy Mitek, USA) devices. 
Only one similar study was found, done by Zehir et al., 
which compared the outcome between Translig (transfix-
ation pins) and ToggleLoc (adjustable loop) devices (12). 
This study had some stark limitations like variable femoral 
tunnels and inconsistency in graft fixation devices used at 
the tibial end. In our study, we compared the outcomes of 
Rigidfix and Rigidloop fixation devices by addressing these 
limitations. We hypothesized that both Rigidfix and Rigid-
loop will provide similar clinical and functional outcomes. 
Our primary objective was to compare anteroposteri-
or and rotational instability. We used Lachman’s test and 
KT-1000 for measuring AP instability. The pivot shift test 
and hop limb symmetry index assessed the rotational insta-
bility. Lysholm score and IKDC-2000 scoring were used to 
evaluate the functional outcome which was our secondary 
outcome measure. 

MATERIALS AND METHODS
A retrospective observational cohort study was done 
between November 2017 and June 2019. Institutional Ethi-
cal Committee (IEC NO: 19/2018) clearance was obtained 
and study protocol was as per STROBE guidelines. Data of 
skeletally mature patients who underwent ACL reconstruc-
tion from November 2017 to June 2018 were collected and 
patients were divided into two groups based on the femoral 
fixation technique. A total of ninety-five cases were iden-
tified after applying the inclusion-exclusion criteria. There 
were 47 patients who underwent graft fixation at the femo-
ral side with Rigidfix and 48 patients who underwent fixa-
tion with Rigidloop. To minimize the effect of the multiple 
confounding variables, all cases in our study were operat-
ed by a single surgeon who was equally adept in both the 
fixation techniques. The graft characteristics and tunnel 
creation were also standardized by using single bundle 
quadrupled hamstring autologous graft and tunnels were 
created using the transportal technique in both groups. In 
all patients, the tibial fixation was achieved using an Intra-
fix (Depuy Mitek) screw with sheath. All patients under-
went the same rehabilitation protocol and were clinically 
and functionally evaluated at one year after the index proce-
dure. Patients who had concomitant collateral or posteri-
or cruciate ligament injury, tibial plateau avulsion fractures, 
bilateral ACL injuries and those undergoing revision ACL 
procedures were excluded from this study. Clinical outcome 
was evaluated by Lachman, pivot shift and single-leg hop 
test. For the single- legged hop test, the subjects stood on 

the leg to be tested, hopped and landed on the same limb. 
The distance hopped was measured from the tip of the great 
toe of one step to the other step of the same foot and record-
ed in centimetres. Single hop for distance was quantified as 
hop limb symmetry index (LSI) which was expressed as 
the percentage of the longest ‘involved’ limb hop distance 
divided by the longest ‘uninvolved’ limb hop distance 
(13). KT-1000 arthrometer readings were also taken for an 
objective measure of anteroposterior translation of tibia. 
KT-1000 arthrometer values, were recorded at 20 lbs and 
side to side difference was calculated (values expressed as 
operated - healthy knee difference). The side to side differ-
ence was calculated to neutralize the laxity, if at all, in the 
uninvolved knee. These values were categorized into three 
groups: < 3 mm, 3-5 mm, and > 5 mm side to side difference 
(4, 14). Functional performance was assessed by Lysholm 
knee scoring scale and IKDC-2000 subjective knee evalu-
ation score. Lysholm knee scoring scale comprises of eight 
parameters for evaluation (15). The maximum possible knee 
function score is 100. The outcome scores were graded as 
excellent (> 90), good (84-90), fair (65-83) and poor (< 65). 
IKDC-2000 subjective evaluation has 10 questions and 18 
responses (16). The total score which ranges from 0 to100 
was calculated as (sum of individual item score/87) x 100.

STATISTICAL METHODS 
Statistical analysis was done in IBM® SPSS version 25 soft-
ware. Demographic data were presented using descriptive 
statistics. Categorical variables such as clinical test grades 
(Lachman and Pivot shift tests), Lysholm knee score and 
KT-1000 arthrometer measurements were analyzed using 
Chi-square or Fisher’s exact test where appropriate. Contin-
uous variables of hopped limb symmetry index (LSI) and 
IKDC-2000 scores were analyzed by independent sample t 
test. The difference in mean IKDC-2000 scores between the 
groups was calculated using the one-way ANOVA test. In all 
these analytics, the P-value of < 0.05 was considered statis-
tically significant. P-value was calculated with a 95% confi-
dence interval and an alpha error of 5%. Power analysis was 
done from Open Epi, Version 3, open-source calculator.

RESULTS
All patients were analyzed at 1-year from index procedure. 
Our study groups were comparable with respect to key 
demographic and constitutional variables (table I).
Clinically, patients in Rigidfix group showed greater antero-
posterior stability in comparison to those in Rigidloop 
group, as noted by the Lachman grading and KT-1000 read-
ings (table II). However, this difference was not statistical-
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ly significant. (P = 0.22 and P = 0.56 respectively). In our 
study, we had 2 patients in Rigid loop group with KT-1000 
differential (side to side) displacement of > 5 mm which was 
considered as the failure of graft fixation.  
On a similar line, grade 1 positive pivot shift was observed 
in 3 patients of Rigidfix group and 10 patients of Rigid-
loop group. However, this difference was statistically 
insignificant (P-value = 0.07). None of the patients from 
either group had grade 2 or 3 Pivot shift (table II). Also, 
the average hop limb symmetry index (LSI) scores for 
both groups were similar (table II) and not significant 
statistically (P = 0.72). The differences in the Lysholm 
knee scoring scale between the two groups were insignif-
icant (P = 0.18) (table II). We had 4 poor outcomes as 
per the Lysholm grading in the Rigid loop group. Mean 
IKDC-2000 scores between both the groups were similar 
(table II). 
Patients who had meniscal injuries, irrespective of the fixa-
tion technique had an overall significantly worse IKDC-
2000 score. Patients in Rigidloop group had significantly 
worse IKDC-2000 scores when associated with meniscal 
injuries (table II). We had 2 failures as per the KT-1000 
measurements which were > 5 mm side to side difference. 
Both the patients had fair outcome in Lysholm grading. 
One of them demonstrated grade 1 laxity on Lachmann’s 
and pivot shift test while the other showed grade 1 laxity 
on Lachmann’s and grade 0 on Pivot shift test. 
Our study had a sample size of 47 and 48 in each group. 
The upper limit of reference value for excellent and good 
outcome in Tegner Lysholm Knee scoring scale is 100 
and 90 respectively. Presuming that two groups would 
show a difference of 10 points and with the standard 
deviation of 16 (difference of upper and lower end of the 
range), our study had the power of 86.12% with an alpha 
error of 5%. 

DISCUSSION
We noted that the static and dynamic stability tests and func-
tional outcome scores did not show statistically significant 
difference on using Rigidfix or Rigidloop for anchoring the 
hamstring graft in the femoral tunnel. It takes around 3-6 
months for complete osteointegration of the hamstring graft 
to the host bone. This ‘weak link period’ is the time during 
which we allow unrestricted weight-bearing, full range of 
motion and early return to strenuous day-to-day activities 
(2, 17). It is at this critical phase that the graft fixation device 
is required to provide secure anchorage until biological fixa-
tion (graft integration into the host) takes place (14). There-
fore, it is extremely important that the fixation device being 
used should provide adequate stability to the graft to with-
stand the forces which are being generated during the accel-
erated postoperative rehabilitation programs employed 
these days (1, 4, 10). 
Three types of fixation techniques are practised worldwide, 
namely aperture fixation (direct fixation – e.g., interference 
screw), cortico-cancellous transfixation (e.g., cross pins) and 
cortical suspensory fixation (indirect fixation – e.g., fixed 
and adjustable loops with button) (3, 8, 18). Each of these 
techniques have their own advantages and disadvantages 
(1, 19). Many studies are available in literature which has 
compared these different fixation techniques and devices 
(2, 10, 20, 21). However, there is still no consensus about 
the best fixation technique and the market is flooded with 
several types of fixation devices (4, 10). 
The working length of the graft is between the two points 
of its fixation in the tibial and femoral tunnels. A shorter 
working length by means of an intra-tunnel fixation will be 
more stiff and provide better stability than when the graft is 
fixed outside the tunnel which increases the working length 
(3, 8). Interference screw which gives adequate initial 
stability can become loose, damage the hamstring graft and 

Table I. Demographic distribution and comparison of both the groups. 

Parameter
Fixation technique

Total P-value
Rigidfix Rigidloop

Number 47 48 95 -

Mean age (years) 33.02 ± 8.8 32.9 ± 9.5 33 ± 9.1 0.98

Male:Female 37:10 40:8 77:18 0.60

Right:Left 21:26 24:24 45:50 0.68

Common mode of injury 
Fall:RTA:Sports Injury

13:19:15 15:21:12 28:40:27 0.78

Meniscal injuries 
(number of cases)

8 15 23 0.08

RTA: Road Traffic Accident
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increase the risk of posterior blowout with resultant fail-
ure of fixation (12). Cortico-cancellous pins give adequate 
graft fixation but have issues related to breakage, migra-
tion and prominence and minimal tunnel widening (2, 3, 
8, 19, 22). Suspensory devices (fixed and variable loops) 
have issues related to longitudinal and sagittal graft motion 
(bungee and windshield wiper effect respectively) within 
the tunnel leading to widening of the tunnel and loosen-
ing of the fixation (7, 19, 23). Tunnel widening is report-
ed to be greater on the femoral side than on the tibial side 
(21). Yet another contention for the adjustable loop design 
is loop lengthening occurring due to loosening of the knot 
(1, 6, 7, 10, 12, 14). Graft motion can lead to extravasa-
tion of synovial fluid between graft and bone tunnel and 
increase the cytokine levels within the knee which could 
further delay the tendon-bone healing (2, 19, 23). Volume 
rendered 3D imaging modality is considered superior than 
plain radiographs, MRI and SPECT (Single Positron Emis-

sion Tomography) scan in evaluating bone tunnel widening 
after ACL reconstruction (24, 25). 
Eajazi et al. (17) compared the three basic techniques of 
graft fixation and found that cortico-cancellous method 
provided the optimal fixation and stiffness. The weakest 
fixation was with the cancellous device and cortical suspen-
sion device demonstrated variable mechanical behaviour. 
Rigidfix (Depuy Mitek, Raynham, MA) uses two pins across 
the graft and the femoral tunnel and creates a bulge in the 
graft. It reduces the risk of posterior tunnel blow out and 
decreases the windshield wiper effect as it fixes the graft 
horizontally preventing mobility between graft pins (8, 
17). The resistance which is distributed along the surface 
between the device and the bone depends on the osse-
ous density and length of the lever arm (17). Angel et al. 
and Basad et al. demonstrated that cross pin fixation when 
compared to Endobutton provided superior anteroposteri-
or stability as measured with KT-1000 (18). However, Price 

Table II. Comparison of clinical and functional outcome of both the groups.

Clinical test Grading
Fixation technique

Total P-valueRigid fix
(n = 47)

Rigid loop
(n = 48)

Lachmann’s test

Grade 0 38  35 73

0.22Grade 1   9  11 40

Grade 2   0    2   2

KT-1000 values at 20 lbs side to side 
difference

< 3 mm  36   34  70

0.563-5 mm  11   12  23

> 5 mm    0     2    2

Pivot shift test
Grade 0  44   38   82

0.07
Grade 1    3   10   13

Hop limb symmetry index 84.26 ± 11.85 85.19 ± 13.65 0.72

Lysholm Score

Excellent
(> 90)

38    37  75

0.18

Good
(84-90)

1      0     1

Fair
(65-83)

8      7    15

Poor
(< 65)

0      4      4

IKDC-2000 scores 89.52 ± 11.82 84.30 ± 15.45 0.068

IKDC-2000 scores with 
Meniscal injury

85.09 ± 13.22 69.33 ± 16.34
74.81 ± 16.86 0.023

IKDC-2000 scores without 
Meniscal injury

90.43 ± 11.48 91.10 ± 9.00 90.74 ± 10.35 0.78

P-value (comparison of IKDC-
2000 score with or without 
Meniscal injury)

        0.315 0.000 0.000
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et al. and Basad et al. found no significant difference in the 
clinical and functional outcome between the two groups 
(18, 26). In our study, the majority of patients in the Rigidfix 
group had excellent anteroposterior stability as evidenced 
by the negative Lachman test (38/47 or 80%) and objec-
tive KT-1000 arthrometer readings (36/47 or 77%). Nine-
ty-four percent (44/47) of the patients had restored rota-
tional stability as seen by a negative pivot shift test and there 
were no patients with grade II or III pivot shift in the Rigid-
fix group. The dynamic stability of the affected limb was 
restored to nearly 85% of the normal limb as indicated by 
the hop limb symmetry index. At the end of one-year post-
op, more than 90 percent (38/47) of patients were noted 
to have an excellent functional outcome. Asik et al., Nebe-
lung et al. and Choi et al. reported femoral tunnel widen-
ing in patients with broken or dislocated cross pins (9, 22, 
27). However, it did not affect the functional outcome. They 
were not able to give a valid reason for the occurrence of 
the tunnel widening though they felt it was due to improper 
graft-bone healing (22).
Many authors had compared fixed and adjustable loop 
suspension devices (6, 7, 14). Boyle et al. found no signifi-
cant difference in the postoperative knee stability between 
the groups and commented that adjustable loop devices do 
not clinically loosen during rehabilitation (14). Transportal 
technique creates more anatomical tunnel in the femur, but 
has the risk of producing shorter tunnel. The fixed loop 
devices leave a dead space in the tunnel which is occupied 
only by the loop. In contrast, the adjustable loop devices 
allow to pull greater length of the graft into the tunnel and 
thereby negates the dead space. This achieves more graft-
host bone contact and better osteointegration, especially 
in the shorter tunnels (14). In vitro studies comparing the 
biomechanical properties between the two cortical suspen-
sion devices showed that both devices can withstand the 
forces developed during rehabilitation, but the adjustable 
loop shows mild elongation without clinical significance (6, 
28). In our study, we saw that 23% of the patients (11/48) in 
the Rigidloop group had grade I Lachmann and 4% (2/48) 
had grade II Lachmann laxity. We presume that the recur-
rence of laxity might have occurred due to the elastic elon-
gation of the graft or the variable loop device as mentioned 
in the in vitro studies. Similar results were seen in objective 
measurements using KT-1000 arthrometer also. We had 2 
patients in Rigid loop group who had side to side difference 
in KT-1000 values > 5 mm suggestive of failure due to graft 
elongation/slippage. They both had grade 1 Lachmann’s, 
grade 1 and grade 0 pivot shift, and Lysholm grading of fair 
and IKDC-2000 scoring of 56. However, despite clinical 
evidence of an increase in laxity, the functional outcomes 
were excellent at one-year follow-up which was observed 

by other authors as well (14). Eighty percent of the patients 
(38/48) had restored rotational stability as seen by a nega-
tive Pivot shift test. There were no patients with grade II or 
III pivot shift. Hop limb symmetry index showed a mean of 
85% in this group. 
Some authors have also compared the variable loop devic-
es manufactured by different companies as these devices 
use different loop locking mechanisms (11). The Zip loop 
(Biomet) and Tightrope (Arthrex) rely on a finger trap lock-
ing mechanism where one end of the adjusting suture is 
spliced through the centre of the other suture end. When 
a load is applied in the opposing direction, the finger trap 
collapses around the inner suture, trapping it in place. Small 
micromotions can gradually disengage the collapsed finger 
trap and loosen the locking mechanism. In contrast, the 
Rigidloop device has a one-way sliding lock that wedges into 
the metal implant and resists disengagement. The tighter the 
knot is cinched, the better is the performance. Failure of 
this mechanism will occur if the knot is left loose (11). The 
knot-based design outperformed the finger trap designs in 
both cyclic displacement and strength (11).
After a thorough literature search, we found that there were 
no studies which had compared Rigidfix (a cortico-can-
cellous transfixation device) with Rigidloop (an adjustable 
suspensory loop with button). A similar study was done by 
Zehir et al., where they compared ToggleLoc with ZipLoop 
and Translig transverse cross pin devices (12). Although 
insignificant, the KT-1000 arthrometer revealed slightly less 
anterior sliding in Translig group than that in the ToggleLoc 
group (P > 0.05). On the contrary, in our study although 
statistically insignificant, Rigidfix seemed to provide better 
anteroposterior stability as evidenced by the results of the 
Lachman and KT-1000 arthrometer readings. Addition-
ally, we noted that the rotational and dynamic stability as 
measured by the pivot shift test and hop limb symmetry 
index were comparable among the groups. As reported in 
their study, we also observed that the Lysholm and IKDC 
functional scores between our groups (Rigidfix and Rigid-
loop) were comparable. Our study confirmed the hypoth-
esis that both Rigidfix and Rigidloop devices provide 
equally good clinical and functional outcomes at 1-year 
follow-up period.
During the analysis, we observed that irrespective of the 
technique (Rigidfix or Rigidloop), the patients with isolated 
ACL injuries had significantly better IKDC scores compared 
to those with concurrent meniscal injuries (table II). It was 
noted that patients in Rigidloop group had greater worsen-
ing of these scores. However, the statistical significance of 
the poorer IKDC score noted in the patients with menis-
cal injuries in the Rigidloop group was not assessed due to 
the small sample size. Similarly Lysholm score differences 
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between those with meniscus and those without meniscal 
injuries were not calculated due to insufficient sample size 
in each category.
Rigidfix gives cortico-cancellous fixation whereas Rigid-
loop gives cortical fixation. Though they works by a differ-
ent mechanism at different locations of the femoral tunnel; 
the clinical and functional outcomes were comparable with 
both these devices. This is contrary to the outcome reported 
in few of the biomechanical and clinical studies (3, 8). This 
can be explained based on the varying supraphysiological 
loads applied and different biomechanical set up in the in 
vitro studies at which these devices fail (4, 7, 14). The phys-
iological load during rehabilitation which will be acting for 
a limited period, i.e, 3 to 6 month postoperatively during 
which healing of the graft takes place, will be within the 
tolerance limit of these devices (6, 8).
One of the implications of this study is that Rigidfix and 
Rigidloop can be used interchangeably without any 
compromise in the outcome. Various causes for intraop-
erative on-table failure of cortico-cancellous and cortical 
devices have been reported in the literature like pin break-
age, blowout of posterior and lateral cortex of the femoral 
tunnel, eccentric placement of crosspins, sinking of button 
and failure of loop, suture or button (4, 7, 8, 29). With mini-
mal modification in the technique, the surgeon can decide 
intraoperatively to use either of the methods if the need aris-
es without worrying about the final outcome. This has been 
our experience in few of the earlier cases which prompted 
us to conduct this study. 

Strength of the study
There have been no studies in the English literature which 
have compared the results of graft fixation in the femo-
ral tunnel using the cortico-cancellous transfixation with 
adjustable loop devices uniformly. In our study, all cases 
were performed by a single senior surgeon who is well 
versed in performing both techniques and we have tried 
to standardize the patient characteristics, tunnel creation 
method, graft preparation, graft length inside the femoral 
tunnel, graft fixation on the tibial side and post-operative 
rehabilitation protocol so that the confounding factors are 
minimized. Our study was adequately powered to detect a 
1-grade difference in the Lysholm scoring system.

Limitations
Our study had a few limitations. No postoperative radiolog-
ical analysis of the distal femur was done to look for tunnel 
characteristics (obliquity, widening) and graft lengthening 
(23). The latter two are known complications of suspenso-

ry fixation devices. Studies have shown no effect of tunnel 
widening on the outcome (21, 23). Hence we did not find it 
necessary to assess the tunnel characteristics during follow 
up. Secondly, ours was a short-term study and therefore 
the long-term effect of ACL reconstruction in preventing 
further meniscal injuries and cartilage damage and thereby 
early degenerative arthritis could not be commented. Also, 
the long-term effect of partial meniscectomy in combina-
tion with ACL reconstruction on the function of the knee 
could not be assessed. Long term follow-up studies are 
required to assess the effect of these interventions. Third-
ly, ours being a retrospective study, preoperative functional 
scores were not available. Ideally, a randomized controlled 
study would acquire these baseline scores against which 
the post-operative functional scores can be compared to 
analyze the effect of surgical intervention.
In view of significant worse functional outcome seen with 
patients who had concomitant meniscal injury irrespective 
of the fixation technique, further studies are required. As 
we had less number of cases of meniscal injuries and as it 
was not our objective we refrain from drawing a conclusion 
on this finding. High-quality randomised controlled stud-
ies which a have high number of cases and uniform surgi-
cal techniques with long term functional outcome can give 
verdict regarding the effect of concomitant meniscal injuries 
on ACL reconstruction. The study was conducted accord-
ing to the journal’s guidelines (30).

CONCLUSIONS
In view of the similar outcome which we observed in prima-
ry and secondary objectives of our study, we accepted the 
null hypothesis. Hence we conclude that Rigidfix and Rigid-
loop have a similar clinical and functional outcome at the 
end of the 1 year and can be used interchangeably if an 
introperative need arises without any consequences.
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SUMMARY
Background.  The treatment of Neer’s type II distal clavicle fractures is challenging 
because of the high risk of non-union with non-operative management on one hand 
and complications associated with the operation on other. 
Methods. Autologous semitendinosus tendon mediated anatomical coracoclavicu-
lar (CC) ligament reconstruction was done in 9 Neer’s type II acute distal clavicle 
fractures. The functional and radiological outcomes were assessed after 12 months of 
operation.
Results. There were 8 men and 1 woman in the patients assessed at 12 months of oper-
ation.  At final evaluation of 12 months 7 Neer’s type IIA, and 2 IIB fractures were 
assessed. The mean age of the patients included in the study was 39 years. The mean 
operating time was 87 minutes. All except one patient achieved radiological union. 
All patients had excellent functional outcome scores. The mean Constant and Murley 
(CMS) score at 12 months of follow up was 90.55 ± 57.80. The CMS score for the 
case with non-union was 85 at 12 months. The mean CC distance before and after the 
operation was 19.56 ± 2.80 mm and 11.56 ± 6.7 mm. The difference in the mean CC 
distance between normal and operated side was less than 5 mm after 12 months of 
operation in all the cases.  
Conclusions. The application of autograft mediated anatomical acromioclavicular 
joint reconstruction technique to CC stabilization in Neer’s II distal clavicle fracture 
achieves union and excellent functional outcomes. 

KEY WORDS
Neer’s type II distal clavicle fracture; Constant and Murley scores; nonunion; acromio-
clavicular; coracoclavicular.

Autologous Semitendinosus Tendon Mediated 
Stabilization of The Coracoclavicular Space Results 
in Union and Excellent Functional Outcomes 
in Neer’s Type II Distal Clavicle Fractures:  
A Preliminary Report

S. Kumar Nema, D. Udayakumar, G. Balaji, S. Gandhi B., P. Pasupathy, M. Prabu 

Department of Orthopaedics, Jawaharlal Institute of Postgraduate Medical Education and Research, Pondicherry, India

INTRODUCTION
Distal clavicle fractures (DCF) constitute 15-28% of all 
clavicular bony injuries (1). Though non-union is uncom-
mon in the medial and midshaft fractures of the clavi-
cle its reported incidence in fractures of the distal clavicle 
is 30-45% (2, 3). Neer, and later Robinson classified DCF 
based on the location of the fracture and disruption of the 
coracoclavicular (CC) ligament (4, 5). The classification of 
DCF into type IIA, B is based on radiographic assumption of 

an intact or disrupted conoid part of Coracoclavicular (CC) 
ligament. However, the interobserver reliability for Neer’s 
classification is slight to fair because no MRI based study has 
confirmed radiographic correlation in the published litera-
ture (1). Neer’s type II and Robinson’s type 3B DCF have an 
inherent risk of non-union due to displacement of fracture 
ends (4, 5). The disrupted CC ligament in these injuries is 
the primary restraint against the superior displacement of 
the proximal fracture end (1). The unopposed pull of the 
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clavicular head of the sternocleidomastoid and trapezius 
muscle on the proximal fractured end, and weight of the 
arm results in wider displacements at the fracture site. The 
factors influencing decisions in the operative management 
of these injuries are fracture location, displacement, commi-
nution, and intra-articular extension (1). The methods for 
operative fixation of DCF can be divided into three broad 
categories based on the site of fixation in the shoulder girdle 
(6). These are 1) intramedullary fixation using different 
types of pins (Rush, Knowles, Enders rods, titanium elastic 
nails, K wires, and screws), 2) surface plates (hook, distal 
clavicle, and volar radius plates) and 3) CC space stabili-
zation techniques with a screw, button, or a tape). Recent-
ly suspensory button-based stabilization of the CC space in 
acute (< 6 weeks) and autologous/allograft mediated CC 
ligament reconstructions have yielded excellent outcomes 
in AC joint dislocations (7). An application of suspensory 
button-based fixations has also been reported with excellent 
short-term outcomes in DCF (6). An operative technique 
using a combination of surface plates and CC space stabi-
lization methods have also been described to address both 
horizontal and vertical displacements in DCF (8). While pin 
migration, loosening, loss of reduction, and acromioclavic-
ular (AC) joint degeneration are complications associated 
with intramedullary fixations, second surgery for removal of 
the hardware after union in these injuries is common to all 
the three methods of fixation (6, 9). An overall complication 
rate of 20% has been reported in the management of DCF, 
6.7% and 22.2 % each for nonsurgical and surgical manage-
ment (6, 9). A comparative summary of the early and late 

complications associated with various methods for fixation 
of DCF described above is presented in table I.
Disruption of CC ligaments is common to both AC joint 
dislocations and DCF. However, autograft/allograft medi-
ated CC ligament reconstructions has not been attempted 
in DCF. The primary objective of this study was to report 
functional and radiological outcomes in DCF treated by CC 
ligament reconstruction with an autologous Semitendinosus 
(ST) tendon. 

METHODS
This prospective interventional case series was conducted 
from July 2018 to January 2020 at a tertiary referral centre 
for the treatment of trauma. The institutional review board 
approved the study. The study has been conducted ethical-
ly according to set international standards and meets the 
ethical standards of the journal (10). Adult patients (18 
years or more) with closed Neer’s type II DCF were includ-
ed in the study. Anteroposterior radiograph of the clavicle 
was ordered for patients suspected of clavicle fracture. The 
patients with DCF were isolated and classified according to 
Neer’s classification. Neer’s type II injuries demonstrating 
displacement of the proximal bone end of 1 cm or more 
with or without stress radiography were included in the 
study. The fractures were classified into IIA and B based on 
the location of the fracture from the conoid tubercle on the 
undersurface of the clavicle. Injury of more than two weeks 
duration, medial and middle third fractures of the clavicle, 
and concomitant injuries of the upper extremity at other 

Table I.  Summary of complications associated with various fixation methods in Distal clavicle fractures (1, 6, 8).

Acceptable method for treatment of Distal 
clavicle fractures

Reported complications (%) Overall complications  
in groups (%)

Non-operative management
Non-union and delayed union 20-33% 
Stiffness and impingement 1.6%

6.7%

Intramedullary fixation: pins, tension band wires, 
Enders rods, screws, titanium elastic nails, Rush 
pins, Knowel’s screws

Implant irritation 3%
Acromioclavicular arthrosis 2%
Loss of reduction 3%
Infection 4%
Broken wire 1%

28%

Surface Plates: Hook plate, pre-contoured distal 
clavicle plates, and volar radius plates

Hardware removal for irritation 16% to 100% 
depending on the plate and the study
Hardware failure 2%
Plate migration 9%
Impingement 18%
Pain 2%

44.7%

Coracoclavicular space stabilization methods: 
screw, button, tape autograft/allograft mediated 
reconstruction

Screw backout 4%
Infection 1%
Loss of reduction not reported

4.8%
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sites, bilateral injuries, and segmental fractures were exclud-
ed. Patients thus screened were recruited for operation. 

Operative technique
Patients were operated in the supine position with a bean 
bag under the shoulder for elevation, and general anaesthe-
sia was used. ST autograft was harvested from the prepped 
same sided lower limb, and whip stitched at both ends with 
an Ethibond Excel #2-0 Green Braided Suture (non-ab-
sorbable, sterile, surgical suture composed of Poly (ethylene 
terephthalate) J&J medical devices the USA). A technique 
of CC ligament reconstruction in AC joint dislocations 
described by Saccomanno et al. was used for the operative 
treatment of DCF (11). The fractured site and the superi-
or surface of the coracoid process were delivered into the 
surgical wound by a vertical incision of 2-3 cm directly 
over the fracture site running towards the coracoid process 
(figure 1). The medial and lateral surfaces of the coracoid 
process were dissected. A suture loop of Ethibond Excel 
#5-0 Green Braided Suture and ST autograft whip-stitched 
at both the ends were passed from medial to lateral through 
the undersurface of the coracoid process by a suture shuttle. 
Two holes of 4.5 mm diameter, anteromedial and postero-

lateral corresponding to the attachments of the conoid and 
trapezoid parts of CC ligament were drilled from superi-
or to inferior on the proximal fractured end of the clavicle 
(figure 2). A hole of 4.5 mm was drilled from superior to 
inferior adjacent to the AC joint in the acromion process 
of the scapula. Each free end of the ST autograft and the 
number 5 Ethibond suture loop were passed from inferior 
to superior through the conoid and the trapezoid tunnels in 
a figure of eight fashion. The free end of the ST tendon exit-
ing from the trapezoid tunnel was then passed from supe-
rior to inferior through the tunnel drilled in the acromion 
process. The ST free end exiting from the acromion process 
was again passed from inferior to superior through the trap-
ezoid tunnel in the clavicle.  The free ends of the number 
5 Ethibond suture loop and the and the ST autograft exit-
ing from both the conoid and trapezoid tunnels were tied 
to one another after an attempt to the best possible reduc-
tion between the fractured ends. The entire construct was 
further reinforced with Ethibond number 2 sutures. The 
surgical wound was closed in layers. The scheme of the 
operative technique described above is presented in figure 
3. The shoulder was immobilized for 6 weeks in an arm to 
chest splint protecting the surgical construct. The shoul-
der was mobilized after 6 weeks under the supervision of 

Figure 1. Patient Positioning and surgical incision (artery forceps) for the operative procedure where Proximal, Distal, Up, and 
Down represent the head, foot, ceiling, and floor respectively. C Clavicle, A Acromion and Co Coracoid. 
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Figure 2. The superior surface of the clavicle with conoid and trapezoid tunnels. Proximal, Distal, Up, and Down represent the 
head, foot, ceiling, and floor respectively.

Figure 3. Diagrammatic 
representation showing 
scheme of Semitendinosus 
(ST) autograft and Ethibond 
no 5 (E) suture passage 
through the undersurface of 
Coracoid process, Conoid 
(C) tunnel, Trapezoid (T) 
tunnel, and the Acromion 
in a Neer’s type II distal 
clavicle fracture.
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Figure 5. Anteroposterior views before and after 3 months of operation showing union in a case.

Figure 4. Functional outcomes at 12 months in one of the cases.

a physical therapist. Functional assessment of the operat-
ed shoulder was done at 3, 6, and 12 months after opera-
tion by Constant and Murley scores (CMS) (figure 4). The 
radiological assessment of the union was done at 3 and 6 
months after operation (figure 5). The radiological union 
was defined as the disappearance of the fracture line and 
bridging callus on the AP view.

RESULTS
Radiological and functional assessments were done in 9 
patients at 12 months. There were 7 and 2 Neer’s IIA, and 
B, fractures for evaluation at 12 months. There were 8 men 
and 1 woman in the patients assessed in follow up. The 

patients were operated at a mean of 7 days after injury. The 
mean operating time was 87 minutes. The average stay after 
the operation was 4 days. All except 1 patient achieved 
radiological union at a mean of 3 months after the opera-
tion. The mean CMS score at 12 months was 90.11.  The 
CMS score in the case with non-union was 85 at 12 months. 
A description of patient demography and outcome parame-
ters is presented in table II. 

DISCUSSION
The patients recruited in this study underwent anatomi-
cal CC reconstruction with autologous ST graft in DCF 
and achieved union and excellent functional outcomes. We 
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Table II. Patient demography, functional outcomes, and radiological parameters.
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1 IIA 55 M R RTA 20.04 20.01 8.1 5.8 98

2 IIA 29 M R RTA 20.44 20.44 9 8.1 100

3 IIA 40 F L RTA 20.66 15.55 12.6 6.1 82

4 IIB 41 M L RTA 20.85 19.0 10 5.1 87

5 IIA 24 M L RTA 18.5 19.0 13.7 6.7 89

6 IIA 40 M L RTA 20.33 20.03 15.7 8.4 84

7 IIA 38 M R RTA 18.6 22.2 10 7.9 98

8 IIB 54 M L RTA 20.34 19.8 15 7.6 79

9 IIA 31 M R RTA 20.55 20.03 10 8.0 98

Mean ± SD 39.11 ± 0.97 20.034 ± 0.675 19.56 ± 2.80 11.56 ± 6.7 7.07 ± 1.24 90.55 ± 57.80

1Road traffic accident (RTA); 2Acromioclavicular (AC); 3Coracoclavicular (CC).

extended the indication of the anatomical CC reconstruc-
tion in the AC joint to the treatment of DCF. We hypothe-
sized that the CC stabilization with an autologous ST alone 
would result in the union at the fracture site and accept-
able functional outcomes in DCF. We had one case with 
non-union at the fracture site in the group studied, but the 
patient had good CMS scores. Asymptomatic non-unions 
with excellent functional scores have been reported by the 
studies after CC stabilization in DCF (12). The concept of 
anatomic ligament-based reconstructions is not new to the 
shoulder girdle.  Several investigators have reported excel-
lent outcomes after anatomic AC joint reconstructions using 
a loop of an autograft/allograft around the coracoid process 
(13). Though the acromioclavicular joint capsule is not 
disrupted in DCF and, the technique of CC ligament recon-
struction employed by us included reconstruction of AC 
joint, but we believe that the two limbs of the Semitendino-
sus tendon crossing the fracture site would have prevented 
significant displacements at the fractured site. 
A relative rarity of distal clavicle fractures coupled with 
case studies with insufficient numbers and lack of control 
groups in the available literature makes it extremely diffi-
cult to deduce the most suitable method for the manage-
ment of these injuries. Excellent functional outcomes have 

been reported uniformly across published studies irrespec-
tive of the method of treatment in DCF (6, 8, 12, 14-16). 
However, on one hand, the published studies report a high 
risk of non-union (30%) and lower complication rates 
with non-operative treatment to high union rates and high 
complication rates with operative treatment of DCF on the 
other (6-9, 14-16). Surface plates (40.7%) and K wire-based 
tension band (20%) fixations of the distal clavicle have 
reported significantly higher complication rates compared 
to CC stabilization (4.8%) techniques (suspensory button) 
(6). Recently excellent outcomes in the osteosynthesis of 
DCF based on open/arthroscopic methods for CC stabiliza-
tion have been reported by various investigators. Merselene 
tape, suture button, suture anchors, and screws have been 
used in these studies for CC stabilization (12, 17-20). 
We used the operative technique described by Saccoman-
no et al. for the reconstruction of CC space and AC joint in 
DCF (11). However, a considerable variation exists in the 
methods for anatomical reconstruction of the AC joint (21). 
The differences exist in the type of the construct and the 
graft, the number of clavicular tunnels, methods of fixation 
used for the graft in the acromion, and clavicular tunnels 
in the reported literature. Significant differences in loss 
of reduction were reported between reconstruction vs no 
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reconstruction of the AC joint from the excess tendon tissue 
exiting from the clavicle tunnels favouring the former. 
We found one retrospective study which compared 
outcomes of DCF osteosynthesis between hook plate, and 
Gracilis tendon with a double-loaded suture anchor. Howev-
er, the study did not report on the proportion of patients 
who achieved union in the Gracilis mediated osteosynthe-
sis group (17). Studies have reported ossification in the 
CC space when screws were used for stabilization; howev-
er, another operation is needed for removal of CC screw 
(18-19). The operative technique of the suture button (tight 
rope) is promising, but the fate of the disrupted coracocla-
vicular ligaments in event of non-union in these patients is 
unknown.  Milewski and colleagues reported a lower rate of 
complications in a loop around the coracoid (autograft with 
tape) based anatomical CC stabilizations compared to the 
coracoid tunnel (suture button) in the AC joint disruptions 
(22). The authors reported clavicle fractures, shoulder stiff-
ness, loss of reduction, and infection as the complications in 
the group studied. Though it would be unwise to comment 
on complications associated with the patients in our series 
because of shorter follow up however, we did not have any 
incidence of clavicle fracture due to conoid and trapezoid 
tunnels. The cases in our study united without any infec-
tion. We were able to achieve acceptable outcomes by the 
minimally invasive, biologic, and anatomic osteosynthesis 
technique described in this paper. The time to radiological 
union and functional outcomes in our study group was like 
other studies (6, 8, 14-16).

Limitations of the study
One of the major limitations of this study is the lack of a 
control group. A comparison to a group of similar treatment 
(other methods of CC stabilization) would have revealed the 
true efficacy of semitendinosus based osteosynthesis on the 
DCF.  Another limitation of our study is a very small sample 
size of the patients recruited to the study. Very limited 
conclusions can be drawn from studies with limited sample 
size. One of the limitations associated with our study was 
donor site morbidity from the harvest of semitendinosus 
autograft. However, we tried to minimize it by utilizing only 
one of the hamstrings tendons. A comparative study of our 
technique of treatment in distal clavicle fractures with other 
methods will be useful to get more information on the effi-
cacy of the procedure. 

CONCLUSIONS
We conclude that the extension of the technique of semi-
tendinosus mediated acromioclavicular joint reconstruc-

tion to CC space stabilization in Neer’s type II distal clavicle 
fractures is effective in achieving union and excellent func-
tional outcomes. The need for the second operation is also 
obviated by the technique described here. However due to 
a smaller number of patients and no control group in our 
study the level of evidence is low.  
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SUMMARY
Background. Pelvic Floor Disorders (PFDs) include a wide range of diseases. According 
to biomechanical concepts and previous studies, it can be assumed that there are relations 
between posture and PFDs but there have been many controversial results. This study aimed 
to find out if there is any postural change in women with and without common PFDs. 
Methods. In this descriptive cross-sectional study, a total of 47 women with PFDs and 47 
matched controls (aged 25-45), participated. Static standing posture was measured by photo-
grammetry and flexible ruler for spinal curvature.
Results. In the case group, the lumbar lordosis (p = 0.002) and Q angle (p < 0.001) signifi-
cantly decreased while the thoracic kyphosis (p = 0.002), foot pronation angle (p < 0.001) and 
sagittal shoulder angle (p = 0.002) increased significantly in comparison with the control.
Conclusions. This study showed that some of the postural changes in the spine, shoulder, 
pelvis, and lower limbs were prone to be associated with common PFDs (urinary incontinence, 
fecal incontinence, pelvic organ prolapses, and chronic pelvic pain syndrome).

KEY WORDS
Pelvic Floor Disorders; Urinary Incontinence (UI); Fecal Incontinence (FI); Pelvic Organ 
Prolapses (POP); Chronic Pelvic Pain Syndrome (CPP); posture; photogrammetry; flexible ruler.

The Relationship Between Static Standing Posture 
and Common Pelvic Floor Disorders
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INTRODUCTION
Pelvic Floor Dysfunctions (PFDs) result in a wide range of 
problems such as urinary incontinence (UI), fecal inconti-
nence (FI), pelvic organ prolapses (POP), chronic pelvic 
pain syndrome (CPP), and dyspareunia (1). These dysfunc-
tions affect the quality of life and social relations of patients 
and are prevalent in different societies being higher in 
women than men (2). In a study conducted in Iran (2012), 
42% of women showed at least one kind of PFDs (3) GC. A 
probable association between bony and visceral structures 
of the pelvic floor has been mentioned before (4). There-
fore, in hypothesis, any postural abnormality may alter the 
performance of pelvic muscles and can lead to PFDs.
Some of the previous studies investigated the association of 
posture and PFDs (4-8). Life style and the environment can 

alter the length-tension of muscles in the pelvic, low back 
and hip area so it can change the posture and affect the 
visceral and muscular structures of the pelvic floor (9).
With this hypothesis, it can be assumed that posture may 
influence the activation of Pelvic Floor Muscles (PFM) and 
their coordination with other trunk muscles. There are some 
investigations which studied the relations between different 
temporary postural changes and PFM activation in healthy 
subjects and in subjects with PFDs (10-13).
Other studies have been conducted with this assumption 
that there is such a relationship, and they have examined 
the effects of postural global exercises on the treatment of 
urinary incontinence, and concluded that these exercises 
can be effective in treating the symptoms of these patients 
(14, 15). The relationship between postural changes and 
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PFDs has been shown in some studies. Mattox et al. (2000), 
Nguyen et al. (2000), and Sayah melli et al. (2007) showed 
a decrease in lumbar lordosis and an increase in thorac-
ic kyphosis using different measurement methods in PFDs 
(4, 5, 7). Nygaard et al. (1996), also found that flat foot 
was associated with a risk of urinary incontinence (7). Also, 
protracted shoulder and forward head posture in patients 
with chronic pelvic pain have also been reported (14, 16). 
However, there are controversial studies that did not find 
any significant correlation between the postural variables 
and PFDs (17-19).
Investigation of the relationship between postural changes 
and PFDs can improve the assessment and treatment proto-
cols in patients with PFDs. Although these changes may not 
be the primary cause of PFDs, they can lead to increasing 
pain and symptoms in these patients (9). Besides, therapists 
can use these findings for early preventions and multi-disci-
plinary treatment of such a multi-factorial disorder.  
Therefore, based on the available and controversial evidence, 
this analytical descriptive cross-sectional study was conduct-
ed to evaluate the various aspects of static standing posture 
in women with and without common PFDs using photo-
grammetry to find if there is any probable change in bony 
structure and spinal curvatures. 

MATERIALS AND METHODS

Participants
In this descriptive cross-sectional study, 47 women with 
common PFDs and 47 matched women without any PFDs 
(aged 25-45) participated. Available patients with UI, 
POP or CPP who were diagnosed by a gynecologist and 
referred to the Physiotherapy Clinic were included in the 
case group. The control group was matched in terms of 
age, number of births and Body Mass Index (BMI) with 
the case group. 
Subjects with menopause, pregnancy, history of spinal, hip, 
knee or foot surgery, pelvic and abdominal surgery (includ-
ing cesarean section), smoking, chronic cough, history of 
respiratory diseases, neurological and connective tissue 
diseases, severe depression (Beck depression score > 40), 
osteoporosis (self-reported) and individuals with BMI > 30 
were excluded from the study.

Ethical approval
This study was approved by the Regional Committee for 
Medical Ethics of Tabriz University of Medical Sciences 
(approval number: IR. TBZMED.1395.11). An informed 
consent was approved also by this committee. All the proce-

dure was explained to all of the participants and if they 
agreed with the whole procedure, the written informed 
consent was taken from all of them. This study meets the 
ethical standards of the journal (20).

Outcomes

Depression score
All the participants completed a demographic questionnaire 
and a Beck depression questionnaire. A valid and reliable 
Persian version of the Beck depression questionnaire was used 
(21) to determine the depression score of the participants.

Postural paremeters
Different postural parameters including: 
1. lumbar lordosis and thoracic kyphosis;
2. A) head sagittal tilt angle (the angle between lines cross 

canthus, tragus and horizontal), B) craniovertebral angle 
(the angle between lines cross tragus, spinal process of 
C7 and horizontal), C) rounded shoulder angle (the 
angle between lines cross spinal process of C7, lateral of 
shoulder and horizontal), D) Lumbar curve angle (the 
angle between lines cross spinal process of T12, L1 and 
anterior superior iliac spine (ASIS), posterior superior 
iliac spine (PSIS)), E) pelvic inclination to femur angle 
(the angle between lines cross ASIS, PSIS and greater 
trochanter), F) sagittal pelvic tilt (the angle between lines 
cross ASIS, PSIS and horizontal), G) knee alignment (the 
angle between lines cross greater trochanter, lateral point 
of knee and lateral malleolus), H) lateral ankle alignment 
(the angle between lines cross  lateral malleolus, head of 
fibula and horizontal) in lateral view (figure 1); 

3. A) head coronal tilt (the angle between line cross lobule 
of both ears and horizontal), B) coronal shoulder angle 
(the angle between left and right corocoid process), C) 
coronal pelvic tilt (the angle between lines cross both 
ASIS and horizontal), D) Quadriceps angle (the angle 
between lines cross ASIS, medial point of patella and 
tibial tuberosity) in anterior view (figure 2);

4. A) scapular alignment (the angle between lines cross 
inferior angle of both scapula and horizontal), B) coro-
nal pelvic tilt (the angle between lines cross both PSIS 
and horizontal), C) pronation/supination of foot (the 
angle between lines cross medial and lateral malleolus 
and horizontal) in posterior view (figure 3).

Procedure
In this descriptive cross-sectional study, all evaluations 
carried out by same trained physiotherapist verified by the 
group leader (F. G.). It should be noted that all assessments 
were performed between 11 am to 4 pm. All stages of the 
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Figure 1. Landmarks and angles using 
photogrammetry method (lateral view): 
A) head sagittal tilt angle, B) craniover-
tebral angle (angle between lines cross 
tragus, spinal process of C7 and hori-
zontal), C) rounded shoulder angle, D) 
lumbar curve angle, E) pelvic inclination 
to femur angle, F) sagittal pelvic, G) 
lateral knee, H) lateral ankle alignment.

Figure 3. Landmarks and angles using 
photogrammetry method (posterior 
view): A) scapula alignment, B) coro-
nal pelvic tilt, C) pronation/supination 
of foot.

Figure 2. Landmarks and angles using 
photogrammetry method (anterior 
view): A) head coronal angle, B) coronal 
shoulder angle, C) coronal pelvic tilt, D) 
quadriceps angle. 

study were performed under the supervision of an experi-
enced gynecologist. 
The curvature of the thoracic (from T2 to T12) and lumbar 
spines (from L1 to S1) were evaluated using a flexible ruler 
separately (Forsun 24 Inch (60 cm) Flexible Curve Ruler Flex 
Design Rule). The participants were asked to attain their habit-
ual posture by using a self-balanced position (22). Then the flex-
ible ruler was placed on the landmarks marked on the thoracic 
and lumbar spine separately. Finally, curved ruler transferred 
on paper and thoracic and lumbar spines were evaluated (22).
Photogrammetry was done using a digital camera (Canon 
power shot sx 30 hs) with a height of 90 cm and a distance 

of 3 m from the subject. Reflex markers were located in 
anatomical landmarks and photogrammetric photos were 
taken from the anterior, posterior and the lateral left views. 
The anatomical landmarks included: the lobule of ears, both 
anterior superior iliac spine (ASIS), left and right coracoid 
process tibial tuberosity, the medial point of patella in the 
anterior view; and the inferior angle of scapula, left and 
right Posterior superior iliac spine (PSIS), medial and later-
al malleolus of the left foot in posterior view; and tragus, 
canthus, lateral point of shoulder, spinal process of C7, L1 
and T12, left ASIS and PSIS, medial point of knee joint, 
lateral malleolus, lateral epicondyle of femur, head of fibu-



80 Muscles, Ligaments and Tendons Journal 2021;11 (1)

Posture and Pelvic Floor Disorders

la, greater trochanter of femur. All postural angles were 
measured using AutoCAD 2010. The participants were 
asked to attain their habitual posture by using a self-bal-
anced position before taking the photos (22).
The inter and intra tester reliability was checked by exam-
ining 10 healthy controls and 10 patients in two days by two 
different examiners for both photogrammetry and flexible 
ruler method. Both examiners were experienced physio-
therapists who performed the assessments under the super-
vision of the group leader.

Statistical analysis
The SPSS statistics software 21.0 was used to analyze the 
results. The skewness and kurtosis indexes were checked 
for normality. Kolmogrov-Smirnov test was also checked 
for normality. Independent T-test for variables with normal 
distribution to compare the results between the two groups. 
Intercorrelation coefficient (ICC) was used to determine 
inter and intra tester reliability of the photogrammetry.

RESULTS
The inter and intra tester reliability were checked between 
the two different testers in two different days. Inter tester 
(ICC = 0.88 ± 0.09) and intra tester (ICC = 0.95 ± 0.02) reli-
ability were acceptable.

Table I. Participant’s demographic information. 

Variable 
Case 

group (N:47)
Control 

group (N:47) P-value
     Mean ± SD        Mean ± SD

Age 37.74 ± 6.29 37.43 ± 6.17 0.805

BMI 25.83 ± 2.60 25.87 ± 2.30 0.901

Table II. Results of independent T-test analysis in case and control groups. 

Variable 
Case group (N: 47) Control group (N: 47)

P-value
   Mean ± SD Mean ± SD

Beck depression score    10.70 ± 5.08    6.02 ± 2.70   < 0.001*

Quadriceps angle (degree)    15.70 ± 6.40   22.40 ± 5.40   < 0.001*

Pronation/Supination of foot (degree)      6.90 ± 7.10   12.20 ± 4.30   < 0.001*

Rounded shoulder angle (degree)   - 0.40 ± 9.30 - 10.40 ± 9.70       0.002*

Lumbar Lordosis (degree)     31.29 ± 8.90   37.06 ± 9.03       0.002*

Thoracic kyphosis (degree)    34.80 ± 4.80    31.9 ± 3.70       0.002*

Head sagittal tilt (degree)    15.90 ± 8.10    18.4 ± 6.60         0.107

Craniovertebral Angle (degree)    46.50 ± 6.70   47.60 ± 5.50         0.362

Pelvic inclination to femur angle  - 18.09 ± 5.40 - 17.06 ± 5.60         0.374

Pelvic sagittal tilt (degree)  - 18.09 ± 5.40 - 17.06 ± 5.60         0.374

Knee alignment (extension/flexion) (degree)   184.80 ± 3.80 184.40 ± 2.80         0.563

Lateral ankle alignment (degree)      97.60 ± 3.90   97.50 ± 2.70         0.880

Head coronal tilt (degree)      - 0.80 ± 2.60   - 0.60 ± 1.90         0.655

Pelvic Coronal tilt ant view (degree)      - 0.60 ± 3.30   - 0.30 ± 2.20         0.774

Pelvic Coronal tilt posterior view (degree)      - 0.10 ± 3.00     0.40 ± 1.09         0.313

Scapular alignment (degree)      - 0.70 ± 2.40   - 0.40 ± 1.90         0.457
The negative amount indicates the left side of the body is higher. *Indicates significant difference between both groups.

There was no significant difference between the two groups 
in terms of age and BMI (p > 0.05) (table I). Frequency 
distribution of participating women showed 30.9 percent 
UI, 9.9 percent POP, 7.4 percent CPP and 2.1 percent 
more than one disorders. The case group showed higher 
scores in the Beck depression test (10.7 ± 5.08) in compar-
ison with the controls (6.72 ± 2.7) (p = 0.001).
Kolmogrov-Smirnov test showed normal distribution in all 
variables. Variables with a significant difference between the 
two groups were: lumbar lordosis was significantly decreased 
(p = 0.002) in the case group (31.29 ± 8.9 degrees) compared 
to the control group (37.06 ± 9.03 degrees) and thoracic 
kyphosis was significantly increased in case group (34.8 ± 
4.8) compared to control group (31.9 ± 3.7) (table II). 
The angle of the quadriceps was significantly decreased in 
case group (15.7 ± 6.4 degrees) compared to control group 
(22.4 ± 5.4 degrees) (p < 0.001). Foot pronation angle in 
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case group (6.9 ± 7.1 degrees) was significantly lower in 
comparison with control group (12.2 ± 4.3 degrees) (p < 
0.001). The sagittal shoulder angle in the case group (-0.4 ± 
9.3 degrees) was significantly lower compared to the control 
group (10.4 ± 9.7 degrees) (p = 0.002).
Other postural variables (head sagittal tilt angle, craniover-
tebral angle, pelvic inclination to femur angle, sagittal pelvic 
tilt, knee alignment, lateral ankle alignment, head coronal 
tilt, coronal pelvic tilt, scapular alignment) that we evaluat-
ed did not show any significant difference between the case 
and control groups.

DISCUSSION
This study demonstrated that the women with PFDs had 
higher depression score, rounded shoulder, thoracic hyper 
kyphosis, lumbar hypo lordosis, knee Varus and foot prona-
tion in comparison to the control group. It would be recom-
mended that physiotherapists evaluate the patient’s posture 
and faulty postures as well as PFDs.
Higher depression score in patients with PFD was shown 
as PFD are associated with decrease in the quality of life 
and also have high impact on social relationships and 
self-image (23, 24). The increase in thoracic kyphosis and 
decrease in lumbar lordosis in patients with PFDs are one 
of the findings of this study which are in line with most of 
the previous studies (4-6). The decrease in lumbar lordo-
sis is one of the factors that increased intra-abdominal 
pressure, led to compressed pelvic floor structures which 
could lead to some changes in soft tissues around the 
pelvic and results in pelvic mal-alignment (5, 25). In fact, 
if these forward and backward curvatures maintain their 
normal structure, they are among the important support-
ive levels in absorbing intra-abdominal pressure before 
they reach the pelvic structures. There are limited studies 
about postural abnormalities in patients with PFDs.
Capson et al. (2011) studied the role of lumbopelvic 
posture in PFM activation in healthy subjects and showed 
higher resting PFM activity in hypo lordotic posture (10). 
Ptaszkowski et al. (2017) showed the increase of PFM 
synergistic muscles activation in posterior pelvic tilt in 
incontinent patients (11). These two studies investigat-
ed the effects of a temporary posture on PFM activation, 
but habitual posture is different because compensations 
during time can change the activation pattern of muscles. 
However, increasing PFM activation during a day in a 
habitual posture may result in fatigue and weakness of the 
muscles and ultimately PFDs.

There was one controversial study (2016) which reported 
no significant thoracic and lumbar curvature changes in 
patients with PFDs using spinal x-rays. But there was no 
time limitation and a specific position for taking X-rays so it 
could be the point of these controversial results (17).
On the other hand, studies have shown that an increased 
rate of depression can be another reason for the kyphotic 
posture and rounded shoulder in PFD patients (26).
By changing the spinal curvatures and according to the closed 
kinematic chain rule, posterior pelvic tilt in relation to hypo 
lordosis and hyper kyphosis may lead to a pronated foot (27) 
as was seen in the present study. The ankle pronation may 
cause internal rotation of the tibia and lateral rotation of the 
femur this can reduce the angle of the quadriceps and knee 
Varus in PFD patients (28). The results of Montenegro et 
al. (2009), Miranda et al. (2009) and Ansarian et al. (2014) 
about the knee and ankle alignment of women with PFDs 
are inconsistent with this study. It may be because of the way 
of measuring postural changes; previous studies used obser-
vational methods for evaluating posture (16, 18, 29).
As with any other studies, the current study might have 
some limitations, including the small sample size and no 
golden standards for the evaluation of posture like x-rays. 
Furthermore, based on the findings of this study, more vari-
ables might differ in patients with PFDs, although due to 
our limitations in measurement instruments such as: using 
only one camera to capture, probable human errors in evalu-
ations, we were not able to identify other probable changes.
It would have been appropriate to correlate these data with 
electromyography or other muscle activation tests and find-
ings of Magnetic resonance imaging (MRI) as these methods 
were not used in our study.

CONCLUSIONS
This study showed that some of the postural changes in the 
spine, shoulder, pelvis, and lower limbs are associated with 
PFDs, so therapists should take this aspect of PFDs into 
account for the prevention and treatment of the patients. 
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SUMMARY
Background. Physical activity promotion in young adults is found to be associated 
with improved psychosocial well-being and academic performance. Recently smart-
phones are found to be a potent means for promoting physical activity. So far no study 
has compared smartphones and traditional walking prescriptions in improving func-
tional capacity and compliance in college adults. 
Methods. Of  77 participants recruited, only 26 adult sedentary undergraduates with 
step count less than 7500 steps/ day were completed one of the two interventions: 
American College of Sports Medicine (ACSM) guided walking (n = 14) and smart-
phone application (SMART) guided walking (n = 12). The pre and post-intervention 
oxygen uptake (VO2), anaerobic threshold (AT at VO2), heart rate (HR) and ventila-
tory equivalents of carbondioxide (VE/VCO2) were measured by metabolimeter (K5, 
Cosmed, Italy). After normalization, continous variables of VO2,  AT at VO2, VE/
VCO2, HR were analysed by two way analysis of variance (2 X 2 ANOVA) at a level of 
significance of 0.05. 
Results. Twenty six participants completed the study. Except treadmill distance and 
time, all exercise test variables including aerobic capacity (3.20 ml/kg/min, d = 0.492) , 
anaerobic threshold (- 11.03, d = 0.769), ventilatory equivalent of carbon dioxide (2.32  
ml/kg/min, d = 0.801), heart rate (- 10.50  b/min, d  = 0.0792)  improved significantly. 
Compliance was found to be 17.65% greater in the SMART than ACSM group. 
Conclusions. Physical activity promotion is efficient with SMART group than routine-
ly administered traditional exercise prescription in improving the functional capacity 
of sedentary adults. Long-term compliance may be better with smartphone guided 
exercise prescription.
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Physical activity; maximal aerobic capacity; smartphone; sedentary behaviour.

Are Smartphones Better in Guiding Physical 
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INTRODUCTION
According to the Global Action Plan for Physical activity 
(2018-2030) proposed by World Health Organization, the 
prevalence of physical inactivity incidence is high in Low 
Middle-Income Countries (LMIC) including India (1). 
When compared to adults, the prevalence of physical inac-
tivity is higher in adolescents with a drop in the activity level 
during the transition from school to college (2, 3). This low 
physical activity may be due to poor infrastructure, cred-
it pressures and traditional seated academic curriculum in 
developing countries (2). 

Physical activity (PA) implementation in schools and 
colleges has shown to improve quality of life and academic 
performance, and prevent cardio-metabolic risk in later life 
(2). Habitual PA is found to reduce frailty in muscle-ten-
don system, degeneration (4) and recently found to predict 
sarcopenia in older adults too (5). PA, in the form of walking, 
cycling and playing during breaks can be easily prescribed 
and integrated into school and college setups to reduce 
physical inactivity (6). Over the years, PA is prescribed using 
the metabolic calculations guided by American College of 
Sports Medicine (ACSM). These calculations are based on 
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the maximal oxygen uptake (VO2 max) values measured by 
carrying out demanding tests in a well-established setup 
using open-circuit calorimetry (7). Exercise intensity rang-
ing between 50% - 85% of individual VO2 max value is 
prescribed to maintain or enhance cardiorespiratory fitness. 
This traditional method is followed for the past two decades 
but may fail in promotion of cardiorespiratory fitness due to 
poor compliance (8).
Recently, Smartphone applications (SmPh App) are found 
to influence human behaviour through social networking, 
self-motivation and goal-setting (6, 9). SmPh Apps such as 
Google Fit are designed to automatically track step counts 
and distance with an inbuilt magnetometer and glob-
al positioning system (GPS) respectively. Google Fit is a 
user-friendly application as it is simple, free of cost, with 
informal feedback and networking options (10). Few studies 
have been conducted to validate the Smartphone accelerom-
eters in measuring step count (7, 8, 11). However, Google 
Fit has not been used by researchers as an intervention to 
measure and influence PA in sedentary adults. 
We conducted a pilot trial to investigate the effective way 
to prescribe PA based on compliance and change in func-
tional capacity in college-going adults. The aim of the study 
was also to compare the effect of SmPh App (SMART) and 
traditional (ACSM) walking prescription on functional 
capacity on cardiorespiratory fitness of college-going adults. 

METHODS
The study was conducted at the Department of Exercise and 
Sports Science of Manipal Academy of Higher Education 
after ethical approval from the Kasturba Medical College 
and Hospital Institutional Ethics Committee. The trial was 
also registered prospectively under the Clinical Trial Regis-
try of India (CTRI/2018/01/011605). All participants were 
recruited after obtaining informed written consent. All the 
procedures were conducted according to the research ethics 
as described in the Declaration of Helsinki, and as required 
by the journal (12). The research study was completed in two 
phases. The study was planned and conducted, taking into 
consideration the examination schedule of all the students. 

Phase I

Participants
Healthy adult volunteers of both the genders of age group 
18-25 years, having android smartphones were recruited 
through advertisements across the university campus and 
Facebook. Group familiarization session was conducted to 
explain the study design and Google FIT application usage. 

Students with any cardiovascular, pulmonary, and neuro-
muscular diseases affecting functional capacity and partic-
ipants with recent surgeries, and musculoskeletal pain > 
3/10 on the visual analogue scale were excluded from the 
study. Besides, the presence of any diagnosed depression 
and history of taking anti-anxiety or anti-psychotic drugs 
were also included in the exclusion criteria. 

Measurement
Average daily step count was measured using Smart-
phone-based (SmPh) application ‘Google FIT’. We found a 
moderate to high validity of the step count in SmPh app (r 
= 0.83) when compared to a gold standard triaxial acceler-
ometer (Actipal, PAL technologies, Glasgow, United King-
dom) on 12 male undergraduate volunteers in (an unpub-
lished) pilot study conducted by us. The mean SmPh-app 
based pedometer step count is found to have less error (z 
= - 2.59; p < 0.01) compared to accelerometer steps (cpm) 
on two different treadmill (calibrated) walk speeds (3 kmph 
and 5 kmph). During the monitoring period, male volun-
teers were requested to carry their smartphones in the right 
trouser pocket, while female students were given a pouch 
to strap to the right thigh. They were instructed to carry the 
mobile phone throughout the day except while bathing and 
sleeping. The step count (primary accelerometer data) was 
monitored over seven days, and everyday step count and the 
non-wear time was logged into an activity diary. The prima-
ry investigator collected the snapshots of the participant’s 
weekly averaged step count with individuals coded on the 
WhatsApp group.

Phase II

Participants 
Based on the data collected in the Phase I, young adults 
leading sedentary life [with characteristics of step-count 
less than 7500 steps from the average daily smartphone step 
count (10, 13), low aerobic capacity (VO2) <  35 and 40 
ml/kg/min for females and males respectively (14)] were 
included into the study. Measurement of VO2max quan-
tification is explained in the measurement section below. 
The volunteers randomised to Exercise testing dates were 
rescheduled if female participants had menstrual periods. 

Maximal aerobic capacity (VO2max) measurement
The maximal aerobic capacity (VO2max) was assessed by 
administering a modified Bruce treadmill protocol on all 
participants using indirect calorimeter (K5, Cosmed, Italy, 
2014). The portable metabolimeter was calibrated for flow, 
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reference gas and delay as per manufacturer standards. All 
participants were familiarised to treadmill (h/p cosmos 
quasar, Italy) walking and the study protocol before admin-
istering the baseline measurement. Treadmill ergometer 
was calibrated for speed and grade as per earlier reliabili-
ty study (15) prior the exercise testing of each participant. 
As per the modified Bruce protocol, students had to walk 
or run on the treadmill at incremental speeds and inclina-
tions after warming up. Speed or inclination of the graded 
exercise test progressed after every 3 mins and the protocol 
was as follows: 2.7 km/hr with 0% inclination, 2.7 km/h 
at 5%, 2.7 km/h at 10%, 4 km/hr at 12%, 5.5 km/hr at 
14% and 6.8 km/hr at 16%. The criteria to terminate the 
test was: 1) plateau in VO2; 2) Respiratory Exchange Ratio 
(RER) > 1.10; 3) Heart Rate (HR) > 95% HRmax (age-pre-
dicted maximal heart rate: 208 – 0.7 x age (16)); and 4) Rate 
of Perceived Exertion (RPE) on Borg Scale more than 16. 
Participants were encouraged throughout the test to push 
themselves till the point of exhaustion. VO2 was collected 
breath by breath through telemetric portable metabolimeter 
(K5, Cosmed, Italy) and then transferred to the Omnia soft-
ware. Peak heart rate (HR peak), maximal aerobic capac-
ity (VO2peak), treadmill test duration (min) and stage of 
Modified Bruce Protocol at which exhaustion or VO2peak 
achieved were noted from the software after data reduction. 
After completion of four weeks of intervention, the aerobic 
capacity (VO2) using the metabolimeter was again measured 
using a modified Bruce treadmill exercise testing protocol. 
Peak heart rate (HR peak), maximal aerobic capacity (VO2 

peak), treadmill test duration (min) and stage of Modified 
Bruce Protocol at which exhaustion or VO2peak achieved 
were analysed for intervention effects. 

The sample size for intervention phase
To get a minimum detectable difference of at least 1 ml/kg/
min in VO2 at self-selected speeds (17), at least 24 partic-
ipants were needed to attain a power of 80% and level of 
significance 95% allowing dropout of 20% using the formu-
la (Zα/2 + Zβ)

2 *2*σ2/d2 where  σ is 0.47 ml/kg/min and d is 
0.6. After analysing step count and maximal aerobic capac-
ity (VO2max), 29 sedentary college students were included 
in the study. 

Randomization
Participants were randomly allocated into two interven-
tion groups: ACSM and SMART, using computer-generated 
randomization. Sealed envelopes disclosing the intervention 
group details were opened after the participants signed the 
informed consent.

Intervention
This was a four-weeks interventional study, comparing 
the functional capacity of the participants who received 
traditional (ACSM) and smartphone-based (SMART) 
exercise prescription. A familiarisation session was given 
regarding ACSM based exercise intensity and step count 
progression for four weeks. The student volunteers were 
randomly allocated to ACSM based exercise prescription 
(ACSM) group and Smartphone-based exercise prescrip-
tion (SMART) group. Both the groups were provided 
with the diary log with tabulated exercise prescription 
and attendance sheet for validation of the compliance. 

SMART group
For the Google FIT app-based group, we considered 7,500 
step/day as the baseline for less active category (13). To 
improve or maintain cardiovascular health, recent evidence 
finds 10000 steps/day to be a valid criterion measure and 
globally recommended practise(18). Participants from the 
SMART group were requested to walk 8500 steps/day in 
the first week of intervention. Later 1000 steps/day were 
added every week till completion of four weeks of interven-
tion. Thus, in the final week of intervention, students were 
requested to walk 11, 500 steps/day thus reaching the global 
recommendations (18). The SmPh app is designed to auto-
matically track the step count per day, and the primary inves-
tigator monitored weekly average step count. All partici-
pants were given weekly feedback regarding the progression 
of step count through a short message service (SMS) and 
WhatsApp. Weekly progression of step count was moni-
tored by the primary investigator through WhatsApp group 
with participant coded rather than names. 

ACSM group
In the case of ACSM group, the walking regimen was 
prescribed based on their VO2 peak achieved by the indi-
viduals during pre-maximal exercise testing. We applied the 
ACSM running equation to estimate the walking distance 
and time for all students. 
ACSM running equation: VO2 (ml. kg-1.min-1) = (0.2 × S) + 
(0.9 × S × G) + 3.5 ml.kg-1.min-1.
(Where, S = Speed and G = Grade). When walking on 
ground level (flat), G = 0. Thus the final equation is: VO2 
(ml. kg-1.min-1) = (0.2 × S) + 3.5 ml.kg-1.min-1.
Week wise speed calculation:
• for first week, S1 = 50% to 60% of VO2 (ml .kg-1.min-1) – 

3.5 (ml .kg-1.min-1) / 0.2.
• for second week, S2 = 60% to 70% of VO2 (ml .kg-1.

min-1) – 3.5 (ml .kg-1.min-1) / 0.2.
• for third week, S3 = 70% to 80% of VO2 (ml .kg-1.min-1) 

– 3.5 (ml .kg-1.min-1) / 0.2.
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• for fourth week, S4 = 80% to 90% of VO2 (ml .kg-1.min-1) 
– 3.5 (ml .kg-1.min-1) / 0.2.

Target distance to be walked (meters) = Target speed (m/
min)/ minute. Target distance in 30 minutes = Target 
distance in one-minute x 30 minutes. All the participants 
were prescribed walking distance based on individual basis. 
All participants were requested to walk the prescribed 
distance every day for 30 minutes for four weeks consecu-
tively, with a gradual increment in the prescribed distance 
they had to cover in 30 minutes. This walking prescription 
was within the range of 50% to 90% of individual VO2max. 

At least 80% of attendance in the activity log was included 
for analysis.

STATISTICAL ANALYSIS
Continuous measures such as step count, aerobic capacity 
(VO2), ventilatory equivalent of carbondioxide (VECO2), 
anaerobic threshold (AT at VO2), treadmill distance and 
time were summarized as mean and standard deviations 
using descriptive statistics. The distribution of baseline vari-
ables of subjects who were lost to follow-up were assumed 
due to random factors.  Per protocol analysis was followed 
for missing data. Raw data was tested for normality of 
distribution (Shapiro Wilk test) and homogeneity of vari-
ance (Levene’s test). As the data was normally distribut-
ed, two-way repeated measures ANOVA was administered 
to compare intervention groups (SMART & ACSM) with 
timing of the interventions (PRE and POST). Mixed-effects 
models were used to study changes in VO2, VECO2, AT, 
TD and TT related to group (SMART; ACSM), time, and 
group × time interaction, adjusting for baseline demograph-
ic variables. If significant effects were observed, post-hoc 
comparisons were performed as appropriate, with Bonfer-
roni corrections for multiple comparisons. The treatment 
effect size will be estimated using Cohen’s ‘d’. Cohen’s d = 
(M2 - M1) ⁄ SDpooled where SDpooled = √ ((SD1

2 + SD2
2) ⁄ 2) where 

M2, M1 and SD1, SD2 are mean differences and standard 
deviations among the intervention groups, respectively. The 
preference among SMART and ACSM group towards inter-
ventions was assessed using the Mann Whitney U test. A p 
value of less than 0.05 was considered statistically signifi-
cant. Data were analyzed using the statistical package, SPSS 
22.0 (IBM, Chicago).

RESULTS
Out of 132 volunteers, only 29 (21.97%) sedentary adults 
[7 males and 22 females] were found eligible for the study 
based on the baseline measures:  step count (< 7.500 steps/

day) and VO2 values (VO2peak < 35 ml/kg/min in females 
and < 40 ml/kg/min males), and entered into the random-
ization. The overall flow of the participants is shown in the 
CONSORT diagram (figure 1). 
Out of 29 students, 26 (SMART group n = 12; ACSM 
group n = 14) adults completed the four weeks interven-
tion program, and we used their data for statistical analysis. 
In our study, 35.06% of females and 9.09% of males were 
sedentary (figure 2). 
Out of 17 participants in the ACSM group, 14 completed 
(82.35%) whereas all 12 participants in the SMART group 
(100%) completed the intervention. Preference towards 
SMART intervention was statistically significant than ACSM 
physical activity intervention (Z = 3.086;  p = 0.006).
The baseline characteristics of the 26 participants complet-
ed; both interventions are demonstrated in table I. 

Effect of type and timing of interventions 
The interaction (group x time) effects showed a statistically 
significant difference among VO2, VECO2, AT at VO2 and 
HR (p < 0.05) whereas no difference is noted in treadmill 
time and distance (table III). Only main effects showed 
statistically significant difference in TT [f = 6.09 (1.26)] and 
TD [f = 4.04 (1.26)]  among interventions (table III). There 
is a significant difference in VO2 by 3.20 ml.kg-1min-1 (9.56 
%),  VECO2 slope by 11.03, AT at VO2 by 2.32 ml/kg/min 
and HR by 11 beats/min (p < 0.05) whereas TD and TT 
did not show any significant  difference among interventions 
(table II). We also found a moderate effect size ( 0.4 – 0.8) in 
SMART than ACSM group among the exercise testing vari-
ables as seen in table II. Figure 3 depicts the changes among 
the significant exercise testing variables. 

DISCUSSION
We found smartphone-based PA intervention improves 
functional capacity (VO2max & VECO2) and fatigue levels 
(treadmill time and anaerobic threshold) than traditional 
metabolic calculation driven physical activity prescription. 

Effect of technology-based intervention on 
exercise testing variables
In our study, after four weeks of walking intervention, 
we found an average of 9% increase in VO2 in smart-
phone-based PA prescription group than ACSM based PA 
prescription. We hypothesise that the determinants such 
as goal setting and motivation might have improved the 
compliance towards the prescribed step count and reflected 
improved VO2, VECO2 and fatigue variables (AT, TD) (19). 
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Figure 1. CONSORT diagram showing the recruitment of participants.

We propose smartphone based physical activity promotion 
may be an appropriate behavioral intervention satisfying 
the theory of planned behavior and reasoned action (20). 
We agree to the earlier studies that has found PA associated 
with muscular, ligament structural adaptations (21), cardio-
vascular dynamics thereby improving VO2, VECO2 slope 
and anaerobic threshold. We did not find any significant 
difference in the treadmill time and distance. We hypoth-
esised that our both interventions focused on the walk-
ing, thus might not have caused any effect on the walking 
distance or time. If we had a control group, we might have 
mitigated this insignificant finding. 

Compliance towards PA intervention
Most of our study participants preferred smartphone-based 
PA intervention than traditional PA intervention. Thus, we 
agree with (22) that PA administered using smartphone 
applications may improve long-term adherence. Hence, 

to gain the maximum benefits like reduction in risk of 
cardiometabolic disorders and improvement in psychoso-
cial well-being and quality of life, it is vital to be compliant 
with the optimal amount of PA regimen (23).

Prevalence of sedentary behavior
We found that 1 in 2 females and 1 in 5 males of college 
adults are sedentary in our study population. Our study 
results comply with the ICMR-INDIAB study (24) that 
54.4% were inactive (58.3% females). Probable reasons for 
inactivity in females may be due to perceived incompetence 
and lack of family support towards sporting behaviour in 
female college students (25).

Strengths of our study
1) To our knowledge, this is the first Indian study to address 
sedentary behaviour of college students and to demonstrate 
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Figure 2. Prevalence of sedentary behaviour (< 7500 steps/day) in participants.

Table I. Baseline characteristics of all participants. 

Variables
SMART Group (n = 12) ACSM Group (n = 14) Difference

(P < 0.05)Mean ± SD Mean ± SD

Age (years) 22 ± 2 21 ± 4 0.314

Gender (n) Male (3); Female (9) Male (4); Female (10) -

Body Mass Index 23.3 ± 1.82 22.7 ± 2.34 0.265

Diet (Kcal) 2130 ± 236 1984 ± 474 0.368

Aerobic capacity
(VO2 in ml/kg/min)

28.92 ± 5.25 28.46 ± 3.28 0.735

Treadmill distance (m) 679.50 ± 50.62 750.07 ± 89.65 0.241
SMART: Smartphone application-based break reminders; ACSM: American College of Sports Medicine prescribed physical activity group.

the efficacy, feasibility of introducing a social cognitive 
model-based intervention to improve PA level. 2) Upcom-
ing smartphone application-based (technology-assisted) 
physical activity prescription is compared to the tradition-
al gold standard physical activity prescription method. 3) 
Dropouts very minimal with the Smartphone guided walk-
ing prescription, which is distinct finding supporting behav-
ioral theoretical framework. 

The weakness of our study
Our study lacks control group that reduced the isolated 
effect of smartphone-based PA intervention in sedentary 
young adult community. We recommend future studies to 
compare the smartphone based behavioral promotion with 
control wait list group to isolate the effects of the inter-
vention Our study was administered in a single multifacet-
ed university to generalize the results to the young adults 
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Table II. Post hoc between-group comparisons and effect size for event related potentials (ERPs) that showed significant 
interaction between intervention and electrodes. 

Electrodes Task Mean ± SD
Pre Post Pre vs post SMART vs ACSM Cohen’s d

Aerobic capacity   (VO2 
in ml/kg/min)

ACSM 28.64 ± 3.28 29.96 ± 4.76 1.50  ± 3.72* 3.20 ± 4.02** 0.492

SMART 28.17 ± 4.60 33.58 ± 3.92 5.42 ± 2.50**

VECO2 (slope) ACSM 33.94 ± 2.52 33.34 ± 2.24 - 0.60 ± 2.14* -11.03 ± 3.98** 0.769

SMART 34.16 ± 2.66 29.43 ± 2.11 - 4.73 ± 2.50**

Anerobic threshold 
(VO2 at AT)

ACSM 13.48 ± 1.69 14.42 ± 2.49 0.94 ± 1.76 2.32 ± 2.26* 0.801

SMART 14.99 ± 1.75 17.71 ± 1.70 2.72 ± 0.93

Treadmill 
distance (meters)

ACSM 751.07 ± 89.65 759.04 ± 91.00 7.96 ± 36.24 17.00 ±  6.33 0.451

SMART 679.50 ± 50.62 750.46 ± 23.60 70.96 ± 57.32

Treadmill 
time (minutes)

ACSM 13.34 ± 0.93 13.54 ± 0.91 0.21 ± 0.49 1.56 ± 0.77 0.457

SMART 12.63 ± 0.51 13.22 ± 0.43 0.59 ± 0.63

Heart Rate peak 

(beats/min)
ACSM 174.14 ± 5.27 171.93 ± 3.81 - 2.21 ± 5.34 -10.50 ± 5.97* 0.792

SMART 173.83 ± 4.20 165.25 ± 4.22 - 8.58 ± 3.87
VECO2 – Ventilatory equivalent of Carbon dioxide; Heart Rate peak – Maximal Heart rate occurred during the stress test; SMART – Smartphone based phys-
ical activity promotion; ACSM – American College of Sports Medicine; ‘*’ represents p < 0.050; ‘**’ represents p < 0.010.

Table III.  Results of 2*2 (intervention*time) analysis of variance analyses for exercise testing variables. 

Variable Main effect of intervention Main effect of time Interaction effects 
(intervention*time)

F Value (df) P value F Value (df) P value F Value (df) P value
Aerobic capacity (VO2) 2.84 (1.26) 0.022* 6.49 (1.26) 0.014* 1.721 (1.26) 0.010**

VECO2 (slope) 7.66 (1.26) 0.008** 16.00 (1.26) 0.000** 9.611 (1.26) 0.003**

Anerobic threshold (VO2 at AT) 19.54 (1.26) 0.000** 11.35 (1.26) 0.001** 2.70 (1.26) 0.015*

Treadmill distance (meters) 4.04 (1.26) 0.049* 3.92 (1.26) 0.053 2.50 (1.26) 0.121

Treadmill time (minutes) 6.09 (1.26) 0.017* 3.60 (1.26) 0.062 0.858 (1.26) 0.359

Heart Rate peak (beats/min) 8.05 (1.26) 0.007** 19.22 (1.26) 0.000** 6.89 (1.26) 0.013*
VECO2 – Ventilatory equivalent of Carbon dioxide; Heart Rate peak – Maximal Heart rate occurred during the stress test; SMART – Smartphone based phys-
ical activity promotion; ACSM – American College of Sports Medicine; F – Fischer’s value of ANOVA; ‘a’ represents p < 0.050; ‘b’ represents p < 0.010.

around the globe. However, we tried to limit this weakness 
through appropriate randomization. Further, we attained 
the sample size to illustrate the needed change in the aero-
bic capacity after the intervention. We also used western-
ized metabolic equations to establish the speed/ distance of 
the walking prescription, which may not be appropriate for 
the Indian population. 

Limitations
Despite strengths, few limitations worth addressing are: 1) 
though familiarized, the sedentary adults recruited in this 
study were not very well acquainted to walk on the tread-

mill. Thus the VO2 values obtained from the graded maximal 
exercise test was their peak and not maximal. 2) Further-
more, we had to use the ACSM running equation to estimate 
walking speed in our study, which may not be appropriate for 
the Indian population. Future Indian trials should establish 
the validity for estimating the appropriate speed/ distance 
of walking through ACSM equations. 3) Smartphone-based 
position and activity monitoring are improving with time but 
still is not foolproof, wholly accurate and reliable. Future 
randomized controlled trials should target a larger sample 
and administer customized applications at varied positions 
for accurate measurement and influence of long-term adher-
ence to PA program in the community.  
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Figure 3. Boxplots demonstrating the significant differences in maximal exercise test variables among interventions: A. Aerobic 
capacity (ml/kg/min). B. Anerobic Threshold (ml/kg/min). C. Ventilatory equivalent of carbondioxide slope and D. Peak Heart 
Rate (beat/min).

CONCLUSIONS
We conclude that PA prescription using smartphone appli-
cation is more effective in improving functional capacity 
when compared to the traditional way of exercise prescrip-
tion and PA promotion. Therefore, PA can be introduced, 
prescribed, promoted and improved effectively with better 
compliance for long-term functional and health benefits 
using smartphone applications as a medium. 
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SUMMARY
Background. Unaccustomed exercise can cause muscle damage, pain, and delayed onset 
of muscle soreness (DOMS) that may lead to temporary functional impairments. Perform-
ing yoga poses have many health benefits like it, increases flexibility, reduces anxiety 
and stress, and pain relief. The present study aimed to measure the effects of yoga poses 
performed before the various intensities of elbow and knee eccentric contraction (ECC) 
exercise protocol with a full (FROM) and partial range of motion (PROM). 
Methods. Thirty participants aged between 18 and 30 years performed yoga before ECC 
protocols (weeks 3, 5, 7, 9) and ECC protocols without yoga poses (weeks 2, 4, 6, 8) on 
elbow and knee muscles (5 × 10 repetitions each session) using their 25%/35% of maxi-
mal voluntary isometric contraction (MVIC). The subjective and objective assessments 
were carried out (activities of daily living (ADL), pain (visual analog scale (VAS), pain 
pressure threshold (PPT)), and MVIC. 
Results. The ECC exercise with FROM without yoga showed moderate pain (0-3.5) in 
ADL, VAS, and PPT for elbow extensors and knee flexors and showed a statistically signif-
icant difference (p ≤ 0.05) compared to PROM without yoga ECC exercise protocol. ECC 
exercise performed with FROM without yoga induced a higher degree of DOMS, pain, 
ADL limitations than PROM without yoga. Yoga before PROM ECC protocol showed 
less pain, DOMS in ADL (pulling a heavy), VAS, and PPT for elbow flexors and knee 
extensors. The overall percentage of increased MVIC value at the end of the study was 
between 32.60 and 45.02%. 
Conclusions. Upper extremity (extensors) muscles are more prone for DOMS and pain 
when compared to lower extremity muscles. Yoga stretching poses before eccentric exer-
cise protocol may have an effect in reducing DOMS and pain.
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Exercise; pain; functional limitations; muscle soreness; yoga.

Pre-Exercise Strategies: Effect of Yoga Poses on 
Various Intensities of Eccentric Exercise-Induced 
Pain and Functional Limitations
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INTRODUCTION
Post-exercise muscle soreness or pain, also known as delayed 
onset of muscle soreness (DOMS) develops within 24 hours 
of exercise (1, 2). Exercise involving eccentric (ECC) muscle 
contractions results in greater muscle tissue damage or injury 
than does concentric (CON) exercise (1, 3). The magnitude 
of muscle damage is influenced by intensity, repetition, veloc-
ity, and range of motion (ROM; muscle contraction length) 
(4, 5). Individuals can experience DOMS in varying degrees 
depending upon their level of fitness and the intensity and 
type of exercise performed. For example, a sedentary individ-
ual may experience a severe amount of DOMS than an athlete 

for a given set of exercise intensity. In severe DOMS, indi-
viduals may feel pain, temporary discomfort, and difficulty in 
performing activities of daily living (ADLs).  Several research-
ers have reported various interventions to treat DOMS (1, 5-7).
Yoga popularity has grown tremendously in the past several 
years to treat many diseases. Yoga involves a process of physi-
cal and mental training including breath control, simple medi-
tation, and the adoption of specific bodily postures. Yoga is 
widely practiced for health and relaxation. Performing yoga 
poses have tremendous health benefits like relief pain (8-12) 
and improve flexibility and balance (13), muscle strength (14, 
15), skeletal muscle oxygen uptake (16), and lung function 
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(17) and many more. Yoga poses are recommended along 
with workout sessions at the gym. Yoga can be performed 
before or after the exercise protocol depends upon intensity, 
type, and repetitions of the exercise protocol, and the types 
of yoga poses. In the published literature search, we could 
find a single study showing the effect of yoga poses on ECC 
exercise induced DOMS. A study by Boyle et al. (18) showed 
that yoga training and a single bout of yoga appear to atten-
uate peak DOMS in women following a bout of bench-step-
ping eccentric exercise. 
We hypothesized that the intensity of functional impairment, 
DOMS, pain, and muscle strength would be lower when yoga 
poses performed before ECC exercise protocol, compared 
with those without yoga poses, but performed only ECC 
exercise protocol. We choose specific yoga poses that involve 
elbow and knee muscle groups to see the effect of yoga on the 
ECC exercise protocol with full and partial range of motion.  
The purpose of the present study was to determine the 
effects of yoga poses performed before the various inten-
sities of the elbow and knee ECC exercise protocol with 
different range of motion (ROM).

METHODS

Study Design
A cross-sectional study with an experimental design was 
conducted to investigate the effects of yoga poses performed 
before the various intensities of elbow and knee exercise 
protocol with different ROM.

Subjects
Thirty untrained active healthy individuals (12 men and 18 
women) were recruited after the screening procedure at the 
University of New England (UNE) students aged between 18 
and 30 years. The study has been approved by the authors’ 
Institutional Review Board (UNE/IRB-20180508-004) and 
conducted in the Biology Research lab at Alfond Center for 
Health Sciences (ACHS) building and Campus Center Gym, 
UNE, Maine, USA. The study procedure was explained 
to all the participants and written informed consent was 
obtained prior to their participation in the research study. 
The author who involved in this study has followed the inter-
national ethical principles as well as the ethical standards of 
the Muscle, Ligaments and Tendons Journal (19).

Procedures
This study was carried out for a period of nine weeks that 
included: Week 1 – pre-test screening, the familiarization 

session, and MVIC calculation. Every week, the research 
participants were called for six days where only two days 
(day 1 and day 4) performed ECC exercises on elbow flex-
ors, elbow extensors, knee flexors and knee extensors and 
remaining days 2, 3, 5 and 6, subjective (ADLs, Visual 
analog scale (VAS) and objective (Pain pressure threshold 
(PPT)), and muscle strength (MVIC)) assessments were 
carried out by the investigators. Weeks 2, 3, 4, and 5 – 
elbow and knee ECC exercise protocol using their MVICs 
(25% (week 2), yoga + 25% (week 3), 35% (week 4) and 
yoga + 35% (week 5)) at a partial range of motion (PROM) 
(60° of total ROM – an outer range of motion), subjective 
and objective assessments, and post ECC protocol MVIC 
calculation; weeks 6, 7, 8, and 9 – elbow and knee ECC 
exercise protocol using their MVICs (25% (week 6), yoga 
+ 25% (week 7), 35% (week 8) and 35% (week 9)) at the 
full range of motion (FROM), subjective and objective 
assessments, and post ECC protocol MVIC calculation 
(figure 1). 

Familiarization
Week 1 – day 1 (visit 1): the investigator reviewed the study 
and the informed consent form with research participants. 
The study procedure including step by step to do maxi-
mal voluntary isometric contraction (MVIC) and eccen-
tric (ECC) exercises in four of their muscle groups (elbow 
flexors, elbow extensors, knee flexors, and knee extensors), 
associated risks that may arise due to their participation, 
and the benefit of this research project were explained. 
The five yoga poses were selected and demonstrated using 
yoga mats to all the research participants by the certified 
yoga instructors. The yoga poses were performed by the 
research participants before PROM and FROM ECC exer-
cise protocol in weeks 3, 5, 7, and 9 (2 days per week). Yoga 
sessions were conducted as a group activity and repeated 
five times. All yoga sessions were started with a breathing 
exercise (6-8 times). A total duration of 20-30 mins was 
spent on each yoga session. The five yoga poses are: 
a) child’s pose – participants sat on the heels, then slowly 
brought their forehead down to rest in front of their knees. 
Rested the arms down alongside the body and took eight 
deep breaths. 
b) thread the needle pose – participants sat on the heels and 
slid the right hand between the left hand and left knee. Slid 
the arm all the way out to the left so that the right shoulder 
and side of the head rested comfortably on the floor. Then, 
inhaled and reached the left hand up towards the ceiling. 
At first, explored the posture with the arm, found the place 
where the participant felt the deepest stretch, then stayed 
there and reached out through the fingers. Breathed and 
held for 6-8 breaths. To release: exhaled the palm back to 
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the floor and slowly inhaled back to sitting on the heels. The 
same was repeated on the other side. 
c) eagle arms – participants stood tall in mountain pose. 
Wrapped one leg around the other, brought their bent arms 
out in front and wrapped their arms together in the opposite 
way, and slightly bent knees. Perched on a tree-like an eagle. 
Breathed and held for 6-8 breaths. 
d) cow face pose – participants sat in a crossed-leg posi-
tion, right leg over the left. Spread the legs as far apart as 
possible without bending their knees. The participant bent 
the left knee and placed the bottom of the left foot against 
the inner left thigh. Brought their left heel as close to the 
perineum as possible. Kept their left knee on the floor. After 
that, grasped the right foot with the left hand, and kept the 
foot on the floor, placed the heel of the right foot against 

the front-left portion of the left buttock. The right knee was 
directly on top of the left knee. Inhaled slowly through the 
nostrils and raised the right hand over the head and bent 
the right elbow. Reached behind the back with the left 
hand and clasped the fingers of both hands (forming an “s” 
shaped lock). Maintained the posture comfortably hold the 
inhaled breath. Later, exhaled slowly and then repeated the 
posture reversing the arms and legs. Breathed and held for 
6-8 breaths. 
e) hands overhead in wide-legged forward bend – from 
mountain pose, stepped their feet out wide and bent their 
upper body and clasped the hands together. Pretended 
that the participant’s arms were the trunk of an elephant. 
Then, kept their hands overhead. Breathed and held for 6-8 
breaths (figure 2). 

Figure 1. Simplified experimental design.
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Figure 2. The yoga stretching poses were performed by the research participant.

The MVICs were performed on four selected muscles using 
a hand-held dynamometer (Lafayette Instrument, Manual 
Muscle Testing (MMT) Device, Pro-Health Care, USA) for 
4 positions: 1) elbow flexion at 90 degrees; 2) elbow exten-
sion at 90 degrees; 3) knee flexion at 90 degrees; and 4) knee 
extension at 90 degrees. Depending on the visit, 25% or 35% 
of MVICs were calculated for the ECC exercise protocol.

Baseline delayed onset of muscle soreness (DOMS) 
assessment after MVIC testing
Week 1: after 24 hours of familiarization, the assessment of 
the ADL, DOMS, pain, and muscle strength were carried out.

Subjective assessments
A) health activities of daily living (ADL) difficulty scale – the 
following questions were asked. The pain scale ranged from 
0 (no pain) to 10 (worst pain). For elbow: 1. Combing hair, 
2. Eating with a fork or spoon, 3. Pulling a heavy object, 4. 
Using arm to rise from a chair, 5. Carrying an object above the 
shoulder, 6. Putting on shirt/coat, 7. Washing opposite armpit 
and back for knee: 1. Getting in and out of car, 2. Walking on 
the flat ground, 3. Ascending stairs, 4. Descending stairs, 5. 
Getting in and out of bed, 6. Bending to pick up from the floor. 
B) visual Analog Scale (VAS) – the level of muscle sore-
ness was quantified using an 11 points VAS in which 0 indi-



96 Muscles, Ligaments and Tendons Journal 2021;11 (1)

Effect of Yoga on Exercise Induced Muscle Pain

cated “no pain” and 10 represented “extreme pain”. The 
participants were asked to mark the level of perceived sore-
ness on the VAS when the elbow flexors, elbow extensors, 
knee flexors, and knee extensors are palpated in a circular 
motion by the investigator.
C) the delayed-onset of muscle soreness (DOMS) was 
assessed by asking the participants to perform the move-
ments at the elbow and knee joints (flexion for extensors 
and extensors for flexors) and pain level was recorded based 
on the verbal response of the participants. 

Objective assessments
Pressure Pain Threshold (PPT) – PPT is the minimum 
amount of force that can be applied to induce pain, that was 
measured using an electronic algometer (Baseline 60-pound 
Dolorimeter/Algometer Pain Threshold Meter, Pro-Health 
Care, USA). The VAS and PPT measurements helped us 
to compare the research participants’ pain responses in the 
induced DOMS.

Eccentric (ECC) Exercise Protocol 
with PROM and FROM
The calculated elbow and knee flexors or extensors, 25% 
or 35% of MVIC was attached to the research participant’s 
wrist and ankle using Ultimately Fit Adjustable Ankle 
Weights (Hayneedle Company, USA) and facilitated the 
PROM and FROM ECC exercise protocols. The dynamic 
adjustable ROM controlled elbow and knee joint splints 
(T Scope® Elbow Premier (07254) and T Scope® Premier 
Post-Op Knee Brace (08814), BREG, USA) were used to 
limit the partial ROM (60° of total ROM – the outer range 
of motion) while performing ECC protocols with PROM. 
These splints have locks to control the ROM so unexpect-
ed or uncontrolled movements at the elbow and knee of 
the subjects were prevented. We did not use any splint 
or external devices while performing ECC protocols with 
FROM (weeks 6-9) (figure 1). 

ECC Exercise Protocol
Each week (week 2-9) – participants were introduced to 
ECC exercise on day 1 and 4 (5 sets of 10 repetitions for 
all four muscle groups) at PROM/FROM with calculat-
ed 25%/35% of MVIC. Post- ECC Exercise assessment: 
day 2, 3, 5 and 6 – After every ECC exercise protocol, 
the subjective and the objective assessments were carried 
out for 48 hours to see the functional impairment involv-
ing elbow and knee joints. The muscle strength (MVIC) 
was calculated for all four muscle groups at the end of 
each week.

Statistical analysis
Statistical analysis was carried out using GraphPad Prism 
software (version 8.2.0), San Diego, CA. The paired-sample 
t-test and repeated measures one-way ANOVA with Tukey’s 
multiple comparison tests were carried out to compare the 
difference between pre-exercise, yoga with PROM ECC 
protocol, and yoga with FROM ECC protocol MVICs. 
Statistical significance was set at an alpha level at p ≤ 0.05.

RESULTS
In general, yoga before the PROM ECC protocol (25% 
of MVIC) showed less pain, DOMS, and muscle strength 
when compared to FROM ECC protocol without yoga 
poses (35% of MVIC). The pain level while pulling a heavy 
object (ADL) showed a moderate pain (pain level 3.7) at 
week 8 and mild pain (pain level 0.5) at week 3 and did 
show a statistically significant difference (p ≤ 0.05) between 
them. Other ADL activities pain levels were less (pain level 
0-0.5) and did not show any statistically significant differ-
ence between yoga prior to PROM and yoga prior to FROM 
ECC exercise weeks.
The pain level of VAS and DOMS assessments are shown 
in figure 3. Yoga prior to PROM ECC protocol (weeks 3 
and 5) showed less pain on elbow extensors and knee flex-
ors than yoga prior to FROM ECC protocol (weeks 7 and 
9) in both VAS and DOMS assessments. Yoga prior to 
PROM ECC protocol (weeks 3 and 5) showed less pain on 
elbow extensors and knee flexors than PROM ECC proto-
col without yoga poses (weeks 2 and 4) in DOMS assess-
ment and did show a statistically significant difference (p 
≤ 0.05) between them. FROM ECC protocol without yoga 
poses (week 6 and 8) showed a moderate pain (pain level 
2-4) on elbow extensors and knee flexors than yoga prior 
to FROM ECC protocol (week 7 and 9) in both VAS and 
DOMS assessments and did show a statistically significant 
difference (p ≤ 0.05) between them.
PPT was compared between yoga prior to PROM and FROM 
exercise protocols (table I). The moderate PPT (pain level 
4.2) was measured at the mid-belly of triceps brachii in the 
FROM ECC protocol without yoga poses (35% of MVIC) 
at week 8 and mild PPT (pain level 6.6) was measured in the 
yoga prior to PROM ECC protocol (25% of MVIC) at week 
3. Mid-belly of the biceps brachii and mid-upper anterior 
thigh PPT values showed minimal pain and did not show any 
statistically significant difference between them.  Both VAS 
and PPT results showed that elbow extensors with FROM 
ECC protocol at week 8 had moderate pain compared to 
elbow flexors, knee flexors, and knee extensors.
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Figure 3. Visual analog scale (VAS) and delayed on set of muscle soreness (DOMS) comparison between pre-yoga with partial 
range of motion (PROM) and pre-yoga full range of motion (FROM) eccentric exercise protocols.

Table I. PPT comparison between yoga prior to PROM and yoga prior to FROM exercises using repeated measures 
one-way ANOVA with Tukey’s multiple comparison test.
Weeks EE KF

MD (sig.) MD (sig.)

Week 2 vs week 3 0.42 (ns) 0.42 (ns)

Week 4 vs week 5 1.252 (****) 0.667 (*)

Week 6 vs week 7 1.52 (****) 1.12 (****)

Week 8 vs week 9 1.987 (****) 1.663 (***)

Week 3 vs week 5 0.12 (ns) 0.12 (ns)

Week 5 vs week 9 0.133 (ns) 0.12 (ns)

Week 3 vs week 7 0.12 (ns) 0.13 (ns)

Week 5 vs week 9 0.132 (ns) 0.22 (ns)

PPT – pain pressure threshold; PROM – partial range of motion; FROM – full range of motion; EE – elbow extensors; KF – knee flexors; week 2 – PROM 
exercise with 25% of MVIC and no yoga; Week 3 – yoga then PROM exercise with 25% of MVIC; week 4 – PROM exercise with 35% of MVIC and 
no yoga; week 5 – yoga then PROM exercise with 35% of MVIC; week 6 – FROM exercise with 25% of MVIC and no yoga; week 7 – yoga then FROM 
exercise with 25% of MVIC; Week 8 – yoga then FROM exercise with 35% of MVIC; week 9 – yoga then FROM exercise with 35% of MVIC; ns – not 
significance; * – significance; MD (sig.) – mean difference (significance).
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Yoga prior to PROM and FROM MVICs (weeks 3, 5, 7, 9) 
were compared and showed statistically significant differ-
ences (p ≤ 0.05) between them for all four muscle groups 
are shown in figure 4. The MVIC mean difference was 
increased with weeks. At the end of PROM ECC protocol 
(end of week 5), MVIC values were increased between 10.81 
and 14.01% whereas after the FROM ECC protocol (end of 
week 9), MVIC values were increased between 17.63 and 
25.21%. The overall percentage of increased MVIC value at 
the end of the study was between 32.60 and 45.02%.

DISCUSSION
The eccentric  (ECC) exercises are a more effective way 
to  exercise  muscles than concentric exercises. Eccentric 
contractions work the muscle harder with less energy than 
concentric contractions. However, unaccustomed ECC may 
cause muscle damage, pain, DOMS that may lead to tempo-
rary functional impairments (20). Only temporary impair-
ment (pain, soreness, reduced muscle performance) is asso-
ciated with DOMS (21). No evidence exists to support the 
idea that DOMS is associated with long-term impairment or 

reduced muscle function. The level of ECC induced muscle 
pain and DOMS are influenced by intensity, repetition, and 
range of motion (ROM; muscle contraction length) (4).
The selected yoga poses were performed only prior to the 
ECC protocol. Should we do yoga before or after ECC 
protocol?  This depends on many factors. For example, if 
the exercise depends more on flexibility than strength, then 
we would rather do it before the exercise and vice versa. 
The general belief is that yoga can be best performed after 
a strengthening exercise where we can focus all the muscle 
groups used and stretched. This may help to recover faster 
and can also aid in bringing the heart rate back down and 
relax. We can also do yoga as a warm-up. To take advan-
tage of yoga before an exercise, make sure that we are doing 
dynamic stretches. Dynamic stretches will help to pump the 
heart and warm up the muscles, preparing for the exercise 
protocol. Even, yoga can be performed as a workout by 
continuing the poses for a longer time.
Performing certain yoga poses have many health bene-
fits like increases flexibility, mobility, reduces anxiety and 
depression, mood, and stress, and, in many cases, all-nat-
ural pain relief (22). This study results showed that yoga 

Figure 4. Maximal voluntary isometric contraction (MVIC) (muscle strength) on the muscles studied during the study process.
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prior to PROM ECC protocol on elbow and knee showed 
less pain, DOMS, and muscle strength when compared to 
FROM ECC protocol without yoga poses. The ECC proto-
cols performed without yoga poses showed more pain and 
DOMS. The participants performed mild (25% of MVIC) 
to moderate (35% of MVIC) intensity ECC protocols and 
the yoga poses prior to ECC protocol were effective in 
relieving the muscle pain and DOMS.  
The evidence suggests that joint ROM used during ECC exer-
cise may also affect the muscle damage response (23, 24). De 
Giorgio et al. (25) study combined the yoga with back school 
intervention that lowered the anxiety, kinesiophobia and 
disability on the participants. Roya et al. (26) evaluated asso-
ciation of muscle fatigue with cervical ROM and concluded 
that cervical side bending was associated with changes in neck 
pain. The participants performed ECC protocol with PROM 
felt less pain and DOMS than ECC protocol with FROM. 
Greater the ROM ECC induces pain and DOMS where-
as smaller the ROM ECC showed less pain and DOMS. In 
FROM ECC protocol the muscle is stretched that caused for 
the muscle damage, pain, and DOMS. In PROM ECC proto-
col the muscle is not stretched and minimal or no muscle 
damage, less pain, and DOMS.  In this study, many factors 
like ROM, intensity, number of contractions, type of muscle 
contractions (ECC or CON), muscle groups exercised (flex-
ors or extensors), and with or without yoga have influenced 
to determine the level of pain and DOMS.  The participants 
performed ECC protocol with yoga poses perceived mild or 
no pain on elbow flexors and knee extensors. The partici-
pants performed ECC protocol without yoga poses perceived 
moderate pain on elbow extensors and knee flexors. Muscle 
strengths (MVIC) were increased in all the muscle groups 
studied. FROM ECC protocol increased the muscle strength 
compared to the PROM ECC protocol.  

In general, yoga poses involve many muscle groups of the 
body. Certain yoga poses work on specific muscle groups 
along with adjacent muscles. Child, thread the needle, 
eagle arms, cow face pose, and hands overhead in wide-
legged forward bend poses were performed in the study for 
20-30 mins. The selected yoga poses involved all the muscle 
groups studied (elbow and knee) in this study. One of the 
challenges was to distinguish the effect of yoga on elbow 
and knee muscle groups alone. Studied muscle groups 
were limited to elbow and knee joints. Participants did not 
perform yoga poses after the ECC protocol. These were the 
limitation of the study.

CONCLUSIONS
Yoga prior to ECC protocol reduces the pain and DOMS 
on the elbow flexors and knee extensors compared to elbow 
extensors and knee flexors. Upper extremity (extensors) 
muscles are more prone to DOMS and pain when compared 
to lower extremity muscles. Yoga stretching poses prior to 
eccentric exercise protocol may have an effect in reducing 
DOMS and pain.
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SUMMARY
Background. Blood flow restriction (BFR) training is gaining increasing attention in 
the scientific community. Studies using exercise combined with blood flow restric-
tion have shown muscle strength and size improvement. In fact, the main feature of 
BFR training is that can elicit muscle hypertrophy and strength adaptations using light 
external loads (20-30% one repetition maximum, 1RM) comparable to what is typical-
ly seen following high-load (HL) training programs with 70-85% 1RM. This specific 
training has applications for individuals who may not be able to tolerate the mechan-
ical stresses associated with higher loads, such as the elderly or injured; thus, several 
investigations have focused on implementing BFR exercise within older and clinical 
populations. However, the effects of this kind of technique in healthy athletes are not 
clear in scientific literature. The purpose of this study is to conduct a systematic review 
with meta-analysis to evaluate the qualitative and quantitative results of blood flow 
restriction training in healthy athletes.
Methods. PRISMA guidelines were used to carry out the systematic review and 
meta-analysis. Three electronic databases were searched: MEDLINE, PEDro, and the 
Cochrane Library. Papers included in the study have the following characteristics: a) a 
randomized controlled trial or clinical trial design of research, b) studies investigating 
physiological effects of BFR training in healthy athletes and c) published in English. 
The approach to data extraction was chosen on the basis of the Cochrane Methods. 
Studies quality and risk of bias of the clinical trials included were evaluated according 
to a Jadad score and through meta-analysis.
Results. After the elimination of duplicates, 164 records were screened. Among these, 
14 studies were included in the systematic review. Seven of these were involved in the 
meta-analysis. From the qualitative analysis, a larger number of studies were found 
with a low level of quality. 
Conclusions. The application of BFR positively influences muscular adaptations 
compared with exercise under normal blood-flow conditions, in terms of increased 
VO2 max, higher strength increase, and muscles adaptations. Thus, BFR provides a 
feasible, promising, and beneficial complementary training stimuli when used in a 
controlled environment supervised by trained and experienced personnel.
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INTRODUCTION
Athletes who compete, although in different types of sports, 
usually they use strength and resistance training to enhance 
sport-specific muscular development and subsequent 
performance (1-4). Historically, heavy exercise loads of 

approximately 70% of an individual’s one repetition maxi-
mum (1RM) have been deemed necessary to elicit muscle 
hypertrophy and strength gains (5). The American College of 
Sports Medicine (ACSM) recommends loads of 60%-70% 
of the maximum load a person can lift (1 repetition maxi-
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mum (1RM)) to develop muscle strength, and 70%-85% 
1RM to produce muscle hypertrophy (6). In recent years, 
research has demonstrated that augmentation of low-load 
resistance training with Blood Flow Restriction (BFR), also 
known as Kaatsu training (7), to the active musculature can 
produce significant hypertrophy and strength gains (8-11), 
using loads as low as 30% 1RM (7). BFR training has been 
found to yield hypertrophy responses comparable to that 
observed with heavy load resistance training (12).
The BFR in such exercise protocols is typically achieved by 
restricting blood flow to the muscle with the application 
of external pressure via a tourniquet (13), pressurized cuff 
(14), or elastic banding (15) that is applied over the proxi-
mal portion of the upper or lower extremities. It has been 
suggested that the external pressure applied is sufficient to 
maintain arterial inflow whilst occluding venous outflow 
of blood distal to the occlusion site (16), although here, it 
is difficult to envisage sufficient arterial inflow, since such 
restricted venous return is likely to reduce inflow of blood 
to the muscle.
The cuff restricts arterial blood flow and venous return, caus-
ing a greater rate of muscle fatigue than normal conditions 
(17). This reduced blood flow is thought to induce an isch-
emic/hypoxic environment that enhances the training effect 
in exercising muscle, leading to increased muscle mass and 
strength (9, 18-21). Despite the fact that the robust effects 
of BFR resistance training in producing muscle hypertro-
phy have previously been documented by numerous stud-
ies (16, 18-30), the underlying mechanisms responsible for 
such effects remain poorly understood. 
Some of the proposed mechanisms involved in the hypertro-
phic response from low-load BFR training include: elevat-
ed systemic hormone production (27, 28), cell swelling 
(29, 30), increased production of reactive oxygen species 
(ROS) (16, 24, 31), increased recruitment of fast-twitch 
muscle fibres (18, 32-34), intramuscular anabolic/anti-cat-
abolic signaling (22, 35, 36), reactive hyperemia (37). In a 
very recent study, authors using coefficient of variation of 
force (CVf) and surface electromyographic signal (sEMG) 
suggest peculiar pattern of neuromuscular fatigue (38).
Additionally, while both low-load BFR training and tradi-
tional high-load training may work through alternate mech-
anisms, they appear to both be reliant on the activation of 
the mechanistic target of rapamycin (mTOR) pathway, as 
evident by the blunted protein synthetic response when 
rapamycin, an mTOR suppressor, is administered (39, 40). 
Despite the low level of mechanical tension associated with 
BFR resistance training, both mechanical tension and meta-
bolic stress are primary factors of muscle hypertrophy, it 
seems reasonable to argue that metabolic stress plays the 
dominant role (41).

However, at present these are mainly hypothetical and theo-
retical-based associations.
The advantage of low loads and thus reduced mechanical 
stress for joints and bones (12) is of particular interest for 
populations who are not capable of lifting near-maximum 
loads or for whom high loads may be contraindicated, such 
as in clinical rehabilitation or elderly populations. 
It is precisely for this reason that there are numerous studies 
on this type of patients in the literature, while the produc-
tion of papers on healthy patients is much more limited. In 
fact, although BFR training is also used on athletes during 
rehabilitation, it could also be very useful during athletic 
preparation, to limit loads and therefore limit the incidence 
of injuries.
The main aims of this review were to conduct a meta-anal-
ysis to examine the effects of LL-BFR training in healthy 
athletes, and a systematic analysis to examine study quali-
ty and reporting with a focus on safe and effective applica-
tion of BFR. Thus, the objectives of this review were to: 1) 
compare the effects of BFR training to both low- and heavy-
load training without BFR; 2) systematically review stud-
ies examining BFR training in healthy athletes; and 3) from 
the results of the systematic analysis, examine and provide 
recommendations regarding safe and effective implementa-
tion of BFR training in healthy athletes.

METHODS
This study was conducted by a research group composed 
by medical doctors and rehabilitation professionals from 
the “Sapienza” University of Rome and from “Rehabilita-
tion & Outcome Measure Assessment” (R.O.M.A.) associ-
ation. R.O.M.A. association in the last few years has dealt 
with several systematic reviews and the validation of many 
outcome measures in Italy (42-56).

Study design
This systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines (57), on the basis 
of a prospectively defined review protocol submitted 
to PROSPERO.

Search strategy 
A literature search to identify research papers examin-
ing BFR training in healthy athletes was carried out on 
the following databases from inception to 1st April 2020 
PubMed, Cochrane (Embase), PEDro. The title and 
abstract of each study were screened; exercise training stud-
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ies utilizing BFR were selected. The reference list of relevant 
papers was also examined. The exact search terms were: 
“blood flow restriction” OR “occlusion” OR “kaatsu” AND 
“athletes” OR “sport” OR “well trained”. 

Inclusion and exclusion criteria
No restrictions were applied to publication period, neither 
to the country in which the study was conducted. The 
search was limited to studies published in English. Restric-
tion was applied on study designs. Only experimental stud-
ies were included, both Randomized Controlled Trials and 
Clinical Trials. Studies that include comparison between 
Blood Flow Restriction Training and different training (or 
no training) was considered. Only studies about chronic 
adaptments after BFR were included in this review: any 
acute studies, case studies, single-arm studies or those not 
published in a scientific peer-reviewed journal in English 
were excluded from meta-analysis.

Risk of Bias
Following the instructions in the Cochrane Handbook for 
Systematic Reviews of Interventions (26), risk of bias was 
assessed using six criteria that were individually rated for 
each study. In this context, selection bias, performance bias, 
detection bias, as well as attrition and reporting bias were 
considered by the reviewer.

Study selection and data extraction
Titles, keywords, and abstracts identified through the 
databases were screened independently by two review-
ers (PF and GG) and those failing to match the inclu-
sion criteria and any duplicates were excluded. After the 
first screening, the primary reviewer selected the relevant 
studies and assessed them against the inclusion criteria. 
A second reviewer then cross-checked the studies. After 
the second screening, studies that did not fit the inclu-
sion criteria were systematically excluded and others that 
appeared pertinent were identified. A final list of eligi-
ble studies was compiled, and any disagreements were 
resolved by a third reviewer or by consensus. From the 
remaining eligible papers, data were recorded relating to: 
1) study design; 2) clinical population characteristics; 3) 
rehabilitation protocol: type, frequency, occlusion charac-
teristics, training load and duration of BFR training; and 4) 
outcome measure. Data regarding the safety of BFR imple-
mentation were obtained from the systematic analysis of 
the studies. Data were extracted using a custom spread-
sheet composed by PF.

Strategy for data synthesis 
A narrative synthesis of the findings of the included stud-
ies was provided, structured around the type of interven-
tion, BFR characteristics, type of outcome, and intervention 
content. A quantitative synthesis of the benefits of blood 
flow restriction in healthy athletes was discussed.

Meta-Analysis
Data analysis was performed by one author (PF) and 
reviewed by the second author (GG). The quantitative anal-
ysis was conducted by comparing outcomes. Data were 
extracted in the form of mean, SD, and sample size for the 
meta-analysis.

RESULTS

Search results 
A total of 214 records were identified. Fifty duplicate records 
were excluded, and the remaining 164 were screened. After 
reading the titles, 145 studies were excluded. After the 
exclusion of 5 records for inappropriate research design 
(acute studies), 14 studies (18, 58-69) were included in the 
qualitative synthesis. Seven (59, 61, 63-65, 67, 69) of the 14 
studies examined were included in the quantitative synthe-
sis. Figure 1 represents the selection process of the study. 
Table I contains information about the characteristics of 
included studies.

Study characteristics: clinical populations 
and BFR training interventions 
The sample size in the studies varied from 12 (61, 66) to 62 
(66) participants. The majority of the participants were men 
with mean ages ranging from 19.2 ± 1.8 (68) to 27 ± 3.4 years 
(68). One study does not report the ages of the patients (69).
The subjects were athletes of different sports disciplines: 
football (59, 63, 64), track and field (57, 62, 69), rugby (58, 
18), netball (60) basketball (61), rowing (65), futsal (66). In 
two studies the sport practiced was not specified (67, 68).
BFR was achieved using either pneumatic cuffs, practical 
cuffs, hand pumped blood pressure cuffs or elastic wraps 
ranging from 3 to 13 cm in width. Occlusive pressure across 
studies ranged from 160 to 230 mmHg. Studies either 
selected a pressure based on previous research, on total 
limb occlusive pressure, on moderate perceived pressure, or 
on systolic blood pressure. The duration of the BFR training 
intervention ranged from 3 to 8 weeks, with a frequency of 
2 to 6 training sessions per week. Two studies did repeated 
sessions on the same day (61, 69). 
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• Sub-acute studies (n = 2)
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Figure 1. Flow chart of study selection process.

Outcome measures 
Muscle strength was assessed by measurement of isokinet-
ic peak torque (18, 66, 68) squat (58, 59, 63, 64, 65), bench 
press (58, 59, 64). Muscle size was assessed by examining 
muscle CSA, (60, 62, 18, 69) muscular architecture (63) and 
muscle thickness (57, 59, 64, 68). Cardiovascular fitness 
and aerobic endurance were measured by VO2 max (60, 
61, 65, 67). Studies that assessed physical function included 
running sprinting time (57, 60, 63, 69) running skills (67), 
sport related performance test (66), jumping task (60, 63, 
69) and EMG values (18, 66). Studies reported hormones 
values, like cortisol (57, 58) testosterone (57, 58), growth 
hormone (57), IGF-1 (57, 66) and MSTN (66).

Risk of Bias 
The main findings from the risk of bias assessment were that 
all the studies could not blind participants and no study 
included in this review specified the blinding of outcome 
assessment. Other main findings conceal group allocation, 
and sequence generation was largely unreported. From the 
qualitative analysis, a small number of studies were found 
with a high level of quality (57, 65, 68) (figure 2).

Meta-Analysis 
There is a growing interest in the use of BFR training as a clin-
ical MSK rehabilitation tool, and its use is becoming increas-
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Figure 2. Risk of bias.

ingly widespread, even for athletic preparation. However, 
the effectiveness of this novel training modality in healthy 
athletes has not been examined. Therefore, this review has 
provided insight into its effectiveness in healthy athletes.
The quantitative analysis was carried out by comparing 
outcomes and follow-ups. This pool was based on compa-
rable outcomes, and comparable times of follow-up has 
allowed consideration of seven studies in the meta-analysis, 
with six comparable outcomes:
Those studies are as follows:
1. Comparison of exercise protocol + BFR vs. exercise proto-
col concerning outcome 1: VO2 max (ml/min/kg), follow-
up 2-6 weeks. The studies of Park et al. (2010), Held et al. 
(2019) and Paton et al. (2017) (61,65,67) were considered. 
At baseline, there are no differences between the groups, 
which are homogeneous (P = 0.86). Mean difference = 0.33, 
95% Confidence Interval (CI) = - 2.87, 3.52. Meta-analysis 
revealed statistically significant results (P = 0.0002) in favor 
of the experimental group compared to the control group 
(mean difference = 5.33, 95% Confidence Interval (CI) = 
2.54, 8.11) (figure 3).
2. Comparison of exercise protocol + BFR vs. exercise 
protocol concerning outcome 2: Bench press (kg) follow-
up 4-7 weeks. The studies of Yamanaka et al. (2012), and 
Luebbers et al. (2014) (64, 59) were considered. At baseline, 
there are differences between the groups, which are heter-
ogenous (P = 0.007). Mean difference = 3.87, 95% Confi-
dence Interval (CI) = - 4.76, 12.49. Meta-analysis revealed 
results statistically not significant (P = 0.10) in favor of the 
experimental group compared to the control group (mean 

difference = 7.75, 95% Confidence Interval (CI) = - 1.46, 
16.96) (figure 4).
3. Comparison of exercise protocol + BFR vs. exercise 
protocol concerning outcome 3: Squat (kg) follow-up 4-7 
weeks. The studies of Yamanaka et al. (2012), and Luebbers 
et al. (2014) (64,59) were considered. At baseline, there are 
differences between the groups, which are heterogenous (P 
= 0.005). Mean difference = - 5.96, 95% Confidence Inter-
val (CI) = - 17.36, 5.43. Meta-analysis revealed results statis-
tically not significant (P = 0.06) in favor of the experimen-
tal group compared to the control group (mean difference 
= 11.46, 95% Confidence Interval (CI) = - 0.66, 23.58). 
Heterogeneity change, (P = 0.54), which represents moder-
ate heterogeneity in the results (figure 5).
4. Comparison of exercise protocol + BFR vs. exercise 
protocol concerning outcome 4: Thigh Girth (cm) follow-
up 4-7 weeks. The studies of Yamanaka et al. (2012), and 
Luebbers et al. (2014) (64, 59) were considered. At baseline, 
P = 0.25 groups represented moderate heterogeneity in the 
results. Mean difference = - 0.07, 95% Confidence Interval 
(CI) = - 2.38, 2.25. Meta-analysis revealed results statisti-
cally not significant (P = 0.58) in favor of the experimental 
group compared to the control group (mean difference = 
0.66, 95% Confidence Interval (CI) = - 1.67, 3.00). Hetero-
geneity change, (P = 0.11), which represents higher hetero-
geneity in the results (figure 6).
5. Comparison of exercise protocol + BFR vs. exercise 
protocol concerning outcome 5: Chest Girth (cm) follow-
up 4-7 weeks. The studies of Yamanaka et al. (2012), and 
Luebbers et al. (2014) (64, 59) were considered. At baseline, 
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Figure 3. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 1: VO2 max.

Figure 4. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 2: Bench press (kg).

P = 0.32 groups represented moderate heterogeneity in the 
results. Mean difference = - 0.78, 95% Confidence Interval 
(CI) = - 4.09, 2.53. Meta-analysis revealed results statisti-
cally not significant (P = 0.89) in favor of the experimental 
group compared to the control group (mean difference = 
0.22, 95% Confidence Interval (CI) = - 2.83, 3.27). Hetero-
geneity change, (P = 0.15), which represents higher hetero-
geneity in the results (figure 7).

6. Comparison of exercise protocol + BFR vs. exer-
cise protocol concerning outcome 6: 0-10 m Dash time 
(sec) follow-up 15-16 sessions. The studies of Scott et al. 
(2016), and Abe et al. (2005) (63, 69) were considered. 
At baseline, mean difference was = 0.02, 95% Confi-
dence Interval (CI) = - 0.03, 0.08. Meta-analysis revealed 
results statistically not significant (P = 0.54) in favor of the 
experimental group compared to the control group (mean 
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Figure 5. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 3: Squat (kg).

Figure 6. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 4: Thigh Girth (cm).

difference = 0.01, 95% Confidence Interval (CI) = - 0.03, 
0.06 (figure 8).

DISCUSSION
The meta-analysis has pointed out that Blood Flow Restric-
tion Training could be a valid option for improve physical 
performances in healthy athletes. 

The quantitative analysis in the studies of Park et al. (2010), 
Held et al. (2019) and Paton et al. (2017) (61, 65, 67) under-
lines statistically significant results (p = 0.002) concerning 
VO2 max, with a large increase in favor of BFR group. 
Several studies (61, 67, 70-75) as discussed in a recent 
review (76) directly looked at the impact of BFR combined 
with aerobic exercise on aerobic capacity and performance, 
reporting that BFR during aerobic exercise at light inten-
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Figure 8. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 6: Dash 0-10 m (sec).

Figure 7. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 5: Chest Girth (cm).

sities caused improvements in aerobic fitness and aerobic 
performance in young adults when using occlusion pres-
sures of 130 mmHg or greater. Proposed mechanisms for the 
VO˙2 max adaptations of BFR amplification, are the follow-
ing: BFR can increase the central cardiovascular response 
during exercise (77) by elevating heartrates, systolic blood 
pressure and diastolic blood pressure compared to the same 
exercise under non-occluded conditions (78-80). 

One study reported a decline in both metabolite clearance 
and oxygen delivery during BFR application (81). 
In recent times, Christiansen et al. (82) showed increases in 
muscle ancillary protein, peroxisome proliferator-activated 
receptor-γ co-activator 1α (PGC-1α mRNA) and phospho-
lemman isoforms (FXYD1) during BFR exercise, which was 
related to increased oxidative stress and fiber type-depen-
dent AMPK signaling. 
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Generalizing, it’s possible argue that the described acute 
responses of BFR might have led to a greater training stim-
ulus (compared to none BFR training), which could induce 
corresponding VO˙2 max improvements. However, this 
remains speculative. Our study indicates that that the appli-
cation of BFR induces large increases of VO˙2 max even in 
highly trained athletes, and this makes the results even more 
noteworthy.
The qualitative analysis of the RCTs included in this system-
atic review provides interesting results regarding strength 
improving. The quantitative analysis shows significant 
results, even if not statistically relevant (P = 0.06) concerning 
muscle strength evaluated with Squat (kg) in the studies of 
Yamanaka et al. (2012), and Luebbers et al. (2014) (64, 59).
Interestingly, even if at baseline the mean difference was 
- 5.96 in favor of CG, after intervention became + 11.46 
in favor of IG, with a significant improvement in squat 
performances.
The results are similar on the bench press, although not 
statistically significant (P = 0,10) as shown in meta-anal-
ysis. In this context, reviews (12) and meta-analyses (83, 
84) showed that low load training with BFR applica-
tion induced superior strength and hypertrophy adap-
tations than low load training without BFR. BFR meth-
ods seemed to generate similar hypertrophy adaptations 
when compared to high load resistance training, but lower 
strength adaptations (84).
Endurance and strength capacities are recommended to 
be trained separately (85) as interference effects between 
strength and endurance stimuli can hamper simultaneous 
adaptational processes of both components (86). Since the 
subjects’ training was mixed, both strength and endurance, 
we can say that the results at strength level are even more 
interesting.
Concerning girth’s studies, analyzed in the studies of 
Yamanaka et al. (2012), and Luebbers et al. (2014) (78, 
73), neither those on the thigh nor those on the chest were 
statistically significant, although they both showed improve-
ments. From baseline, mean difference (cm) was + 0.73 for 
thigh and + 1.00 for chest.
Comparison concerning 0-10 dash time analyzed in the 
studies of Scott et al. (2016), and Abe et al. (2005) (63, 68) 
didn’t reveal results statistically relevant, and no change 
between IG and CG. We would point out, however, that in 
one of the two studies (Abe) (69) only the IG was subject-
ed to additional training, with an exposure to exercise not 
equal between groups.
Thus, BFR provides a feasible, promising, and benefi-
cial complementary training stimulus to traditional train-
ing when used in a controlled environment supervised by 
trained and experienced personnel.

Study Limits 
The present meta-analysis has some limitations.
There are some limitations in the present meta-analysis that 
should be mentioned. Although the field of BFR training is a 
frequently discussed topic in scientific research, the number 
of studies investigating the effects of BFR in healthy athletes 
is still sparse. For this reason, one limits of this study concern 
the small number of patients in the trials and the small 
number of RCTs in the literature. The subjects practiced 
very different sports, which leads to very different training 
modalities and varied physiological responses. A 100-meter 
runner will not have the same adaptive response as a rower 
or a cyclist. Several outcome’s measures were taken with vari-
ous methods and therefore could not be directly compared 
with one another. Anthropometric measures of muscle size 
pose obvious limitations because they are not reflective of 
composition: they only make up a portion of the district 
examined. Anthropometric measures are not specific: they 
may also vary due to other factors, regardless of muscle mass 
development (e.g., fat accumulation). The lack of a standard-
ized protocol also created other difficulties, as some studies 
implemented sets to volitional fatigue, while others used a 
more common protocol consisting of 1 set of 30 repetitions 
followed by 3 sets of 15. It should be however taken into 
account that the training and BFR modalities (2-12 sessions 
per week; 2-8 weeks duration of intervention; 160-230 mmHg 
BFR cuff pressure, width of the cuff 3.3-13 cm) have varied 
greatly among previously conducted studies. Importantly, 
occlusion pressure is heavily affected by cuff width, as wider 
cuffs require lower absolute pressures to similarly reduce 
blood flow as compared with narrow ones. Those variabil-
ities underpin the importance of future studies to standard-
ize interventions (duration of BFR intervention, accumulat-
ed BFR duration per week, type of training, cuff’s standards, 
and other aspects). Uniformity of outcome measures and 
better quality of studies would also be desirable.

CONCLUSIONS 
The present systematic review and meta-analysis provides 
novel insights into the effect of BFR training compared with 
traditional training modalities in healthy athletes. 
Although the research on this topic is limited, our results 
indicate that the application of BFR positively influences 
muscular adaptations compared with exercise under normal 
blood-flow conditions, in terms of higher strength increase 
and muscles adaptations. However, the comparison between 
BFR-training and Non-BFR training requires further 
research utilizing more standardized protocols for appropri-
ate comparison. An important finding from this review illus-
trated that BFR can increase VO2 max, improving aerobic 
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capacity. It should be considered that since the subjects in the 
studies were sportsmen, and therefore already trained, these 
results appear even more interesting. Additionally, we want 
to draw attention to the lack of high-quality studies concern-
ing the effects of BFR in healthy athletes. Future research 
should adopt an individualized and progressive approach to 
facilitate the effectiveness and safety of BFR training, and 
standardized protocols in order to facilitate the comparison. 
In conclusion, this first systematic review and meta-analysis 
on healthy athletes, suggests that training with BFR can be a 
good strategy for improving sports performance, without the 
loads of HL training. The study was conducted according to 
the journal’s guidelines (88).
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SUMMARY
Background. Achilles tendinopathy (AT) is a major foot and ankle overuse injury which 
has been reported to be prevalent in running and jumping sporting activities, especial-
ly football which has witnessed increased participation in recent times. However, there 
are no epidemiological data on tendinopathy in footballers in Nigeria. The aim of this 
study was to determine the prevalence of Achilles tendinopathy and associated intrin-
sic risk factors among Nigerian footballers.
Methods. Participants were 151 registered football players recruited from various foot-
ball clubs in Lagos State, Nigeria. Selected intrinsic factors of age, gender, body mass 
index (BMI), random blood glucose and bilateral ankle dorsiflexion and plantarflexion 
were evaluated. AT was determined with the Royal London Hospital Test and ultraso-
nography. Principal Component Analysis (PCA) was used to determine the association 
between AT and selected intrinsic risk factors and significance set at p < 0.05.
Results. The prevalence of AT was 15.9%. There were significant associations between 
elevated BMI (p = 0.027), left ankle dorsiflexion (p = 0.035) and right ankle plantar-
flexion (p = 0.008) with Achilles tendinopathy. No significant association (p > 0.05) 
was found between Achilles tendinopathy and blood glucose level.
Conclusions. Elevated body mass index, reduced ankle dorsiflexion and plantarflexion 
are risk factors for Achilles tendinopathy. 
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INTRODUCTION
Exposure of the Achilles tendon to excessive mechanical 
loadings during vigorous exercises such as running and 
jumping result in tendinopathy and subsequent tendon 
rupture (1). A prevalence of 21% was reported for Achilles 
tendinopathy among recreational sports (2) participants in 
Nigeria (3). The aetiology of Achilles tendinopathy has been 
reported to be multi-factorial, which could be due to intrin-
sic and extrinsic factors (4). The intrinsic factors include 
intra-tendinous degeneration, aging, genetic factors, diabe-
tes, body mass index (BMI) and kinematics and biomechan-
ical abnormalities such as limited range of motion (ROM) 
and leg length discrepancy (4, 5). Some of the extrinsic 

factors on the other hand are training frequency, trauma, 
training errors and mechanical overload which all play some 
role in the development of Achilles tendinopathy (6).
Overweight and obesity as determined by the body mass 
index (BMI), has been on the increase over the years and it 
has been reported that both may be associated with poorer 
fitness in terms of strength and endurance (7, 8). This results 
in lower levels of neuromuscular control including balance 
and coordination, which could place those with elevated 
BMI at greater risk for injury (1). A systematic review on 
running related musculoskeletal injuries found that Achil-
les tendinopathy presented as the second highest injury 
incidence at 9.1-10.9% (7) Saunders et al. (9) reported a 
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prevalence of 23.3% Achilles tendon rupture in footballers 
among the Danish population in a retrospective study. With 
increase in football participation in Nigeria, an upsurge in 
the incidence of injuries has been reported with an over-
all injury incidence of 113.4 and time-loss incidence of 15.6 
injuries/1000 match-hours. Several lower limb injuries such 
as ankle injuries, anterior cruciate ligament (ACL) ruptures 
and Achilles tendon injuries have been associated with 
restricted ankle dorsiflexion range of motion (ROM) (10). 
A few studies have analyzed whether football-specific adap-
tations would occur in the ankle and hip rotation ROMs 
despite the fact that restricted scores have been consid-
ered as primary risk factors for some of the most common 
injuries in football, such as ankle sprains and knee osteo-
arthritis respectively (11). A study reported that restricted 
ankle dorsiflexion ROM increases injury risk significantly 
by modifying lower-limb stiffness and landing forces after a 
vertical jump (12). It was reported also that the maintenance 
of blood glucose (energy) balance is an important factor in 
reduction of injury risk because it ensures optimal perfor-
mance among athletes (13).
Achilles tendinopathy presents with symptoms of pain, 
swelling, and impaired function during sporting activities 
and activities of daily living (4). It is quite detrimental to 
an athlete’s career because it is associated with factors such 
as psychological discomfort, poor quality of life, time, and 
productivity loss (14). It has also been associated with func-
tional limitations generally and ankle dorsiflexion has been 
reportedly reduced as well (12, 15).
The quest to identify injury risk factors in sports has been 
ongoing in the world of sports medicine (10). Currently, 
there are no documented epidemiological data on Achilles 
tendinopathy and its associated risk factors among footbal-
lers in Nigeria hence he need for this study. 

MATERIALS AND METHODS
This study was a cross sectional analytical survey that 
involved one hundred and fifty-one (151) amateur football 
players who were recruited by convenience from various 
clubs across Lagos, Nigeria. Participants who had played 
football actively in the last 6 months and currently engaged 
in full training and match responsibilities at the time of 
the study were included. Ethical approval was sought and 
obtained from the institutional Health Research and Ethics 
Committee and informed consent sought and obtained 
from the participants after duly explaining the study proce-
dure to them. The consent of the coaches was sought for 
participants who were under the age of 18 years. This 
study conformed to the ethical standards of MLTJ (Muscle, 
Ligaments and Tendons Journal) (16). All anthropometric 

measurements were taken at the beginning of the study: age, 
gender, height, and weight of each participant were record-
ed using the self-administered questionnaire. 
Royal London Hospital test was performed on each partici-
pant while lying in a prone position on a plinth/flat surface as 
previously described (17). Participants ware positioned prone 
on a plinth with their ankles hanging relaxed just over the 
edge of the plinth, the portion of the Achilles tendon which 
was maximally tender to palpation was identified. Then the 
participant was asked to actively dorsiflex the ankle while the 
tender part of the tendon was palpated again. However, this 
time in maximal dorsiflexion, participants with Achilles tend-
inopathy reported a substantial decrease or absence of pain 
when the palpation technique is repeated in dorsiflexion.

Ultrasonography
Diagnostic Ultrasound Machine XARIO 200 was used 
for imaging in gray scale with a 5-12 MHz 50 mm linear 
array transducer as previously described (18). The Achilles 
tendon of all participants who were positive to the Royal 
London Hospital test were assessed in prone position with 
the feet hanging over a plinth. A specialist performed all 
imaging in the sagittal and axial planes (supero-inferiorly 
and medio-laterally) along the length of the Achilles tendon. 
The hypoechoic region and/or focal thickening in both 
planes were noted. Color Doppler was used to note areas of 
neovascularization.

Blood Glucose Evaluation
This was taken in a sitting position, the fingertip of the 
pollex cleaned with moist cotton wool and lightly pricked 
with a lancet, a drop of blood was dropped from the pricked 
region on a test strip and then inserted into the meter. The 
bleeding area was cleaned with a dry cotton wool. And 
the sugar level was read off and recorded in millimole per 
liter (mmol/L).

Ankle Range of Motion
The range of motion for plantarflexion and dorsiflexion for 
each participant was taken by asking the participant to lie 
supine or sit in a chair and extend their knee on an even/
flat surface. A universal goniometer was placed one degree 
below the lateral malleolus with the stationary arm parallel 
to the metatarsals of the foot and the movable arm moved as 
participants actively flexed and extended their ankles. This 
measurement was repeated three times and the average score 
was recorded. All measurements were recorded in degrees. 
An ROM less than 17° was regarded as restricted (19).
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Statistical Analysis
All data was analyzed using descriptive statistics of mean, 
standard error, percentages, pie-charts, and bar charts. 
Normality of the data was evaluated using Shapiro-Wilk 
normality test. Independent student’s t-test and Wilcoxon 
rank-sum test were performed for parametric and non-para-
metric data to establish statistically significant variables 
using “ggplot2” and “ggpbur” packages. Principal Compo-
nent Analysis (PCA) was used to determine the association 
between Achilles tendinopathy, body mass index and ankle 
dorsiflexion and plantarflexion. The dataset was random-
ly partitioned into 80%, 20% for training and testing data. 
Training data (121 individuals, 6 variables). Testing data (30 
individuals, 6 variables). The PCA was conducted on train-
ing data. The output of training PCA (selected principal 
components) was run in logistic regression. The accuracy of 
logistic regression model in the prediction of Achilles tendi-
nopathy in both training data and testing data were comput-
ed and compared. “FactoMineR” and “factoextra R” pack-
ages were used to do CPA analysis while “nnet” R package 
was employed for the analysis of logistic regression. Data 
was analyzed and plotted using R statistical computing soft-
ware version 4.0.2 (20) in RSTUDIO environment. Level of 
significance for all inferential statistics was set at p ≤ 0.05.

RESULTS
A total of one hundred and fifty-one (151) amateur foot-
ball players were assessed. One hundred and four (104) 

which represent 68.9% of the participants were males and 
forty-seven (47) (31.1%) were females (figure 1 A). The 
Median (Interquartile range) of age (years), height (m), 
weight (Kg) and BMI (Kg/m2) are 21(19-25), 1.72 (1.65-
1.78), 63.8 (57-71) and 21.6 (19.7-23.3) respectively. The 
characteristics of the participants are seen in table I, while 
table II shows the distribution of Achilles tendinopathy. 
The prevalence of Achilles tendinopathy was 15.9% (figure 
1 B). Twenty-four (24) participants tested positive to Royal 
London Hospital Test while one hundred and twenty-seven 
(127) were negative. The age distribution of all the partic-
ipants is described in figure 2. The central tendencies of 
Age Range of the participants without Achilles Tendinopa-
thy were 18 (17-19), 23 (21-25), 34.3 (0.79) and 42.5 (0.65) 
while for participants with Achilles Tendinopathy, they were 
17.33 (0.56), 23.83 (0.81), 34.44 (1.54) and 42 (0); for Age 
Range 11-19, 20-29, 30-39 and 40-49, respectively. Where 
Mdn (Q1-Q3) = Median (Interquartile range) and M (SE) = 
Mean (Standard Error).
Using Wilcoxon rank sum test and independent t-test in the 
comparison of middle values of participants with and with-
out Achilles tendinopathy. There were significant differ-
ences in the body mass index (BMI) (p = 0.005, figure 3 
B), right ankle dorsiflexion (Rom RD), right ankle plantar-
flexion (Rom RP), left ankle dorsiflexion (Rom LD) and 
left ankle plantarflexion (Rom LP) (all p < 0.05) as seen in 
figure 4 A, figure 4 B, figure 4 C and figure 4 D, respectively. 
There were no significant differences in Age, Blood Glucose 
and Parity (all p > 0.05) as shown in figure 3 A, figure 3 C 

Figure 1. Gender Distribution and Prevalence of Achilles Tendinopathy.
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Table II. Distribution of Achilles Tendinopathy.

Gender (Male, Female) 23 (95.8%), 
  1 (4.2%)

Type (Mid-Portion, Insertional)
12 (50%), 
12 (50%)

Affected Leg (Right, Left, Both)
16 (66.7%), 
  6 (25%),    
  2 (8.3%)

BMI (Underweight, Normal, 
Overweight, Obese)

1 (4.2%), 
16 (66.7%),  
  2 (16.7%), 
  3 (12.5%)

Right Dorsiflexion (Stiffness, Normal, 
Hyperflexion)

13 (54.2%),
10 (41.7%), 
  1 (4.2%)

Right Plantarflexion (Stiffness, Normal, 
Hyperflexion)

10 (41.7%),
12 (50%),
  2 (8.3%)

Left Dorsiflexion (Stiffness, Normal, 
Hyperflexion)

24 (100%), 
  0 (0%),
  0 (0%)

Left Plantarflexion (Stiffness, Normal, 
Hyperflexion)

24 (100%), 
  0 (0%), 
  0 (0%)

Blood Sugar (Hypoglycemic, Normal, 
Hyperglycemic)

  0 (0%), 
24 (100%),  
  0 (0%)

ROM – Range of Motion, RD – Right Dorsiflexion, RP – Right Plantar-
flexion, LD – Left Dorsiflexion, LP – Left Plantarflexion, the values are in 
Median (Q1-Q3) and Mean (SE).

Table I. Characteristics of the Participants. 
Age 21 (19-25)

Parity   0 (0-0)

Height (m)   1.72 (1.65-1.78)

Weight (Kg) 63.8 (57.0-71.0)

BMI (Kg/m²) 21.6 (19.7-23.3)

Blood Sugar (mmol/L)  4.99 (0.06)

Rom RD (°) 19 (17.5-21)

Rom RP (°) 23 (20-26)

Rom LD (°) 20 (19-21)

Rom LP (°) 24 (21-26)

ROM – Range of Motion, RD – Right Dorsiflexion, RP – Right Plantar-
flexion, LD – Left Dorsiflexion, LP – Left Plantarflexion, the values are in 
Median (Q1-Q3) and Mean (SE).

Figure 2. Age distribution of Participants with and without Achilles Tendinopathy.

and figure 3 D accordingly. Principal Component Analysis 
(PCA) was conducted to see the association of BMI, Rom 
RD, Rom RP, Rom LD, and Rom LP with Achilles tendi-
nopathy. The principal was used to extract three (3) compo-
nents. Components with eigenvalues (variances) of less than 
1 were not retained for extraction (20, 21). The eigenvalue 
for each principal component were 2.15, 1.19 and 1.07 for 
PC1, PC2 and PC3 principal component, respectively. The 
percentage total explained variances by each component 
were 35.8, 19.8 and 17.8, respectively. The three principal 
components accounted for 73.4% of total explained varia-
tions (table III). The eigenvectors (rotation matrix) showed 
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Figure 3. Profiles of Achilles Tendinopathy (ATs) in Age (A), BMI (B), Blood Glucose (C) and Parity (D) of the participants. 

Figure 4.  Profiles of Ankle Kinematics. 
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Table III. Principal Component Analysis Eigenvalues and Eigenvectors. 

  PC1 PC2 PC3 PC4 PC5 PC6

Normalized Eigenvalues 2.15 1.19 1.07 0.86 0.6 0.14

Total Variance Explained (%) 35.8 19.8 17.8 14.3 10 2.3

Cumulative of Variance 
Explained (%)

35.8 55.6 73.4 87.7 97.7 1

Eigenvectors
  PC1 PC2 PC3 PC4 PC5 PC6
BMI - 0.124 - 0.532** - 0.381 0.744 - 0.036 0.037

Glucose - 0.031 - 0.317 - 0.728** - 0.6 0.095 - 0.007

Rom RD 0.483** - 0.513 0.309 - 0.088 0.212 - 0.596

Rom RP 0.576** - 0.267 0.102 - 0.095 - 0.473 0.594

Rom LD 0.489** 0.268 - 0.202 0.19 0.727 0.291

Rom LP 0.424** 0.459 - 0.422 0.184 - 0.439 - 0.453

the correlation between the raw variables and transformed 
variables. Allowing the correlation coefficient r ≥ 0.4. The 
first principal component (PC1) explained the greatest 
proportion of variance and related with four variables of 
Rom RD, Rom RP, Rom LD, and Rom LP. The second prin-
cipal component (PC2) is associated with BMI alone. While 
the third principal component (PC3) is only associated with 
Blood Glucose Level (table III). Figure 5 A is a two-dimen-
sional biplot of principal component analysis of the partic-
ipants. The component scores of each individual and the 
variables loadings were displayed. Although, three princi-
pal components were considered in this study, but the first 
two principal components were plotted for easy illustration 
and visualization (22). The participants were clustered into 
group of “Yes” and “No” to Achilles tendinopathy, figure 
5 A. Figure 5 B is a factor Map that showed the quality 
of representation of the variables in PC1 and PC2. Blood 
Glucose was low in quality, BMI, Rom LD, and Rom LP 
were moderate and Rom RD and Rom RP were high in qual-
ity of representation, figure 5 B. Table IV shows contingen-
cy tables (confusion matrices) of logistic regression model 
of retained principal components. The model accuracies 
for training and testing data were 87.6% and 90% respec-
tively. The difference in the accuracies were not statisti-
cally significant (p = 1.000). Also, using logistic regression 
analysis on the whole dataset, there was a significant asso-
ciation between Achilles tendinopathy and the body mass 
index (BMI) p = 0.024, right plantarflexion p = 0.008 and 
left dorsiflexion p = 0.038 (table V). As regards the random 
blood glucose, one hundred and forty-five (97.9%) of the 
participants had normal blood glucose level (random and 
after meal), two (1.4%) had low blood glucose level and one 
(0.7%) participant was hyperglycemic. There was no signif-

icant association between Achilles tendinopathy and blood 
glucose level of the football players (p = 0.7464) as all the 
participants with AT had normal glucose levels. However, 
the third principal component (PC3) is only associated with 
Blood Glucose Level (table III).

DISCUSSION
Epidemiological evidence of tendon pathology among 
sportspersons in Nigeria is very limited even though the 
importance of this knowledge, coupled with identifying 
associated risk factors cannot be over emphasized. This 
was a cross-sectional study to determine the prevalence of 
Achilles tendinopathy and its association with some select-
ed intrinsic risk factors among Nigerian footballers.  This 
knowledge is pertinent even as a prior study had reported 
the dominance of intrinsic factors over extrinsic factors in 
the aetiology of tendinopathy (23). There is presently no 
epidemiological data on tendinopathy among footballers 
in Nigeria, this study has therefore provided preliminary 
data as well as identified intrinsic factors which will enable 
preventive measures to mitigate their effects on tendons.
The prevalence of Achilles tendinopathy (AT) in this study 
was 15.9% while the findings by Docking et al. (15) reported 
a prevalence of 21.5% among Australian male professional 
football players. The prevalence of AT in this study was lower 
than what was reported in a similar study on recreational 
athletes in Nigeria (1). The lower prevalence reported in this 
study could be due to the relatively small sample size, thus 
studies with much larger sample sizes are advocated. Our 
findings also showed that half (50%) of the footballers had 
midportion AT while the other half presented with the inser-
tional type (table II), thus both were equally prevalent.
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Table IV. Confusion Matrix of PCA Performance. 

PCA Model 
Prediction

  Training Data PCA Model 
Prediction

  Testing Data

  No Yes   No Yes
No 97 12 No 25 1

Yes   3   9 Yes   2 2

     

Accuracy = 87.6% (95% CI; 80.38%-92.89%) Accuracy = 90% (95% CI; 73.47%-97.89%)

Error rate = 12.4% Error rate = 10%

Fisher’ s Exact, p value = 1, Odds ratio = 0.79 (95% CI; 0.14-3.08)

Figure 5. (A) Biplot of Principal Component Analysis (PCA). (B) Factor Map of Variables. The quality of representation of Blood 
Glucose is low. BMI, Rom LD, and Rom LP provided moderate representation and Rom RD and Rom RP exhibited high quality 
goodness of fit in Achilles tendinopathy.

Our results showed that 96% of the participants with AT 
were males while only one was female. This was not unex-
pected as the hormone estrogen has been documented to 
protect pre-menopausal women from central fat accumula-
tion which is one of the symptoms of metabolic syndrome 
(24). A prior study had reported metabolic syndrome as a 
risk factor for Achilles tendon pathology in men because men 
usually have less total body fat but more central/intra-ab-
dominal adipose tissue, whereas women have more total fat 
mainly in the gluteal/femoral and subcutaneous depots with 

a reduction in central adiposity. The reduced central adipos-
ity in women therefore may serve as a preventive factor 
against tendon damage in pre-menopausal women (25). As 
seen in the age distribution of the participants in this study, 
all the female footballers are at the pre-menopausal stage.

The epidemiology of tendon injuries
Ruptures and tendinopathy have highlighted the association 
between BMI or adiposity and the risk of pathology (26). 
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There are conflicting reports from prior studies on BMI as a 
significant risk factor for AT and most of the cohort studies 
found no significant association while a few linked obesi-
ty, and overweight with higher risks of developing AT (27, 
28). Our findings reported a significant association between 
body mass index (BMI) and Achilles tendinopathy which 
agrees with previous findings even as the principal compo-
nent analysis (PCA) also showed that the difference in BMI 
between participants with and without AT was statistically 
substantial (p = 0.013). 
One study in the review by Franceschi et al. (29) identified a 
potential interaction between age and obesity with degener-
ative tendon changes. Those with dyslipidemia and fat depo-
sition in the Achilles tendon may be at risk for developing 
tendon pain. Another systematic review found that elevat-
ed adiposity was frequently associated with general tendon 
injuries (30). It was however noted from our findings that 
majority of the participants with Achilles tendinopathy had 
normal BMI (16; 67%) so the underlying factor responsible 
for the significance appears to be beyond the body weight.  
It has been shown from prior studies that tendon disease 
is also prevalent in individuals with increased fat mass and 
greater waist/hip ratio despite having normal body weight. 
These group of individuals categorized as metabolically 
obese but of normal weight account for about 5 to 45% 
of the population (24, 31). This underscores the role of 
central obesity in tendinopathy and calls for further studies 
to investigate body composition as risk factor for AT.
Prior studies had reported restricted ankle motion, especial-
ly dorsiflexion in professional footballers (5, 32). This has 
been attributed to structural adaptations and was thought 
to be protective against injury by reducing excessive move-
ments to which the joint is subjected.  However, as far back 
as 1982, (33) it had been suggested that stiffness of the ankle 
joint in soccer players is a predisposing factor for muscle 
rupture and tendinitis which agrees with the findings of our 
study as 54% of the participants with AT had reduced Ankle 

Table V. Association between Achilles Tendinopathy and Selected Variables Using Logistic Regression. 

Parameters Beta Odds Ratio (OR) 95% OR P value
Age 0.0004 1.0001 1-10.0012 0.9937

BMI 0.2548 1.2902 0.78-2.13 0.024**

Blood Glucose - 0.1505 0.8603 0.64-1.16 0.7464

Rom RD - 0.002 0.9980 0.99-1.002 0.999

Rom RP - 0.3086 0.7345 0.40-1.35 0.008**

Rom LD - 0.3826 0.6821 0.32-1.44 0.038**

Rom LP - 0.0491 0.9521 0.87-1.05 0.688
ROM – Range of Motion, RD – Right Dorsiflexion, RP – Right Plantarflexion, LD – Left Dorsiflexion, LP – Left Plantarflexion.

dorsiflexion while 42% had reduced Ankle plantarflex-
ion in the dominant limbs. For the left lower limbs, all the 
participants, even those without AT were seen to have both 
dorsiflexion and plantarflexion stiffness. As seen in figure 
4, all the profiles of Ankle kinematics were significantly (p 
< 0.05) associated with Achilles tendinopathy. However, 
logistic regression analysis identified right ankle dorsiflex-
ion, left ankle plantarflexion and BMI as being significantly 
(p < 0.05) associated with Achilles tendinopathy (table V). 
These findings corroborate the report of structural adapta-
tion of the soft tissues resulting in stiffness and underscores 
the need for preventive ankle stretching/flexibility exercises 
for football players even  as some studies also reported that 
restricted ROM scores are primary risk factors for some of 
the most common football injuries (34, 35). 
Diabetes has been identified as a major intrinsic factor for 
the development of Achilles tendinopathy even as recent 
systematic reviews have clearly demonstrated that patients 
with high cholesterol and diabetes are at significantly higher 
risk of developing tendinopathy (36). In our study, we found 
no association between Achilles tendinopathy and the blood 
glucose levels which is not consistent with the findings of 
the studies by Jarvinen et al.  (37), and Bondi et al. (38) 
who reported that intrinsic risk factors for the development 
of Achilles tendinopathy included systemic diseases such as 
diabetes mellitus and elevated BMI. However, in the PCA 
factor map of variables (figure 5 B), it is seen that the qual-
ity of representation of blood glucose is low which implies 
that though it had no significant association in this study, 
it is still a factor to consider as a risk factor for AT. A prior 
study had actually advocated further investigations into the 
influence of hormones on tendon structure and metabo-
lism (39). In addition, it is seen from our results that all the 
participants (100%) with Achilles tendinopathy had normal 
glucose profile. This could be due to the role of genetic and 
racial factors as prior reports were from studies conducted 
among Caucasians. 
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Limitations of Study
This was a preliminary study and so the sample size was 
limited, a much larger sample size would have allowed for 
a more generalized application of the findings. Also, the 
role of body composition in Achilles tendinopathy was not 
determined. Further studies with a larger sample size and to 
determine the roles of body composition and genetic factors 
are advocated.

CONCLUSIONS
It was concluded that elevated body mass index and 
restricted ankle joint mobility were significant predispos-
ing risk factors for Achilles tendinopathy among Nigerian 
footballers. 
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SUMMARY
Background. Determining the discriminative ability of functional outcome measures 
among patients of knee osteoarthritis (OA) with different severity degrees of radio-
graphic signs can be valuable for clinicians and researchers to classify the functional 
limitations in these patients before starting their rehabilitation.
Objective. To determine the discriminative ability of patient-reported outcome 
measures (PROMs) and performance-based ones in knee OA patients classified based 
on radiographic severity.
Methods. Based-on the Kellgren-Lawrence (KL) grading scale, 130 knee OA patients 
were classified into 65 patients with mild (a KL grade ≤ 2) and 65 patients with moder-
ate-to-severe (a KL grade ≥ 3) radiographic sign. PROMs and performance-based 
outcome measures in knee OA patients were assessed by Knee Injury and Osteoar-
thritis Outcome Score (KOOS) questionnaire as well as Timed-up and go test (TUG), 
Functional Reach Test (FRT), and step test, respectively. The discriminative ability of 
these measures was determined by calculation of sensitivity, specificity, area under the 
Receiver Operating Characteristic curve, likelihood ratios, and predictive values.
Results. Our results showed that all subscales of the KOOS except for the sport/recre-
ation and all performance-based outcome measures have good ability to discriminate 
between the two groups of knee OA. Also, the ADL subscale of KOOS and step test 
have good ability in accurate identification of mild grade of knee OA patients. The 
symptoms subscale of KOOS and TUG test have the best ability in correctly identify-
ing moderate-to-severe grade of knee OA.
Conclusions. Our findings provide evidence for the good discriminative ability of 
functional measures in patients of knee OA classified based on radiographic severity. 

KEY WORDS
Knee osteoarthritis; KOOS; performance-based outcome measures; sensitivity; specificity.
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INTRODUCTION
Knee osteoarthritis (OA) is one of the most common caus-
es of functional limitations and disability in older adults. It 
has been reported that knee pain and progressive disabil-
ity in performing daily tasks are two primary concerns in 
patients with knee OA (1, 2). OA severity are often defined 
and graded based on degenerative changes seen in radio-
graphic findings. The Kellgren and Lawrence (KL) classi-

fication of OA is a widely used radiographic classification 
system, wherein standard anterior-posterior radiographs are 
defined, ranging from mild (grade I) to severe (grade IV) 
radiographic OA (3, 4). Accordingly, knee OA patients with 
a KL grade ≤ 2 are considered as mild, and patients with a 
KL grade ≥ 3 as moderate-to-severe (5).
Assessment of functional limitations in patients with knee 
OA is frequently done using patient-reported outcome 
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measures (PROMs) and performance-based outcome 
measures. PROMs can assess an individual’s perception of 
his/her functional ability, while performance-based outcome 
measures can measure the actual ability of an individual in 
performing daily activities (6, 7). These performance-based 
tests which are usually assessed by timing, counting, or 
distance methods, are complementary to PROMs. The 
Knee Injury and Osteoarthritis Outcome Score (KOOS) is a 
widely used disease-specific outcome measure which is valid 
and reliable for assessment of patients with knee OA. The 
KOOS is an expansion of Western Ontario and McMas-
ter Universities Arthritis Index (WOMAC) questionnaire 
in which in addition to assessing pain and other symp-
toms, activities of daily living (ADL), quality of life, and 
sport/recreational activities are assessed (8). On the other 
hand, there are a number of performance-based outcome 
measures which assess aspects of balance and mobility of 
patients with knee OA. These tests are relatively simple, 
inexpensive and easy to administer in clinical settings (9). 
Timed up and go test (TUG) is recommended by Osteo-
arthritis Research Society International (OARSI) as simple 
test for evaluating mobility in knee OA patients and Func-
tional Reach Test (FRT) and step test are also the most wide-
ly used tests for to quantify standing balance in people with 
knee OA (9-11). However, it is unknown which of these 
outcome measures is sensitive for discriminating between 
patients with mild and moderate-to-severe knee OA. The 
outcome measure that best discriminates between mild and 
moderate-to-severe knee OA patients could be used as a 
screening assessment tool to identify the functional limita-
tions in patients of knee OA before starting their rehabili-
tation and could be valuable for clinicians and researchers 
to prevent future functional limitations by planning proper 
rehabilitation treatments (12).
Given the wide spectrum of severity of functional limitations 
in patients with knee OA (13), determining the discrimina-
tive ability of functional outcome measures among patients 
of knee OA with different severity of radiographic signs can 
provide a framework for the classification scheme of func-
tional limitations in these patients. As a result, it can help 
to identify patients who are at risk of developing function-
al limitations and thus can help to reduce disability and 
increase independency of knee OA patients in carrying out 
their normal daily activates by planning proper rehabilita-
tion treatments.  
Although some studies have reported that the presence and 
severity of knee OA is associated with functional limitation 
(14-21), the ability of these functional outcome measures 
in differentiating knee OA patients with various degrees of 
radiographic severity has not been investigated. Thus, the 
aim of this study was to determine the discriminative abili-

ty of these patient-reported outcome measures and perfor-
mance-based ones in knee OA patients classified based on 
radiographic severity. To analyze the discriminative ability 
of these measures, sensitivity and specificity, positive and 
negative likelihood ratios (PLR and NLR), positive and 
negative predictive value (PPV and NPV), area under the 
receiver curve (ROC), and best cutoff score for discriminat-
ing between knee OA patients with different severity were 
calculated (12, 22-24).  

METHODS

Study population
A total of 130 patients were diagnosed with knee OA by an 
orthopedist, based on the classification criteria of the Amer-
ican College of Rheumatology (25). These patients were 
recruited from outpatient physiotherapy and orthopedic 
clinics in Ahvaz, Iran were invited to participate after receiv-
ing the explanation of the study, and signed written consent. 
Research is conducted according to international standards 
and as required by the journal as described in Padulo et al. 
(26). The patients included both male and female Persian 
native speakers aged between 40-70 years with knee pain 
and radiological signs of knee OA (unilateral or bilateral) 
who were able to do daily activity independently. Patients 
diagnosed with secondary knee OA, rheumatoid arthritis or 
any concurrent systemic inflammatory disease, hip or knee 
surgery history, total knee replacement, or hip disorder, were 
excluded (27, 28). Antero-posterior view of knee radiograph 
taken in position standing with knee 7-10° flexion (29), was 
considered as reference standard in this study. The radiologi-
cal severity of knee OA was determined using KL grading on 
standard anterior-posterior radiographs by an experienced 
radiologist who was blinded for test results (3). Based on the 
KL score (range 1-4), severity of knee OA was categorized 
into two groups: 65 patients with mild (a KL grade ≤ 2) and 
65 patients with moderate-to-severe (a KL grade ≥ 3) radio-
graphic signs. The Ethics Committee at Ahvaz Jundishapur 
University of Medical Sciences approved the study.

Procedure
Anthropometric information of subjects including age, sex, 
weight, height, body mass index (BMI) was collected. In this 
study, measures of functional limitations in knee OA patients 
which were considered as index tests, were assessed by the 
KOOS questionnaire as a representative of PROM and TUG, 
FRT and step test as performance-based outcome measures. 
In bilateral involvement of knee OA, the side with more 
severe radiographic sign as the target knee was evaluated.
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KOOS questionnaire
The KOOS is a 42-items specific patients-reported outcome 
measure that assesses five domains: Pain, Symptoms, Func-
tion in Activities of Daily Living, Function in Sport and 
Recreation, and knee-related quality of life. All items are 
scored by a five-point Likert scale from zero (no problems) 
to four (extreme problems). The scores of each subscale 
are calculated separately and transformed to a 0-100 scale, 
where zero indicates severe knee problem and 100 demon-
strates no knee problem (30). The KOOS has good reliabili-
ty and validity in Persian patients of knee OA (28). 

Time up and go test
The functional mobility was determined by TUG test. Based 
on the standard manner, after the verbal command to begin, 
patients were asked to stand up from a 46-cm- high chair, 
walk forward 3 m in a straight line at their habitual walking 
speed, turn 180°, walk back to the chair and sit down again. 
Time needed for performing these tasks was recorded in 
seconds using a chronometer. Prior to its commencement, 
the test was explained to the patients. This test was repeated 
3 times and their average was calculated (27). 

Functional reach test
FRT is a single-item test developed as a quick screening test 
for identifying balance problems in older adults. A yard 
stick was attached to wall at about shoulder height. Patients 
stood adjacent to, but not touching, the wall with feet placed 
shoulder width apart and positioned the arm that is closer 
to the wall at 90 degrees of shoulder flexion with a closed 
fist. At this time, an initial reading at the 3rd metacarpal head 
on the yard stick can be taken. Patients were instructed to 
reach forward along the yardstick as far as possible without 
stepping or losing their balance. The practitioner talked a 
reading on the yardstick of the farthest reach attained by the 
patient without taking a step. The 3rd metacarpal phalangeal 
joint was used as marker. The initial reading was subtract-
ed from the final to obtain the functional reach score in cm. 
The average of three trials was noted (9, 31).

Step test
Step test is evaluated dynamic standing balance which has 
known reliability and validity. Patients were instructed to 
stand bare feet on the involved leg and maintain balance on 
the same leg, while stepping the contralateral leg on a 15-cm 
step and return it to the floor as quickly as possible in 15 
seconds without any hand support. For patients with bilat-

eral knee OA, the knee with more severe radiographic signs 
was deemed as the involved knee. The test was performed 
only once. Before starting the test, the patients performed 
two to three practice steps for familiarization with the 
test. In cases of balance loss during testing, the number of 
completed steps until this point was recorded and the test 
was terminated (11, 32).

Statistical analysis
All data were analyzed using SPSS version 21.0. The level of 
statistical significance was set at p < 0.05. Independent t-test 
and chi-square test were used for comparison of demo-
graphic characteristics between the two groups with differ-
ing severity of radiographic signs. Kolmogorov-Smirnov test 
was used to assess the normality of data distribution. Based 
on the results of this test, independent t-test was used for 
comparison of mean values of functional measures between 
the groups of mild and moderate-to-severe. The ability of 
each functional measure in distinguishing between the two 
groups with differing severity of knee OA was examined by 
determination of sensitivity, specificity, area under the ROC 
curve (AUC), PLR, NLR, PPV, NPV, and their 95% confi-
dence intervals (22-24). Receiver operating characteristic 
(ROC) curves were constructed for the analysis of sensi-
tivity and specificity (23). The sensitivity of a test describes 
its ability in correctly identifying subjects with a condition 
of interest, whereas specificity is concerned with the ability 
of a test to recognize the absence of a condition of interest 
(22, 24). 
In this method, the discriminative ability of outcome 
measures to distinguish between groups was shown using 
Area under the curve (AUC) for ROC. ROC curve plots 
sensitivity (true-positive rate) versus 1-speficity (false-posi-
tive rate) of the entire range of values of functional measures, 
which is used to determine AUC and the best cutoff score 
for discriminating between the two groups (23). Values of 
AUC range from 0 to 1, where 1 indicates excellent discrim-
inative ability of a measure between two groups and 0 indi-
cates failure of a measure in discrimination between groups. 
A traditional academic point scale was used to classify the 
accuracy of the AUC: 0.9 to 1 indicating excellent; 0.8 to 
0.89 good; 0.70 to 0.79 acceptable; 0.60 to 0.69 poor; and 
0.00 to 0.59 indicating failure. The score with the combina-
tion of highest sensitivity and lowest 1-specificity was deter-
mined as the best cutoff point which was located in the most 
“northwest” point on the ROC curve (12).
To determine the clinical meaningfulness of tests and the 
predictive ability of measures in correctly identifying 
subjects with a condition of interest, PLR and NLR, PPV 
and NPV, and their 95% CI were calculated at the best 
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Table I. Demographic information of the study population.

P 
value

Moderate to Severe 
group (n = 65)
Mean (SD)

Mild 
group (n = 65)
Mean (SD)

Variable

0.0858.3 (7.1)56.2 (6.8)Age (y)

0.27159.2 (7.3)160.6 (8.2)Height (cm)

1.0080.3 (11.1)80.3 (12.7)Weight (kg)

0.4631.8 (4.4)31.2 (5.1)BMI (kg/m²)

0.4013 (M), 52 (F)17 (M), 48 (F)Sex

M: male; F: female.

cutoff score determined using the ROC curve, respective-
ly. PLR and NLR are the best indicators for ruling in and 
ruling out the diagnosis, respectively. PLR more than 10 and 
NLR less than 0.1 have a significant contribution of the test 
to the diagnosis for ruling in and ruling out subjects having 
the disease, respectively (22, 23).

RESULTS
Demographic information of subjects in the two groups 
of knee OA is provided in table I. The two groups were 
matched with each other in this regard.
Table II reports mean ± SD and P values for each functional 
measure. The moderate-to-severe group had greater scores 
than the mild group for all subscales of KOOS and TUG 
test, but had less values for FRT and step test. As shown, all 
functional measures were statistically different between the 
two groups (p < 0.05). 
The sensitivity, specificity, AUC values, asymptotic signifi-
cance, best cutoff score, LRs and PVs and their 95% confi-
dence intervals for each measure are represented in table 
II. The results of ROC curve analysis showed that, except 
for sport/recreation subscale, all KOOS subscales had good 
ability for discrimination between the two groups of knee 
OA and also three functional tests had good to excellent 
accuracy in discrimination between them.
Also, the results of other indicators related to the discrim-
inative ability of these measures showed that among the 
KOOS subscales, the highest specificity (0.92 (95% CI: 
0.82-0.97)) and the greatest PLR (7.8 (95% CI: 3.28-18.5)) 
and PPV (0.88 (95%CI: 0.74-0.95)) were related to the 
symptoms subscale while the highest sensitivity (0.89 (95% 
CI: 0.78-0.95)) and the lowest amount of NLR (0.17 (95% 
CI: 0.08-0.35)) and NPV (0.85 (95% CI: 0.71-0.93)) were 
related to ADL subscale. In addition, among the functional 

Table II. Descriptive statistic of functional measures for each group of mild and moderate-to-severe radiographic grades of 
knee OA. 

Outcome measures Mild group of Knee OA
Mean (SD)

Moderate to Severe group of knee OA
Mean (SD)

P value

KOOS pain 60.26 (16.53) 42.52 (14.17) 0.00

KOOS symptoms 79.43 (15.02) 56.89 (17.37) 0.00

KOOS ADL 64.75 (19.28) 41.06 (15.60) 0.00

KOOS sport/rec 23.38 (16.39) 13.92 (11.67) 0.00

KOOS QOL 39.07 (21.32) 15.96 (14.69) 0.00

TUG test 9.48 (1.29) 13.21 (2.58) 0.00

FRT test 32.41 (4.23) 27.21 (4.18) 0.00

Step test 13.55 (2.25) 9.47 (2.19) 0.00

tests, TUG test had the highest specificity (0.90 (95% CI: 
0.80-0.96)) and the greatest PLR (8.66 (95% CI: 4-18.75)) 
and PPV (0.89 (95% CI: 0.78-0.95)), and step test had the 
highest sensitivity (0.93 (95% CI: 0.84-0.98)) and the lowest 
amount of NLR (0.09 (95% CI: 0.03-0.24)) and NPV (0.91 
(95% CI: 0.78-0.97)).

DISCUSSION
Our results showed that although all subscales of the 
KOOS except sport/recreation subscale, have good accu-
racy in discrimination between the two groups of knee OA, 
the symptoms subscale show the highest specificity and the 
greatest PLR and PPV, thus it can be useful for confirm-
ing the diagnosis of moderate-to-severe grade of knee OA 
patients. In addition, ADL subscale has the highest sensitiv-
ity and the least NLR and NPV and as a result has the best 
ability for screening for ruling-out moderate-to-severe grade 
of knee OA patients.
The results also demonstrated that all the performance-based 
outcome measures have good ability to discriminate between 



132 Muscles, Ligaments and Tendons Journal 2021;11 (1)

Discriminability of Functional Measures
Ta

b
le

 II
I. 

Se
ns

iti
vi

ty
, s

p
ec

ifi
ci

ty
, a

re
a 

un
d

er
 t

he
 c

ur
ve

, P
 v

al
ue

s,
 c

ut
of

f s
co

re
s,

 L
Rs

, P
V

s 
an

d
 9

5%
 C

Is
 fo

r 
in

cl
ud

ed
 m

ea
su

re
s.

 

N
eg

at
iv

e 
pr

ed
ic

tiv
e 

va
lu

e 
(9

5%
 C

I)

Po
si

tiv
e 

pr
ed

ic
tiv

e 
va

lu
e 

(9
5%

 C
I)

N
eg

at
iv

e 
lik

el
ih

oo
d 

ra
tio

 (9
5%

 C
I)

Po
si

tiv
e 

lik
el

ih
oo

d 
ra

tio
 (9

5%
 C

I)

C
ut

of
f 

sc
or

e
P 

va
lu

e
A

re
a 

un
de

r t
he

 
cu

rv
e 

(9
5%

 C
I)

Sp
ec

ifi
ci

ty
 

(9
5%

 C
I)

Se
ns

iti
vi

ty
 

(9
5%

 C
I)

O
ut

co
m

e 
m

ea
su

re
s

0.
78

 
(0

.6
5-

0.
87

)
0.

71
 (0

.5
9-

0.
81

)
0.

27
(0

.1
6-

0.
46

)
2.

52
(1

.7
4-

3.
65

)
54

.5
0.

03
0.

80
(0

.7
2-

0.
88

)
0.

67
 (0

.5
4-

0.
78

)
0.

81
 (0

.6
9-

0.
89

)
K

O
O

S 
pa

in

0.
69

 (0
.5

8-
0.

78
)

0.
88

(0
.7

4-
0.

95
)

0.
43

 (0
.3

2-
0.

58
)

7.
8

(3
.2

8-
18

.5
)

59
0.

 0
3

0.
83

(0
.7

6-
0.

90
)

0.
92

 
(0

.8
2-

0.
97

)
0.

60
 

(0
.4

7-
0.

71
)

K
O

O
S 

sy
m

pt
om

s

0.
85

(0
.7

1-
0.

93
)

0.
69

(0
.5

8-
0.

79
)

0.
17

(0
.0

8-
0.

35
)

2.
32

(1
.6

8-
3.

19
)

61
.5

0.
03

0.
82

(0
.7

5-
0.

89
)

0.
61

(0
.4

8-
0.

73
)

0.
89

(0
.7

8-
0.

95
)

K
O

O
S 

A
D

L

0.
80

(0
.6

3-
0.

91
)

0.
61

(0
.5

1-
0.

71
)

0.
24

(0
.1

1-
0.

50
)

1.
61

(1
.2

7-
2.

03
)

27
.5

0.
04

0.
66

(0
.5

7-
0.

76
)

0.
44

(0
.3

2-
0.

57
)

0.
88

(0
.7

6-
0.

93
)

K
O

O
S 

sp
or

t/
re

c

0.
71

(0
.5

9-
0.

81
)

0.
75

(0
.6

1-
0.

84
)

0.
4

(0
.2

7-
0.

58
)

3
(1

.7
8-

4.
81

)
22

0.
03

0.
80

(0
.7

3-
0.

88
)

0.
76

(0
.6

4-
0.

86
)

0.
69

(0
.5

6-
0.

79
)

K
O

O
S 

Q
O

L

0.
81

(0
.7

0-
0.

89
)

0.
89

(0
.7

8-
0.

95
)

0.
22

(0
.1

3-
0.

35
)

8.
66

(4
-1

8.
75

)
11

.1
6

0.
00

0.
90

(0
.8

5-
0.

95
)

0.
90

(0
.8

0-
0.

96
)

0.
80

(0
.6

7-
0.

88
)

T
U

G
 te

st

0.
68

(0
.5

6-
0.

78
)

0.
75

(0
.6

1-
0.

85
)

0.
45

(0
.3

2-
0.

63
)

3
(1

.8
2-

4.
93

)
29

.5
0.

03
0.

80
(0

.7
3-

0.
87

)
0.

78
(0

.6
6-

0.
87

)
0.

64
(0

.5
1-

0.
75

)
F

R
T

 te
st

0.
91

(0
.7

8-
0.

97
)

0.
73

(0
.6

2-
0.

82
)

0.
09

(0
.0

3-
0.

24
)

2.
77

(1
.9

6-
3.

91
)

12
.5

0.
02

0.
89

(0
.8

4-
0.

94
)

0.
66

(0
.5

3-
0.

77
)

0.
93

(0
.8

4-
0.

98
)

St
ep

 te
st

C
I: 

co
nfi

d
en

ce
 in

te
rv

al
.

the two radiographic grades of knee OA (AUC: 0.80-
0.90). Furthermore, due to having the highest specificity 
and the greatest PLR and PPV, TUG test has the best abil-
ity for correctly identifying and ruling in moderate-to-se-
vere grade of knee OA. On the other hand, step test has 
the highest sensitivity and the least NLR and NPV; thus, 
it can help correctly identify mild grade of knee OA and 
rule out moderate-to-severe grade of knee OA patients. 
These findings of the KOOS questionnaire could be 
explained by the fact that enrolled patients in this study 
were middle aged/old patients with knee OA which had a 
low level of sport activities. Given that items of the KOOS 
Sport/rec subscale involve high level activities which were 
not part of usual activities of the participants, doing these 
activities might be difficult for the two groups. There-
fore, it could not discriminate between the two groups 
of knee OA.
In support of this explanation, it was observed that the 
two groups of knee OA patients showed lower scores 
in the KOOS Sport/Rec subscale compared with other 
KOOS subscales, which means that they had more diffi-
culties in the KOOS Sport/Rec subscale compared with 
others. Therefore, it seems that this dimension of the 
KOOS does not have the ability to distinguish between 
different severities of knee OA.
On the other hand, the most common complaints of 
patients with knee OA are pain and activity limitation 
and subsequently, limitation in quality of life, and these 
limitations aggregate with increasing severity of knee OA 
(18-21, 34). As seen, our results demonstrated that these 
subscales of the KOOS had good accuracy in discrimi-
nation between the two groups of knee OA. Thus, good 
accuracy of these subscales of the KOOS in discrimina-
tion between the two groups of knee OA seems logical. 
Although, there is no study on the accuracy of KOOS 
questionnaire in discrimination between patients with 
knee OA, the study of the initial validation of KOOS 
questionnaire by Roos et al. (30) showed that items relat-
ed to sports/recreational subscales were not feasible for 
71% of knee OA patients, and were therefore consid-
ered as missing data (30, 35). In addition, Peer et al. (35)  
reported that the Sport/Rec subscale had weak-to-mod-
erate reliability and weak construct validity in patients 
following a total knee arthroplasty. Also, Salavati et al. 
(28) who assessed the validity of the Persian version of 
the KOOS questionnaire in Iranians with knee injuries, 
concluded that the test-retest reliability coefficients were 
high for all subscales except Sport/Rec subscale.
Furthermore, the results of this study showed that the 
symptoms subscale has the highest specificity and the great-
est amount of PLR; thus it has the best ability to confirm 
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identification of knee OA with moderate-to-severe signs. This 
result may be justifiable through items within this subscale. 
Since effusion, morning stiffness, crepitation and limitation 
of motion are part of hallmarks of patients with knee OA, 
these symptoms are significantly more important in patients 
with moderate-to-severe radiographic signs (18). Therefore, 
the positive result of the symptoms subscale (the score of this 
subscale was below 59) can be useful for ruling in the moder-
ate-to-severe group of knee OA. Also, the results of the PPV 
(88%) of the symptoms subscale indicate that if this test is 
positive, i.e., the score of this subscale is lower than 59 (the 
optimal cutoff point), with a probability of 88%, the person 
has the moderate-to-severe grade of knee OA.
On the other hand, among the subscales of the KOOS ques-
tionnaire, the subscale of daily activities has the highest 
sensitivity and the least amount of NLR; as a result, it has 
the best screening ability in ruling out the moderate-to-se-
vere group of patients with knee OA. Also, the large NPV 
of this subscale shows that if the test result is negative or the 
score of this subscale is higher than 61.5, there is an 85% 
probability that the person will have mild grade of knee OA.
The same pattern of findings has also been reported by 
Collins et al. who conducted a systematic review with 
meta-analysis of the measurement characteristics of the 
KOOS in people with knee injuries and/or osteoarthritis, 
and concluded that the subscale of daily activities has better 
content validity for older patients (36). Also, Gandek et al. 
(37) did a comparative study of the validity and responsive-
ness of the KOOS questionnaire among total knee replace-
ment patients, and reach the conclusion that the subscale 
of symptoms and quality of life had the best discriminant 
validity between comorbid condition groups.
The results of functional tests showed that all three tests have 
good ability for discrimination between mild and moder-
ate-to-severe groups of knee OA. In addition, among these 
functional tests, the highest sensitivity, the least amount of 
NLR, and the greatest NPV were related to step test; as a 
result it has the best ability for ruling out the moderate-to-se-
vere grade of knee OA. Also, due to the highest specificity 
and the greatest PLR and PPV, the TUG test, can be useful 
for confirming the diagnosis of moderate-to-severe grade of 
knee OA patients. 
Since no study has examined the relationship between the 
severity of knee OA and clinical tests of standing balance, as 
noted in Hatfield et al.’s systematic review and meta-analy-
sis of clinical tests of standing balance in knee OA patients 
in 2015, no comparison could be made between our results 
and results of other studies (9). However, it can be noted 
that the results of the present study are in agreement with 
previous studies that have examined these functional tests in 
the knee OA group compared with healthy subjects.

Based on the available literature, the most commonly used 
clinical test for assessing the standing balance in knee OA 
patients is the step test (9, 11, 32). According to compara-
tive studies of knee OA patients with healthy older adults, 
due to the large standardized mean differences in assessing 
the between group differences, it has been reported that this 
clinical test may have sufficient sensitivity for detecting and 
monitoring standing balance deficits (9, 11, 32).
On the other hand, based on previous studies, TUG test is 
one of the simplest and quickest tests of functional mobility 
evaluation in knee OA patients, which demonstrates excel-
lent reliability (intra-rater and inter-rater reliability were 
97% and 96%, respectively) (27). Also, this test is a predic-
tor of risk of falling in the elderly (38).
Based on the results of present study, the optimal cutoff 
point for TUG test was determined 11.16 with 80% sensi-
tivity and 90% specificity. In agreement with our results, 
Shumway-cook et al. (38) showed that the TUG test was a 
sensitive (0.87) and specific (0.87) to identify elder people 
who are at risk of falling. They stated that the cutoff point of 
14-seconds as the optimal cutoff point significantly discrimi-
nates between the faller and non-faller groups (38). In 2002, 
Rose et al. (39) identified cutoff point of 10-second with 
71% sensitivity and 86% specificity as the optimal cutoff 
point for discrimination between non-faller and recurrent 
faller. Also, Barry et al. (40) demonstrated that this test with 
a cutoff point ≥ 13.5 seconds with a higher specificity (73%) 
than sensitivity could be useful for ruling in individuals 
at higher risk of falling. Thus, depending on the subjects’ 
characteristics and walking speed, the cutoff score obtained 
from this test has been reported differently in different stud-
ies. Of course, in some of the previous studies, the diagnos-
tic accuracy of this test in correctly classifying individuals 
as fallers has been reported poor to moderate (41). Since 
there was no study of discriminative ability of this test in 
patients with knee OA, we inevitably compared our study 
results with those of studies on the elderly. Therefore, we 
recommend future studies on the discriminative ability of 
functional measures to confirm our findings in patients of 
knee OA classified based on severity of OA.

Limitations
We only assessed patients with mild and moderate-to-severe 
grades of OA of tibiofemoral joint and did not investigate 
patients with other knee conditions (OA of patellofemoral) 
that may have functional limitations. Thus, future studies 
may examine the discriminative ability of these measures 
between patients with OA of tibiofemoral and other knee 
pathologies. Also, we only assessed the KOOS question-
naire and three functional tests. We recommend examining 
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the discriminative ability of WOMAC and other functional 
tests with good reliability and validity (6-min walk test and 
30-s chair stand test) for discrimination between the two 
groups of knee OA patients. 

CONCLUSIONS
In brief, all subscales of the KOOS except sport/recre-
ation subscale and all of the performance-based outcome 
measures (TUG, FRT, Step test) have good ability to 
discriminate between mild and moderate-to-severe groups 
of knee OA. Thus, these functional measures could be 
recommended to be evaluated first for clarifying the severi-
ty of functional limitations in patients with knee OA. Based 
on the results obtained, clinical decisions could be made 
with the aim of appropriate intervention of these patients. 
Overall, our findings provide evidence-based information 
for clinicians and researchers about discriminative ability of 
functional measures in knee OA patients classified based on 
radiographic signs.
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SUMMARY
Background. Musculoskeletal dysfunction is one of the most important occupational health 
issues. Prolonged sitting may be a risk factor for low back pain (LBP) associated with reduced 
muscle endurance, although many people with a sedentary lifestyle and sitting-type job report 
no pain and discomfort in the lumbar region. In the present study, endurance of the core 
muscles in individuals with sedentary jobs with nonspecific chronic LBP were compared with 
those without LBP.
Objective. The present study compared core muscle endurance in individuals with sedentary 
jobs with and without nonspecific chronic low back pain.
Methods. A total of 50 sedentary staffs were selected and divided into LBP and control group. 
Trunk muscle endurance was measured in seconds using the McGill’s trunk flexor endurance 
test, the Sorenson’s trunk extensor endurance test, and the right and left trunk flexor endurance 
test (Side-bridge test). Differences between the two groups were analyzed using multivariate 
general linear models in 2 ways ANOVA. 
Results. There were no significant between-group differences in the raw endurance of the 
extensor, flexor, right/ left flexor muscles (P ≥ 0.05). However, there were significant between-
group differences in some self-reported physical fitness subscales (P < 0.05), duration of sitting 
at home (P = 0.035), frequency of assuming a slump sitting position (P = 0.049), and sitting 
with leaning back to the backrest (P = 0.02) at work. We developed uni- and multivariate gener-
al linear models, which showed adjustments to these parameters and unmasked fundamental 
between-group differences in extensor muscle endurance.
Conclusions. Our finding does not support the popular opinion that daily sitting-while-at-work 
for long durations is necessarily associated with LBP. Instead, sitting posture, lower physical 
fitness levels, and shorter duration of sitting activities at home may be associated with reduced 
extensor muscle endurance in nonspecific chronic low back pain.  

KEY WORDS
Core muscle; Endurance; McGill tests; Nonspecific Chronic Low Back Pain; Sedentary Occupation.

Core Muscles Endurance in Sedentary Staffs 
with and without Nonspecific Chronic Low Back:  
A Cross-sectional Study

N. Haddadi Esfahani1,2, J. Dommerholt3,4, Z. Sadat Rezaeian1

1 Musculoskeletal Research Center and Department of Physical Therapy, Rehabilitation Sciences Research 
Institute, Faculty of Rehabilitation Sciences, Isfahan University of Medical Sciences, Isfahan, Iran

2 Student Research Committee of Rehabilitation Students (Treata), Faculty of Rehabilitation Sciences, Isfahan 
University of Medical Sciences, Isfahan, Iran

3 Bethesda Physiocare, Inc, Bethesda, MD, USA
4 School of Medicine, University of Maryland, Baltimore, MD, USA

IMPACT STATEMENT
Clinical Relevance: considering the association of LBP with sitting 
posture at work, sitting duration at home and level of physical fitness, 
it seems that back school programs to educate  staff preventing this 
predisposing factors may help the health care service to reduce sick 
leaves due to LBP. 
What is known about this subject? Sitting for long time may be 
associated with increased LBP reports in staffs. 
What this study adds to existing knowledge? Previous studies clearly 

distinguish how long-time sitting at work increased the prevalence of 
LBP in staff. In present study, for the first time, numerous background 
and sitting habits were self-reported by the participants. The 
correlation of these demographic and habitual factors with LBP was 
investigated in comparison to staffs of the same work back ground 
who did not suffer from LBP. The results are the first evidence that 
long duration sitting at work does not necessarily result in chronic LBP 
if correct sitting posture is followed and the subject be consistent in 
saving an acceptable level of general physical fitness.
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BACKGROUND
Modern life has pushed human societies toward sedentary 
lifestyles (1, 2). A sitting lifestyle may be one of the most criti-
cal public health problems in the 21st century (3). Due to the 
lower centre of gravity and a wider base of support, sitting 
is a comfortable posture imposing low energy consumption 
(4). Likewise, performing daily activities in a sitting position 
contributes to a sedentary lifestyle.
Using computers has been increased considerably at 
home and at work during last recent decades (5, 6), as 
basic computer skills is now an essential requirement for 
all administrative occupations (7). In the industrial coun-
tries, two thirds of the employees work with computers (8). 
World Statistics Institute reported that using computers 
in a week increased from 5.9 hours in 1997 to 14.6 hours 
in 2003 (9). Considerable advances in technology, such as 
automation systems, have caused decrement in physical 
activity and resulted in lack of mobility in the work envi-
ronments (10, 11). 
Those individuals who do not have any physical activity are 
in the nonmoving or sedentary group (12). The activities of 
energy expenditure between 1.0-1.5 METS (Multiples of 
the basal metabolic rate) are classified as sedentary behav-
iors (12). Light intensity activity behaviors require expen-
diture of no more than 2.9 METs. Moderate-to-vigorous 
physical activity requires an energy expenditure of 3 to 8 
METs. Medium to high level of activity are recommended 
for prevention and treatment of many chronic diseases (13).  
A sedentary lifestyle increases the risk of musculoskeletal 
problems (5, 12). Maintaining the same position for extend-
ed periods may impose creep and deformation in soft tissues 
(14); however, the duration of sustained positions to cause 
creep or deformation varies (15).
Working in sitting positions imposes the period that the 
individual is not moving considerably. The employees in 
the administrative jobs are basically considered to suffer 
from lack of motion (16) since they sat one third to half of 
their working hours (13). Individuals in the industrial coun-
tries usually sit for many hours. For example in the Unit-
ed States and Australia about two thirds of the adults are 
occupied and 83% of these individuals work more than 35 
hours a week (12). In Australia, the proportion of business-
es with internet access raised from 29% in 1994 to 90% in 
2008-2009 (16).
Low mobility increases the risk of musculoskeletal system 
complications (5, 12). World Health Organization defines 
musculoskeletal damages as damage to muscle, tendon, 
nerves, and vessels that is created or worsened due to the 
repetitive or long-term use of one part of the body (17, 18). 
Soft tissues adapt to fix postures as a result of creep and 

tissue mal-alignments (14). The time period at which main-
taining a fixed posture will impose musculoskeletal adap-
tations varies according to the type of the positions. For 
example, this period is 60 to 85 minutes for sitting contin-
uously per day (15). Long-term sitting changes muscular 
patterns and create skeletal problems and muscular pains 
(5, 19, 20). Prolonged sitting may result in increased disk 
load (21), lumbar spine weakness (22), changes in muscle 
activity and activation patterns, and a decrease of the endur-
ance of core muscles (5, 19, 20), and therefore, predispose 
low back pain (LBP) (23-27). 
Stabilization of trunk flexors and extensors are essential for 
normal lumbopelvic function (28). These muscles, known as 
“core muscles”, have a basic role in balance and coordina-
tion in sitting (29). The core is the lumbopelvic-hip complex 
which includes lumbar spine, pelvis, hips, and their respec-
tive musculature. On the other hand, core stability is critical 
for trunk and extremities movements as well (30). Pattern 
of core activity changes in sitting (31, 32) and dysfunction 
of core muscles increased the risk of damage of the upper 
and lower extremities segments (32). Powerful core muscles 
support stabilizes the vertebra and pelvis, prevents balance 
disorders (29) and decreases the rate of LBP which is one of 
the most prevalent occupational disorders (33).   
Rapid change of the human lifestyle toward a computer-
ized automated modern life dragged the research interests 
toward predicting long term consequences of adopting this 
lifestyle. Many studies investigated the role of core muscles 
properties on the individuals’ health and performance. Core 
muscles endurance is a key element for improving body 
health and fitness (34).  Lower endurance of back extensor 
muscles is now evident in people who suffer from low back 
pain (35, 36)  and their endurance has stronger correlation 
and predictive value with LBP than their strength (37). In 
the same way, normal endurance of trunk flexor muscles has 
important role in the normal lumbopelvic function in LBP 
clients (38).
In the present body of literature fixed prolonged sitting 
posture is a predisposing factor for LBP (24). In a study in 
2005 (39), trunk muscle endurance was significantly lower 
in LBP clients than healthy matched individuals, thus they 
recommended trunk muscle endurance as a predictor for 
individual’s susceptibility to LBP. Another study in 2009 
showed that people with standing jobs that require some 
sitting intervals were less exposed to LBP compared to those 
who were permanently working in standing (40). The indi-
viduals who had to sit permanently were also more exposed 
to LBP compared to those who had the chance for move-
ment and standing up in their work hours; that confirms the 
negative consequences of working in a fixed position (40). 
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Nevertheless, since many individuals with sedentary jobs do 
not complain about lumbar pain and discomfort, perhaps 
this assumption is not substantiated. This fact highlights the 
hypothesis that core muscle endurance may not be different 
between these people and those sedentary staffs who suffer 
from LBP.   The present study compared core muscle endur-
ance in individuals with sedentary jobs with and without 
nonspecific chronic LBP using McGill tests. In previously 
published research, the minimum number of repetitions of 
the McGill tests in people suffering from nonspecific chron-
ic LBP was determined (41). 

MATERIALS AND METHODS
This study was a non-experimental (observational), 
cross-sectional and analytical study investigating core 
muscle endurance in sedentary individuals, who were in a 
sedentary position for at least half of their working hours 
during the past year (41).

Participants and sample size
The sample was selected from volunteers, with and without 
nonspecific chronic LBP aged 25-50 years (39), who had 
sedentary jobs in Isfahan administrative organizations. The 
target population consisted of people with at least four years 
of work experience with at least half of their working time in 
sitting postures (37). Subjects were recruited through adver-
tising in public and private organizations of Isfahan and 
from the client list of the Musculoskeletal Research Centre 
database from August 21, 2016, until March 17, 2017. Using 
G*Power software (Version 3.1.5, University of Düssel-
dorf, Düsseldorf, Germany) (42) with α = 0.05, β = 0.8, at 
least 50 subjects with and without nonspecific chronic LBP 
were needed to be included according to Arab et al. (39). 
Subjects with nonspecific chronic LBP had at least six weeks 
of continuous pain or three separate periods of pain with at 
least one week of continuous pain in each period (43). LBP 
was required to occur following their current employment. 
Diagnosis of nonspecific chronic LBP was confirmed by an 
orthopaedic specialist who was blind to our study protocol. 
Subjects were excluded from the study for any of the follow-
ing characteristics: active lifestyle (an individual who had 
any type of exercise activity for at least 45 min three times 
a week, these people were excluded as active life style may 
be an outlier affecting both the LBP characteristics and the 
core muscle biomechanics) (44, 45); systemic diseases such 
as rheumatoid arthritis and diabetes; neurological problems; 
a history of fractures; anatomical or surgical lesions in the 
lower limb and spine (39); a history of rehabilitative exer-
cises in the last six months, which could have altered their 

core muscle endurance (36); stopping the test due to exac-
erbated back pain (36), pregnancy (46); taking any painkill-
ers or opiate medication within the week leading up to the 
test session; pain; and upper or lower extremity problems. 
A physiotherapist who was unaware of the research design 
determined the inclusion and exclusion criteria through an 
in-person interview and a comprehensive clinical examina-
tion. Consultation with relevant specialists was requested 
as needed.
Subjects were divided into groups of subjects with nonspe-
cific chronic LBP (LBP group) and subjects without LBP 
(control group). A physician who was unaware of the study 
design confirmed the diagnosis of nonspecific chronic LBP. 
The examiner responsible for determining the inclusion 
and exclusion criteria confirmed the physician’s diagnosis 
through the evaluation process. The Institutional Ethics 
Committee approved all stages of this study. Individuals 
eligible to participate in the study were given 48 hours to 
read and sign the informed consent form. 

Measurement and data collection
After signing the ethical consent form, other data were 
collected, including demographic data (age and gender), 
body mass index (BMI measured using Portable stadiom-
eter-scale unit, Model No. 220, Seca gmbh & Co. Germa-
ny, Precision: 1 cm, 50 gr), work experience, physical activ-
ity, sitting position (self-reported sitting time and posture is 
usually underestimated; (47, 48) therefore we supposed that 
this report can be trusted as the actual duration of sitting 
position is higher), secondary employment, sleep habits, and 
the Oswestry Disability Index (ODI Score) questionnaire.
The ODI is a valid and highly reliable instrument to assist in 
determining the level of disability from LBP. The question-
naire consists of 10 items with answers in a 6-point Likert 
format. The score may vary between 10 to 50 (49). The level 
of physical fitness was determined by a self-assessed phys-
ical fitness instrument that is valid and reliable in people 
with LBP (50). It has five self-reported subclasses, includ-
ing aerobic fitness, muscular strength, endurance, flexibility, 
and balance based on Visual Analogue Scales (VAS). The 
McGill tests were assigned randomly for each person using 
a draw to increase accuracy. 
McGill clinical tests consist of the flexor endurance test, the 
extensor endurance test, and the side-bridge endurance test 
(51). They are used to assess the endurance of the anterior, 
posterior, and lateral trunk muscles respectively. They have 
high reliability and validity (39, 43, 45, 52-56). The method 
of performing the tests has been described in detail previ-
ously (41). Time of maintaining the test position was record-
ed with a calibrated stopwatch (Precision: 0.17 second, Elec-
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tronic Digital Timer, National Presto Industries, Inc., Eau 
Claire, WI, USA) for each McGill Test. Subjects completed 
all the tests in one session with each test repeated twice with 
at least five minutes of rest in between tests. The maximal 
score on each test was used in the statistical analysis (41).

Statistical analyses
The Shapiro-wilk test was used to determine the distribution 
of statistical data. The independent t-test (if data distribu-
tion followed normal distribution) and the Mann-Whitney 
test (if data distribution did not follow a normal distribu-
tion) were used to compare muscle endurance between 
groups. The correlations between demographic characteris-
tics, motor habits, and core muscle endurance were analyzed 
by calculating the Pearson correlation coefficient (if the data 
distribution was normal) or the Spearman Rho (if the data 
distribution was not normal). Correlations were categorized 
as strong (r > 0.7), moderate (0.7 ≤ r < 0.3), or weak (0.3 ≤ r) 
(42). In the case of a significant difference between groups 
in terms of demographic and background variables, gener-
al linear models (GLM) were developed to adjust the effect 
of any covariate. The correlation between the endurance of 
four groups of core muscles was analyzed using Spearman’s 
Correlation Coefficient. Therefore, if more than one back-
ground variable was significantly different between groups, 
and the correlation coefficient was between 0.3-0.7, multi-
variate GLM would be proposed. The qualitative variables 
included in the models as fixed factors. The effect size was 

reported calculating difference between the means of the 
study groups divided by standard deviation of either group 
(Cohen d). Cohen d was labeled as very small (= 0.01), 
small (=  0.2), medium (= 0.5), large (= 0.8), very large (= 
1.2), and huge (= 2.0) (47, 57). Receiver operating charac-
teristic (ROC) curve analysis was adopted for core muscle 
endurance with cut off set at 0.5. The statistical analysis was 
performed using SPSS 21 (IBM Corp. Released 2012. IBM 
SPSS Statistics for Windows, Version 21.0. Armonk, NY, 
USA.) at α = 0.05.

RESULTS 
Of 63 volunteers, 52 were included in the study. Figure 1 
summarizes participants’ adherence to the study during 
recruitment to analysis phases. 
Ten people did not match the inclusion criteria; one regret-
ted performing the McGill tests because of fear of pain. 
After allocation in study groups, two people were exclud-
ed from the LBP group due to severe pain during the tests. 
Thus, the attrition rate was 7.41% in the LBP group, 0% in 
the control group, and 3.85% in the whole sample. There 
was no missing data for this study. The demographic charac-
teristics of the sample are presented in table I.
There was no significant difference in the demographic 
characteristics between groups (P > 0.05) except for the 
duration of sitting at home, which was significantly longer 
in the control group (P = 0.035). Participants were purpose-
fully selected among people with and without LBP thus 

Figure 1. Study procedure and participant attrition.

Enrollment

Allocation

Analyzed

Assessed 
for Eligibility (N = 63)

Exclusion (N = 11)
Not meeting inclusion criteria = 10

Fear of aggravation of back pain = 1

Low Back Pain Group (N = 27)
Losses = 2 (Pain Exacerbation)

(N = 25)
Losses = 0

Control Group (N = 25)
Losses = 0

(N = 25)
Losses = 0

Assignment (N = 52)
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Table I. Mean values of demographic variables in study groups. 

Variable LBP Control P-value
Age (year) 37.6 ± 6.4 38.6 ± 4.4 0.50

Weight (kilogram) 71.8 ± 14.5 74.3 ± 13.6 0.53

Height (cm) 170.6 ± 10.1 169.8 ± 9.4 0.77

Body mass index (BMI) 24.5 ± 2.9 25.6 ± 3.1 0.18

Oswestry disability index score 17.1 ± 10.4 3.3 ± 3.7 ≤ 0.001*

Pain Intensity (VAS) 3.6 ± 0.9 0.0 ± 0.0 ≤ 0.001*

Daily work duration (hours) 8.8 ± 1.8 8.5 ± 2.6 0.35

Time sitting at work (hours) 7.2 ± 2.1 7.2 ± 1.7 1

Time sitting at home (hours) 2.3 ± 1.3 3.1 ± 1.4 0.035*

Total Daily Sitting Time 9.0 ± 1.9 10.0 ± 2.1 0.28

Duration of employment in current job (year) 11.0 ± 6.5 13.2 ± 6.0 0.22
*P < 0.05.

their scores on the ODI and VAS were significantly different 
between groups (P ≤ 0.001). According to ODI scores, the 
LBP group suffered from minimal disability (49). Gender 
distribution, educational level, smoking history, marital 
status, sleep position, and secondary employment were 
similar in the two groups (P > 0.05, table II).
Table II summarizes the types of sitting position: slump 
sitting (with the spinal column in a kyphotic posture), 
straight sitting (with normal spinal curvatures) on the front 
edge of the chair (58), straight sitting relying on the back-
rest, reclined sitting (posterior sitting), and forward lean 
sitting on the front edge of the chair with forearms on the 
table or desk. The Chi-square test showed that the control 
group used straight sitting relying on the backrest signifi-
cantly more frequently than the LBP group (P = 0.02). In 
contrast, the frequency of other sitting habits, on the chair 
or the ground, was not significantly different between 
groups (P > 0.05). Slump sitting (the last row) presents the 
number of people in either group that used slump sitting 
at home or work or both. It was also significantly different 
between groups (P = 0.049). Table III summarizes the mean 
physical fitness subscales recorded using self-administered 
VAS measures.
The independent t-test showed that all self-reported physical 
fitness indices were lower in the LBP group. The difference 
was statistically significant for aerobic fitness, endurance, 
and balance (P < 0.05). The correlation analysis revealed 
that in the LBP group, the endurance of core muscles was 
significantly and moderately correlated with gender, height, 
BMI, and self-reported strength, but not with slump sitting 
(- 0.17 ≤ r ≤ 0.14, P > 0.05), the ODI score or other back-
ground variables, including sitting habits and durations 
(table IV). 

The control group showed different patterns of significant 
correlations. In contrast to the LBP group, in the control 
group, the endurance of the flexor muscle and the left later-
al flexors showed a moderate but significant correlation 
with sitting duration at work (r = - 0.424, P = 0.049; and r = 
- 0.531, P = 0.008, respectively) and total sitting duration (r 
= - 0.493, P = 0.023 and r = - 0.500, P = 0.021, respectively). 
The Shapiro-wilk’ test confirmed that the distribution of 
the maximum score of core muscle endurance followed a 
normal distribution only in the left lateral flexion score in 
the control group and extension score in the LBP group. 
Therefore, core muscle endurance was compared between 
groups using the Mann-Whitney U test (table V). 
The maximum duration of holding each McGill test was 
longer in the control group, although the difference was not 
statistically significant (P > 0.05). Considering Cohen d, the 
effect size was very small on left lateral flexors endurance, 
small for right lateral flexor endurance, and medium for 
flexor and extensor endurance. Besides, the endurance of 
the right lateral flexors was not significantly different from 
that of the left lateral flexors in either group (P > 0.05). 
Because of the significant between-group difference of the 
duration of sitting at home, and some physical fitness vari-
ables, univariate general linear models were developed with 
adjustments to each of these background variables. Howev-
er, the differences only changed the study results for the 
extensor muscle endurance when adjustments were made 
for aerobic fitness (table VI). 
The models showed that the extensor endurance might be 
statistically less compared to the control group when adjust-
ed to self-reported aerobic fitness level (Partial η2 = 10%, 
P = 0.024), and duration of daily sitting at home (Partial 
η2 = 10%, P = 0.037). On the other hand, the Spearman’s 
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Table II. Background data in term of gender, education level, marital status, smoking history, sleep, and sitting position. 

Variable Subgroups LBP Control P-value
N (%) N (%)

Gender Male 12 (48) 12 (48) 1

Female 13 (52) 13 (52)

Education Alliterated 0 (0) 0 (0) 0.67

Elementary 0 (0) 1 (4)

Diploma 1 (4) 3 (12)

Associate’s 1 (4) 1 (4)

Bachelor’s 11 (44) 7 (28)

Master’s  8 (32) 8 (32)

PhD  4 (16) 4 (16)

Missing Data  0 (0) 1 (4)

Smoking History Positive 2 (8) 1 (4) 0.56

Marital status Single 2 (8) 2 (8) 0.67

Married 23 (92) 22 (88)

Divorced 0 (0) 0 (0)

Widow 0 (0) 1 (4)

Sleep position Supine  3 (12) 5 (20) 0.14

Sidelying 15 (60) 16 (64)

Prone  6 (24) 2 (8)

Missing Data 1 (4) 2 (8)

2nd employment Positive 1 (4) 3 (12) 1

Sitting on the chair Slump sitting 10 (40) 7 (28) 0.38

Straight sitting on the front edge of the chair  4 (16) 6 (24) 0.48

Straight sitting relying on the backrest  7 (28) 15 (60) 0.02*

Reclined sitting  8 (32) 6 (24) 0.53

Forward lean sitting on the front edge of the chair  7 (28) 12 (48) 0.15

Sitting on the floor Slump sitting  9 (36) 5 (20) 0.21

Straight sitting 2 (8) 4 (16) 0.39

Straight sitting relying on the wall or cushion 9 (36) 12 (48) 0.40

Reclining on wall or cushion 10 (40) 15 (60) 0.16

Slump sitting Those sat in slump position at work or at home 15 (60) 8 (32) 0.049*
*P < 0.05.

Correlation Coefficient confirmed multivariate GLMs 
might be developed since endurance of each core muscle 
was correlated with all other muscles (0.3 < r < 0.7). 
In the LBP group, the endurance of core muscles was 
correlated with acceptable correlation coefficients (0.45 < r 
< 0.64) except for trunk flexors and extensors (r = 0.383, P = 
0.059). In the control group, there was a statistically accept-
able correlation coefficient between trunk flexors and exten-
sors (r = 0.521, P = 0.008) and a strong correlation for lateral 
flexors (r = 0.816, P ≤ 0.001). These results imply that multi-

variate GLMs may be developed regarding the control group, 
although the left and right lateral flexors may not be included 
in one model simultaneously. Besides, because of the sample 
size, at most three covariates might be included in GLMs. 
The first multivariate models were adjusted to each possi-
ble pair of background data that were significantly different 
between groups (self-reported aerobic fitness, endurance, 
balance and sitting duration at home). The results showed 
that only adjustments to aerobic fitness and sitting duration 
at home (Wilks Lambda = 0.79, F (1, 48) = 3.38, Partial η2 = 
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0.21, P = 0.028, β = 0.72) might reveal a significant lower 
extensor endurance concerning the control group. Qualita-
tive variables are not allowed to be adjusted to in covariate 
models however, the frequency of sitting on the chair relying 
on the backrest, and sitting in slump position were signifi-
cantly different between groups; thus, multivariate 2 ways 
ANOVA models were developed adding sitting posture and 
slump position separately as fix factors while adjusting the 
model to aerobic fitness and daily sitting duration at home.

The results showed that only when using the left lateral flex-
or endurance in the model, adjustments to aerobic fitness, 
and sitting duration at home with inclusion of slump sitting 
(Wilks Lambda = 0.76, F (1, 47) = 3.83, Partial η2 = 0.24, P = 
0.02, β = 0.78) might unmask a significant between-group 
difference of the extensor endurance. 
The models revealed that a multivariate 2 ways (group*slump 
position) GLM with an adjustment to aerobic fitness, and 
sitting duration at home might be needed to predict the 

Table IV. Spearman’s correlation coefficient for core muscle tests records and background and demographic variables. 

Group Variable Flexion Extension Right Lateral Flexion Left Lateral Flexion

LBP

Age (year) - 0.015 (0.945) - 0.358 (0.079) 0.033 (0.877) - 0.091 (0.666)

Gender 0.033 (0.874) - 0.239 (0.250) - 0.539** (0.005) - 0.533** (0.006)

Height (cm) 0.133 (0.526) 0.212 (0.309) 0.477* (0.016) 0.541** (0.005)

Weight (kg) - 0.069 (0.745) - 0.192 (0.358) 0.217 (0.297) 0.222 (0.287)

BMI (kg/m2) - 0.247 (0.234) - 0.400* (0.048) - 0.009 (0.966) - 0.091 (0.666)

Aerobic Fitness (cm) - 0.034 (0.872) 0.106 (0.615) 0.264 (0.203) 0.279 (0.177)

Muscular Strength (cm) 0.144 (0.493) 0.417* (0.038) 0.398* (0.049) 0.389 (0.055)

Endurance (cm) 0.033 (0.875) 0.157 (0.453) 0.191 (0.359) 0.133 (0.526)

Flexibility (cm) 0.008 (0.971) 0.346 (0.090) 0.101 (0.629) 0.079 (0.708)

Balance (cm) 0.128 (0.543) 0.144 (0.492) 0.103 (0.623) 0.179 (0.393)

Control

Age (year) 0.130 (0.537) 0.153 (0.467) 0.372 (0.067) 0.482* (0.015)

Gender 0.633** (0.001) 0.383 (0.059) - 0.200 (0.338) 0.056 (0.792)

Height (cm) - 0.604** (0.001) - 0.371 (0.068) 0.318 (0.121) 0.137 (0.515)

Weight (kg) - 0.642** (0.001) - 0.568** (0.003) 0.043 (0.837) - 0.019 (0.929)

BMI (kg/m2) - 0.520** (0.008) - 0.658** (≤ 0.001) - 0.209 (0.316) - 0.136 (0.518)

Aerobic Fitness (cm) 0.005 (0.982) - 0.231 (0.266) 0.069 (0.745) - 0.052 (0.806)

Muscular Strength (cm) 0.017 (0.934) 0.081 (0.701) 0.214 (0.305) 0.132 (0.529)

Endurance (cm) 0.016 (0.939) 0.161 (0.443) 0.314 (0.127) 0.139 (0.508)

Flexibility (cm) 0.252 (0.225) 0.031 (0.884) 0.418* (0.038) 0.201 (0.336)

Balance (cm) - 0.123 (0.558) - 0.006 (0.978) 0.352 (0.085) 0.072 (0.732)
* P values in parenthesis: *P < 0.05, ** P < 0.001.

Table III. Mean values of physical fitness variables. 

Variable LBP Control P-value

Aerobic Fitness (cm) 5.3 ± 1.6 6.3 ± 1.6 0.03*

Muscular Strength (cm) 5.3 ± 1.4 5.9 ± 1.7 0.14

Endurance (cm) 5.1 ± 1.6 6.2 ± 1.7 0.02*

Flexibility (cm) 4.9 ± 1.6 5.6 ± 1.7 0.16

Balance (cm) 5.3 ± 1.5 6.3 ± 1.6 0.02*

*P < 0.05.
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Table V. Maximum endurance of each muscle in two groups.

Dependent Variable Group N Mean ± SD P-value Ratio (LBP/
Control) × 100 Cohen d

Flexor Endurance (s)

LBP 25.00 129.96 ± 105.90
0.14 74.20% - 0.38

Control 25.00 175.16 ± 129.62

Total 50.00 152.56 ± 119.35

Extensor Endurance (s)

LBP 25.00 68.20 ± 38.06
0.70 70.11% - 0.56

Control 25.00 97.28 ± 59.98

Total 50.00 82.74 ± 51.84

Endurance of Right 
Lateral Flexors (s)

LBP 25.00 53.20 ± 43.99
0.19 86.87% - 0.20

Control 25.00 61.24 ± 38.03

Total 50.00 57.22 ± 40.90

Endurance of Left 
Lateral Flexors (s)

LBP 25.00 56.64 ± 40.56
0.48 97.52% - 0.04

Control 25.00 58.08 ± 29.92

Total 50.00 57.36 ± 35.28

difference between core extensor muscles endurance in 
individuals with or without LBP. 
Clearly, self-reported aerobic fitness and duration of sitting 
activities at home anticipated more than 20 percent of the 
endurance of core extensors in people suffering from LBP 
compared to individuals who did not complain from LBP 
under similar job situations. Power confirmed that negative 
results may not be a consequence of our sample size. 
The results of ROC curve analysis are shown in table VII. 
Only in Extensor Endurance the area under Curve was at 
the margin of statistical significance (p = 0.07). The thresh-
olds that best discriminates between the presence or the 
absence of pain, was 76.0, With Sensitivity of 68.0 and Spec-
ificity of 60.0.

DISCUSSION 
McGill test are used extensively in clinical practice and 
research to measure core muscle endurance (59-63). The 
flexor muscle endurance test engages the transverse abdom-
inal muscles, the internal and external oblique muscles, 
and the rectus abdominis muscles (64). The extensor test 
recruits primarily the multifidus and iliocostalis lumbo-
rum muscles (65) and the right and left lateral flexor tests 
engage primarily the quadratus lumborum muscle (54, 56). 
This cross-sectional study compared core muscle endurance 
using McGill test between subjects who were required to 
work in a sitting position for more than half of their work 
hours during the past year. A simple analysis of the maxi-
mum duration of performing McGill tests showed that 

Table VI. Univariate general linear models developed according to the basic difference between groups when extensor 
endurance set as a dependent variable. 

Adjusted to B
95% Confidence Interval

Std. Error t F (1, 48) P- value Partial 
Eta Squared

Observed 
PowerLower Bound Upper Bound

Aerobic - 34.76 - 64.69 - 4.83 14.88 - 2.34 5.46 0.024* 0.10 0.63

Endurance - 24.67 - 54.88 5.54 15.02 - 1.64 2.70 0.11 0.05 0.36

Balance - 28.31 - 58.84 2.23 15.18 - 1.87 3.48 0.07 0.07 0.45

Daily 
Sitting at Home - 35.47 - 68.75 - 2.19 16.48 - 2.15 4.63 0.037* 0.10 0.56

* P < 0.05.
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Table VII. The result of roc curve analysis used for differentiating participants with and without back pain based on flexor 
endurance, extensor endurance, endurance of right lateral flexors and endurance of left lateral flexors. 

Variable Cutoff 
Score Sensitivity Specificity Area Under 

Curve (%) P Value
Asymptotic 95% 

Confidence Interval
Lower Bound Upper Bound

Endurance of Flexors < 101.5 64.0 60.0 62.2 0.138 46.5 78.0

Endurance of Extensors < 76.0 68.0 60.0 65.0 0.070 49.6 80.3

Endurance of Right 
Lateral Flexors

< 39.0 76.0 52.0 60.9 0.187 44.9 76.9

Endurance of Left Lateral Flexors < 47.5 72 48.0 55.8 0.479 39.5 72.2

subjects in the LBP group performed at 70-87% of subjects 
in the control group for trunk flexion, extension, and right 
lateral flexion. Although this difference was not statistically 
significant, it still worth noticing in the clinic. The partici-
pants did score significantly different for self-reported phys-
ical fitness, duration of sitting activities at home, and the 
preferred posture when sitting. 
There is not a precise specific test available for measuring 
strength and endurance of core muscles. Researchers often 
recommend electromyography (EMG) methods for analyz-
ing core strength and endurance (66). Other methods such 
as fine wire EMG, Ultrasonography and Isokinetic tests 
are highly valid and reliable as well (67-69); however, these 
procedures are expensive and may not be adopted in a clini-
cal set up. Clinicians prefer cheap, easy to perform, and fast 
exams to the evaluate core muscle function. McGill tests are 
fast and cheap clinical test of acceptable validity and reli-
ability and evaluate core muscles in extension, flexion and 
lateral flexion (70).
In spite of excluding physically active people and athletes, 
subjects in the control group had statistically higher physical 
fitness levels for aerobic fitness, endurance, and balance, as 
noted on self-reported visual analogue scales. They estimat-
ed their physical capabilities at higher levels than subjects in 
the LBP group.
Previous studies have shown that people have lower back 
muscle endurance when they exercise less, watch more TV 
(71, 72), have lower self-efficacy (73) or lower muscular 
fitness (74, 75). Therefore, the results of the present study 
were in line with previous researches. A statistically signifi-
cant decrease of extensor endurance was noted in the LBP 
group after univariate model adjustments to aerobic fitness. 
On the other hand, subjects in the LBP group suffered from 
minimal pain and disability based on the VAS and ODIQ, 
which implies that the difference may not be related to 
their pain levels or their pain-induced fear of being active. 
Further research is highly recommended to investigate 
physical fitness in individuals with and without nonspecific 

chronic LBP using objective measures. Besides, considering 
these parameters would seem to be required in studies that 
compare people with and without nonspecific chronic LBP.
Slump posture while sitting and duration of daily sitting at 
home were the other variables with significant differences 
between groups. Aerobic fitness, slump posture, and dura-
tion of sitting at home were recognized as main covariates 
for analyzing extensor muscle endurance.
Muscular activity patterns vary in different sitting postures; 
and the activity of the stabilizer muscles is closely correlat-
ed with individual’s sitting posture (72). While sitting, the 
low back reaches terminal flexion range (72). Inappropri-
ate sitting postures tilt the pelvis, reduce the lumber curve, 
increase the load on the intervertebral disks and finally 
produce back pain (24). One inappropriate sitting posture 
is the slump position in which the pelvic is in the posterior 
tilt, thoracolumbar region is fully relaxed and head & neck 
are flexed (72). 
Paravertebral muscles are postural muscles that actively save 
body upright and control bending in lumbar vertebrae. The 
activity of these muscles is limited while sitting (72); in addi-
tion, abdomen and back muscles’ activity decrease in the 
slump position (26, 72, 76), i.e., rate of multifidus and abdo-
men muscles activity reaches to the minimum thus, more 
stress will be imposed on the non-active tissues that support 
the spinal column and the pelvis (26). Reduced muscular 
activity in slump position is probably due to the changes in 
control motor patterns (77). 
Although balance, endurance and straight sitting relying on 
backrest were significantly different between groups, there 
were no group differences with univariate models; however, 
they were significantly effective in combination as a pair of 
main covariates. More precise studies may help understand-
ing the mechanism through which these parameters alter 
extensor muscle endurance.
Correlation coefficients showed that in the LBP group 
extensor endurance is moderately but reversely correlat-
ed to BMI. Also, self-reported muscle strength showed a 
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moderate correlation to extensor endurance. The right and 
left lateral flexors were moderately correlated to the indi-
vidual’s height and gender. Males featured greater endur-
ance than females. Flexor endurance showed no significant 
correlation to physical and anthropometric parameters in 
the LBP group, but in the control group, it was moderate-
ly and reversely correlated with weight, height, and BMI 
and greater in females. For the control group, extensor 
endurance was reversely correlated to weight and BMI. 
The difference in patterns of between-group correlations 
may be a consequence of the chronicity of symptoms in the 
LBP group.
Modern age has imposed a more sedentary lifestyle (1, 
2), which in turn, may increase the risk of musculoskele-
tal problems (5, 12). Prolonged malposture may be one of 
the contributing factors to a higher prevalence of muscu-
loskeletal problems (5, 72, 78). Proper posture may main-
tain the normal spinal curves even in the sitting position, 
while reduced spinal curvatures may increase stress in the 
ligamentous structures and possibly results in pain (78). 
Activity levels and activation pattern of muscles are differ-
ent in various sitting postures. Comparing the lumbo-pelvic 
upright sitting posture to a thoracic upright sitting posture 
shows altered trunk muscle activation. During the thorac-
ic upright posture, the global muscles, such as the thorac-
ic erector spinae, co-activate more compared to the local 
spinal muscles, such as the lumbar multifidus (58). Addi-
tionally, the activity level of the thoracic erector spinae is 
higher in thoracic upright sitting compared to slump and 
lumbo-pelvic postures (79). The best sitting posture is not 
definitely clarified in the literature and whether there is an 
ideal posture continues to be surrounded by controversy 
among researchers and clinicians. Qualitative assessments 
recommended sitting with a neutral shape of the spine, 
which generally is comfortable and relaxed without extreme 
muscle tone (80, 81). Over 70% of physiotherapists consid-
ered the upright lordotic sitting posture as the optimal 
posture (82). 
Major stakeholders in the healthcare systems around the 
world commonly agree that prolonged sitting is associat-
ed with a higher prevalence of LBP (25, 83-88). Sustained 
sitting for more than thirty minutes is considered a common 
aggravating factor for many people with LBP (81), although 
there is a lack of evidence in support of this concept (89-91).
The back extensor muscles play an essential role in motor 
control dysfunctions, such as limited balance in LBP (92). 
Star excursion balance exercises are suggested as a part of 
treatment plan in people with CLBP (93). Similarly, the 
present results showed significantly lower levels of balance 
capabilities in the LBP group when measured by a self-re-
port scale.

When sitting in a more balanced position, the paravertebral 
muscles stabilize the spine (94, 95). The activity of the back 
extensor muscles and multifidi are respectively 2 and 5 times 
and up to 10 times smaller with the slump position than 
with sitting with a backrest. People who frequently sit in a 
slump position may develop gradual weakness of the dorsal 
muscles, including the multifidus and erector spine muscles, 
which may cause instability and, ultimately, pain (32). 
Biomechanical studies have shown that prolonged sitting 
leads to slump or flexed positions of the spine (96). Creep 
happens following continuous or repeated spinal flex-
ion that stretches the viscoelastic tissues of the spine (97, 
98) and actuates the experience of pain and inflammation. 
Chronic inflammation decreases the sensitivity of muscle 
spindles in the trunk extensors (99) and subsequently, 
diminishes their endurance (72). The creep in the viscoelas-
tic tissues expands within 20 minutes of static flexion (14). 
It is conceivable that prolonged sitting may move the spine 
into flexed sitting resulting in creep phenomena, flexion-re-
laxation (reduced extensor muscle activity due to a flexed 
posture), and fatigue of the back extensor muscles, especial-
ly the multifidus (98, 100). 
The present study supported these concepts. The subjects 
were employed in their current position for at least the 
past five years. Sixty percent of the LBP subjects reported 
slump position on a chair or floor while 60% of the control 
participants reported straight sitting on chair relying on a 
backrest. Interestingly, the duration of sitting at home was 
35% longer in the control group while the groups did not 
differ significantly in the sitting duration at work. The study 
provides evidence that prolonged sitting may not be inevita-
bly unsafe if people adopt proper postures; however, further 
research is recommended. 
We did not observe a statistically remarkable difference for 
trunk muscle endurance between the groups, although the 
mean muscle endurance was 23-30% less in LBP subjects 
for the flexors, extensors, and right lateral flexors. This 
difference is clinically remarkable since it provides evidence 
of ongoing weakness in all core muscles groups in the LBP 
group. Perhaps, the large standard deviations in the present 
study masked the underlying differences in muscle endur-
ance. The extensor muscle endurance in the control group 
of the present study was significantly lower than in the 
study by McGill (56). Low muscle endurance in the present 
control group may also be a reason for insignificant differ-
ences between groups. On average, subjects in this study 
were 1.5 times older than the participants in the McGill 
study and the difference in the type of the daily activities 
and age may explain the differences between the two stud-
ies. In a study of healthy Nigerians, the endurance of 21- to 
30-year-olds (the age range in the McGill study) was signifi-
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cantly higher than that of 31-40-year-olds (the age range in 
the present study). Besides, muscle mass and muscle func-
tion decrease with age in adults (25). Therefore, it is import-
ant to consider the age of the participants when comparing 
the results in various studies. Moreover, racial, and ethnic 
variations among studies should be taken into account.
One notable result of the present study was that because 
of the strong correlation of endurance in the right and left 
lateral flexors, they were not included as dependent vari-
ables in any single MANCOVA model. In line with previ-
ous studies (43, 56, 101), the endurance of the lateral flex-
ors did not differ significantly in either group. Conversely, 
adjustment to the main background variables uncovered 
significantly less extensor endurance in the LBP group only 
in models that featured the lateral flexors endurance as a 
dependent variable. 
Swain (54) and Evans (102) reported higher endurance of 
the lateral flexors on the dominant side in ballerinas and 
elite golfers. In gymnasts, trunk flexor endurance is higher 
compared to extensor endurance (103). These findings imply 
the importance of fitness levels and athletic background 
of the participants when studying core muscle endurance. 
Controlling this effect, none of the participants of this study 
were athletes or physically active, however, self-reported 
physical fitness estimations showed significant differences 
between groups. This finding may be attributed to avoid-
ance-coping of people with chronic LBP that adversely 
diminishes their perceived level of physical capabilities. 
94% percent of the participants in the present study were 
right-handed. Right lateral flexor endurance in the LBP 
group was 87% compared to the control group. For left 
lateral flexor endurance, the ratio increased to 97.5%. While 
hand dominance does not effectively change the endurance 
of lateral flexors (101), subjects in the LBP group present-
ed with reduced right lateral flexor endurance greater than 
left lateral flexor endurance. This is another topic requiring 
more research in future studies.

Limitations and problems
This study does not include any cluster sampling. Because 
there is no database of state and private companies and 
organizations in our province, it was not possible to extract 
the number of employees and their regional distribution. 
Therefore, recruitment was carried out through advertis-
ing in public and social media throughout Isfahan. Besides, 
people with severe LBP, that their pain interfered with their 
work activity, and those who were moderately to extremely 
disable because of their pain did not volunteer to partici-

pate in the study. We did not investigate the mental well-
being of the participants, which may have played a role in 
reducing core muscle endurance. Therefore, the results of 
this study are applicable only to those who continue their 
routine work despite of LBP. 
The present study focused on core muscle endurance based 
on the existing body of literature. However, the concept of 
peak strength of core muscles worth further investigation 
specifically in comparison to the core muscle endurance and 
coordination.
Given this is a negative study, we strongly recommend 
further similar studies of larger sample size to develop 
regression models.

Implications 
People with a minimum disability score based on the ODI 
scale volunteered in the present study. Future studies may 
consider the pain severity. Also, similar studies of differ-
ent types of specific LBP are recommended. A basic study 
providing a normative range of core muscle endurance in 
Iranian people of different age groups, working in various 
occupations, and athletes will be clinically valuable. Clini-
cal trials to discuss the effect of exercises aimed at improv-
ing endurance of core muscles, especially extensor muscles, 
for various severities of LBP or the risk of LBP in future 
will provide better understanding of the interaction of LBP 
and core muscle endurance. It would be of great value to 
consider long-term interventions and long-term follow-up 
to observe any pertinent changes.

CONCLUSIONS
Our finding does not support the popular opinion that 
sitting-while-at-work for long durations as a daily routine is 
necessarily associated with LBP; instead, the sitting posture, 
lower level of physical fitness and shorter duration of sitting 
activities at home may be associated with reduced extensor 
muscle endurance in nonspecific chronic LBP. The study 
was conducted according to the journal’s guidelines (104).
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SUMMARY
Background. Tendinopathies are a common complaint presenting to health profession-
als, including osteopaths. Evidence supports the use of exercise rehabilitation, with a 
potential role for manual therapy. This study sought to profile the practice and clinical 
management characteristics of Australian osteopaths who often treat tendinopathies.  
Methods. The study was designed as a cross-sectional survey of Australian osteo-
paths.  Participants were Australian osteopaths who were members of the Osteopa-
thy Research and Innovation Network (ORION) - the Australian professions’ prac-
tice-based research network.  Participants were invited to complete a 27-item practice 
and clinical management characteristic questionnaire.  The questionnaire asked partic-
ipants to identify demographic, practice and clinical management characteristics asso-
ciated with their practice.  Regression modelling was used to identify significant char-
acteristics associated with often treating tendinopathies.
Results. Nine hundred and eighty-nine osteopaths responded and over 41% (n = 
410) reported often treating tendinopathies.  This group were more likely to be female 
(ORa 1.5), often treat patients with chronic pain (ORa 3.8) and sports injury (ORa 2.5) 
and often use exercise prescription (ORa 1.6) in patient care. 
Conclusions. Australian osteopaths who often treat tendinopathies demonstrate differ-
ent clinical practice and management characteristics compared to their colleagues who 
do not often treat this complaint.  Research into patient outcomes and cost-effective-
ness of osteopathy care for the management of tendinopathies is now required.

KEY WORDS
Musculoskeletal; manual therapy; rehabilitation; osteopathic medicine; practice-based 
research network.

Characteristics of Australian Osteopaths 
Managing Tendinopathies: Analysis of a Nationally 
Representative Survey of 989 Practitioners

B. Vaughan1,2, M. Fleischmann3, J. Mest4, K. Fitzgerald5, P. Malliaris6

1  Department of Medical Education, University of Melbourne, Melbourne, Australia
2  School of Health & Human Sciences, Southern Cross University, Lismore, Australia
3  College of Health & Biomedicine, Victoria University, Melbourne, Australia
4  University of Canberra Health Clinics, Faculty of Health, University of Canberra, Canberra, Australia
5  School of Health & Biomedical Sciences, RMIT University, Melbourne, Australia
6  Department of Physiotherapy, School of Primary and Allied Health Care, Monash University, Melbourne, 

Australia

INTRODUCTION
Tendons are a unique connective tissue attaching muscle to 
bone (1) and loading the tendon beyond its load capacity 
has been identified as a key risk factor to the development of 
tendinopathy (2). Tendinopathy is a highly prevalent condi-
tion that affects people from both athletic and non-athlet-
ic backgrounds (3-6). Prevalence studies across a variety 
of contexts suggests that tendinopathies are likely to be a 

common presentation to a range of health professionals (7). 
Much of the prevalence literature focuses on lower extrem-
ity tendinopathies in different age groups (8), and popula-
tions (3), including those competing in sport at the elite (3) 
and non-elite level (9). However, Hopkins et al. (10) argue 
the prevalence of tendinopathies may be underestimated. 
First line management of tendinopathy is exercise-based (2). 
Contemporary narrative suggests that progressively expos-
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ing the tendon to heavy slow resistance (HSR), the best way 
to: 1) improve load tolerance and mechanical stiffness of the 
tendon being loaded (2) and 2) induce adaptive changes to 
the musculotendinous unit. Loading programs have been 
shown to be efficacious in the management of adults with 
lower limb tendinopathy (11, 12).
There is an emerging body of evidence that draws associa-
tions between tendinopathy and psychosocial factors (13). 
Kinesiophobia or fear of movement was found to be pres-
ent in 2 of every 3 patients in a consecutive cohort of adults 
with lower limb tendinopathy. Kinesiophobia, catastroph-
isation and depression were found to be positively associ-
ated with plantar heel pain (14) and with increased symp-
tom severity in gluteal tendinopathy (15). When treating 
tendinopathy, evidence-based approaches to addressing 
psychosocial issues and chronic pain management may 
also be required as part of a multifaceted, patient-cen-
tred approach.
Osteopathy offers a whole person approach utilising a 
patient-centred, biopsychosocial (BPS) model. As such, 
osteopaths are well placed to play a role in the multidisci-
plinary management of musculoskeletal conditions includ-
ing tendinopathy. Australian osteopaths are primary contact 
health professionals who utilise a range of manual therapy 
and exercise interventions in patient care, in addition to 
advice with respect to nutrition, stress and ergonomics (16). 
In Australia, osteopaths are not trained medical profession-
als but are able to examine and diagnose conditions affect-
ing the musculoskeletal system, including tendinopathies. 
Recent workforce data suggests osteopaths manage tendi-
nopathies relatively frequently (16) and are well placed to 
institute best practice tendinopathy management. The aim 
of this study was to profile the practice and clinical manage-
ment characteristics of Australian osteopaths who often 
manage tendinopathies to better understand the role these 
health professions play in its management. 

METHODS
Data for the secondary analysis were drawn from the prac-
tice-based research network (PBRN) established for the oste-
opathy profession in Australia – the Osteopathy Research 
and Innovation Network (ORION) Project (http://www.
orion-arccim.com/) (16). 

Sample 
Nine hundred and ninety-two osteopaths (N = 992) complet-
ed the ORION survey representing 49.1% of the profes-
sion at time of completion. The ORION research design 
and baseline data have been described elsewhere (16). The 

ORION practitioner sample is nationally representative of 
the wider profession on a number of indicators including 
age, gender and primary practice location by comparison 
with data from the Australian Health Practitioner Regula-
tion Agency (16). 

Questionnaire 
Participants completed a questionnaire designed to collect 
demographic characteristics, practice characteristics, and 
clinical management of patient’s via 27 items. Demograph-
ic characteristics included age, gender, the highest level of 
osteopathy professional qualification, and length of time 
working in private osteopathy practice. Practice charac-
teristics include the average patient care hours and patient 
visits per week, practice location, health professionals work-
ing in same practice location, referral relationships (receiv-
ing and sending) with other health professionals, and diag-
nostic imaging use. The participants were asked about their 
clinical management, such as people’ conditions, patient 
groups, and various aspects of osteopathy techniques. With 
respect to the current study, respondents were asked to 
indicate the frequency with which they manage patients 
with a tendinopathy (never/rarely/sometimes/often) as the 
outcome variable.

Statistical analyses
Participants were categorised as based on their response to 
the frequency item. For the analysis, the outcome variable 
was dichotomised to ‘not often’ (never/rarely/sometimes) 
and ‘often’ treating patients with tendinopathies. Partic-
ipants’ demographics, practice characteristics, and clini-
cal management were then compared between groups via 
chi-square tests and independent measures t-tests. Unad-
justed odds ratios (OR) were calculated for the chi-square 
tests, and effect sizes calculated for t-tests where relevant.
Variables with a p < 0.10 were subsequently included in a 
multiple logistic regression model, using a backward step-
wise elimination process, to examine the practice character-
istics statistically significantly associated with frequency of 
managing tendinopathies. Alpha was set at 0.05 and adjust-
ed odds ratios (ORa) were estimated from this multivariate 
logistic regression modelling. All statistical analyses were 
performed using SPSS version 25.

Ethical approval
Osteopaths who chose to participate in the PBRN provided 
informed consent and ethics approval was granted through 
the University of Technology Sydney (approval number: 
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2014000759).  The data collection was performed in accor-
dance with the ethical standards for the journal described 
by Padulo et al. (17) .

RESULTS
Nine hundred and eighty nine respondents (99.7% of the 
ORION database) provided a response to the frequency 
item “How often do you treat patients with a tendinop-
athy?” (never/rarely/sometimes/often). The number of 
Australian osteopaths who reported treating tendinopa-
thies often was 410 (41.4%) (table I).  Descriptive statis-
tics for the sample are presented in table I.  Australian 
osteopaths who often treated patients with tendinopa-
thies were 60% more likely to be female in addition to 
reporting a greater number of patient visits and patient 

care hours per week, and being less likely to be involved 
in research (table I).  
Australian osteopaths who often reported treating tendinopa-
thies were more likely to send referrals to, and receive referrals 
from, a range of health professionals when compared to those 
who do not (table II).  Referrals for diagnostic imaging were 
also three times more likely to be used by those osteopaths 
often treating tendinopathies compared to those who do not.
Australian osteopaths who report often treating tendinop-
athies were more likely, compared to those who do not, 
to discuss a range of lifestyle and self-management strate-
gies with patients, along with treating the breadth of body 
regions (table III).  Most of the common manual therapy 
techniques utilised by Australian osteopaths were more like-
ly to be used by those reporting often treating tendinopa-
thies compared to those who do not.

Table I. Practitioner characteristics of Australian osteopaths who often treat patients with tendinopathies.

‘Often’ (n = 410) ‘Not often’ (n = 579) p-value OR [95% CI]
Gender
 Male 210 (51.2%) 366 (63.2%)

 Female 200 (48.8%) 213 (36.8%) < 0.01 1.6 [1.2, 2.1]

Age (years)
 Mean (± SD) 38.3 (± 10.4) 37.8 (± 11.2) 0.48 -

Years in clinical practice
 Mean (± SD) 11.8 (± 8.5) 11.1 (± 9.3) 0.24 -

Patient care hours per week
 Mean (± SD) 30.3 (± 11.8) 26.3 (± 12.0) < 0.01a -

Patient visits per week
 Mean (± SD) 39.9 (± 18.5) 33.9 (± 18.3) < 0.01b -

Qualification (n, %)
 Diploma 28 (6.8%) 33 (5.7%) 0.40 -

 Advanced Diploma 1 (0.2%) 8 (1.4%)

 Bachelor degree 91 (22.2%) 127 (21.9%)

 Master’s degree 283 (69.0%) 396 (68.4%)

 PhD 1 (0.2%) 4 (0.7%)

 Other 6 (1.5%) 11 (1.9%)

Additional qualification* 7 (1.7%) 8 (1.4%) 0.68 -

Involved in as an osteopath
 University teaching 49 (12.0%) 67 (11.6%) 0.85 -

 Clinical supervision 66 (16.1%) 84 (14.5%) 0.49 -

 Professional organisations 40 (9.8%) 67 (11.6%) 0.36 -

 Research 14 (3.4%) 40 (6.9%) 0.02 0.5 [0.2, 0.8]

 Volunteer 66 (16.1%) 92 (15.9%) 0.93 -
*Qualification beyond primary osteopathy qualification, a d=0.33, b d=0.32 (d=Cohen’s d effect size).
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Table II. Practice characteristics of Australian osteopaths who often treat patients with tendinopathies.

‘Often’ (n = 410) ‘Not 
often’ (n = 579) p-value OR [95% CI]

Practice location
 Urban practice 336 (82.0%) 482 (83.2%) 0.60 -

 More than one practice location 150 (36.6%) 196 (33.9%) 0.37 -

Co-located with other health professionals (‘yes’) -

 Osteopath 275 (67.1%) 365 (63.0%) 0.19 -

 General Practitioner 36 (8.8%) 35 (6.0%) 0.10 -

 Specialist Medical Practitioner 13 (3.2%) 18 (3.1%) 0.95 -

 Podiatrist 71 (17.3%) 75 (13.0%) 0.06 -

 Physiotherapist 59 (14.4%) 85 (14.7%) 0.90 -

 Exercise Physiologist 57 (13.9%) 65 (11.2%) 0.21 -

 Occupational Therapist 5 (1.2%) 14 (2.4%) 0.18 -

 Psychologist 78 (19.0%) 112 (19.3%) 0.90 -

 Massage Therapist 210 (51.2%) 289 (49.9%) 0.68 -

 Acupuncturist 76 (18.5%) 111 (19.2%) 0.80 -

 Naturopath 82 (20.0%) 110 (19.0%) 0.70 -

 Dietician 29 (7.1%) 43 (7.4%) 0.83 -

 Nutritionist 38 (9.3%) 40 (6.9%) 0.17 -

Send referrals to other health professionals (‘yes’)
 Osteopath 225 (54.9%) 279 (48.2%) 0.04 1.3 [1.0, 1.7]

 General Practitioner 368 (89.8%) 507 (87.6%) 0.29 -

 Specialist Medical Practitioner 204 (49.8%) 237 (40.9%) < 0.01 1.4 [1.1, 1.8]

 Podiatrist 286 (69.8%) 362 (62.5%) 0.02 1.4 [1.0, 1.8]

 Physiotherapist 145 (35.4%) 186 (31.1%) 0.29 -

 Exercise Physiologist 186 (45.4%) 210 (36.3%) < 0.01 1.5 [1.1, 1.8]

 Occupational Therapist 43 (10.5%) 63 (10.9%) 0.84 -

 Psychologist 164 (40.0%) 184 (31.8%) < 0.01 1.4 [1.1, 1.8]

 Massage Therapist 288 (70.2%) 383 (66.1%) 0.17 -

 Acupuncturist 182 (44.4%) 269 (46.5%) 0.52 -

 Naturopath 203 (49.5%) 273 (47.2%) 0.46 -

 Dietician 82 (20.0%) 84 (14.5%) 0.02 1.5 [1.0, 2.1]

 Nutritionist 66 (16.1%) 63 (10.9%) 0.02 1.6 [1.1, 2.3]

Receive referrals to other health professionals (‘yes’)
 Osteopath 259 (63.2%) 353 (61.0%) 0.48 2.0 [1.4, 2.9]

 General Practitioner 378 (92.2%) 505 (87.2%) 0.01 1.7 [1.1, 2.7]

 Specialist Medical Practitioner 128 (31.2%) 108 (18.7%) < 0.01 2.0 [1.5, 2.6]

 Podiatrist 220 (53.7%) 249 (43.0%) < 0.01 1.5 [1.2, 2.0]

 Physiotherapist 120 (29.3%) 146 (25.2%) 0.16 -

 Exercise Physiologist 122 (29.8%) 135 (23.3%) 0.02 1.4 [1.0, 1.8]

 Occupational Therapist 29 (7.1%) 32 (5.5%) 0.32 -

 Psychologist 70 (17.1%) 83 (14.3%) 0.24 -

 Massage Therapist 326 (79.5%) 426 (73.6%) 0.03 1.4 [1.0, 1.9]
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‘Often’ (n = 410) ‘Not 
often’ (n = 579) p-value OR [95% CI]

 Acupuncturist 153 (37.3 %) 215 (37.1%) 0.95 1.5 [1.1, 2.1]

 Naturopath 183 (44.6%) 216 (37.3%) 0.02 1.3 [1.0, 1.7]

 Dietician 22 (5.4%) 17 (2.9%) 0.05 -

 Nutritionist 28 (6.8%) 27 (4.7%) 0.14 -

Diagnostic imaging
 Referral for imaging (‘often’) 49 (12.0%) 24 (4.1%) < 0.01 3.1 [1.9, 5.2]

 Investigation of unknown pathologies 315 (76.8%) 427 (73.7%) 0.27 -

 Investigation of suspected diagnosis 351 (85.6%) 481 (83.1%) 0.28 -

 Investigation of potential fractures 318 (77.6%) 429 (74.1%) 0.21 -

 Rule out risk factors prior to treatment 130 (31.7%) 142 (24.5%) 0.01 1.4 [1.1, 1.9]

 General screening of the spine 15 (3.7%) 17 (2.9%) 0.53 -

Patient assessment (‘yes’)
 Orthopaedic testing 403 (98.3%) 562 (97.1%) 0.22 -

 Clinical assessment algorithm 209 (51.0%) 258 (44.6%) 0.04 1.3 [1.0, 1.7]

 Neurological testing 378 (92.2%) 537 (92.7%) 0.74 -

 Screening questionnaire 271 (66.1%) 359 (62.0%) 0.19 -

 Cranial nerve testing 295 (72.0%) 375 (64.8%) 0.02 1.4 [1.1, 1.8]

Table III. Clinical management characteristics of Australian osteopaths who often treat patients with tendinopathies.

‘Often’ 
(n = 410)

‘Not often’  
(n = 579) p-value OR [95% CI]

Discuss with patients (‘often’)
 Diet 179 (43.7%) 195 (33.7%) < 0.01 1.5 [1.2, 2.0]

 Smoking and drug use 96 (23.5%) 82 (14.2%) < 0.01 1.9 [1.3, 2.6]

 Physical activity 380 (92.7%) 504 (87.0%) < 0.01 1.9 [1.3, 2.9]

 Occupation Health & Safety 232 (56.7%) 273 (47.2%) < 0.01 1.4 [1.1, 1.9]

 Pain counselling 90 (22.0%) 175 (30.2%) < 0.01 0.7 [0.5, 0.9]

 Stress 231 (56.5%) 257 (44.5%) < 0.01 1.6 [1.2, 2.1]

 Nutrition 122 (29.8%) 120 (22.5%) < 0.01 1.5 [1.1, 1.9]

 Medication 195 (47.7%) 196 (33.9%) < 0.01 1.8 [1.4, 2.1]

Patient presentations (‘often’)
 Neck pain 409 (99.8%) 560 (96.7%) < 0.01 13.9 [1.8, 104.8]

 Thoracic pain 397 (96.8%) 511 (88.3%) < 0.01 4.1 [2.2, 7.5]

 Low back pain 410 (100%) 565 (97.8%) < 0.01 1.7 [1.6, 1.8]

 Hip musculoskeletal pain 368 (89.8%) 374 (64.7%) < 0.01 4.8 [3.3, 6.9]

 Knee musculoskeletal pain 288 (70.4%) 202 (34.9%) < 0.01 4.4 [3.4, 5.2]

 Ankle musculoskeletal pain 217 (53.0%) 115 (19.9%) < 0.01 4.5 [3.4, 6.0]

 Foot musculoskeletal pain 191 (4.6.%) 102 (17.6%) < 0.01 4.1 [3.0, 5.4]

 Shoulder musculoskeletal pain 389 (94.9%) 411 (71.1%) < 0.01 7.5 [4.7, 12.1]

 Elbow musculoskeletal pain 182 (44.6%) 68 (11.8%) < 0.01 6.1 [4.4, 8.3]

 Wrist musculoskeletal pain 136 (33.3%) 51 (8.8%) < 0.01 5.2 [3.6, 7.3]
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‘Often’ 
(n = 410)

‘Not often’  
(n = 579) p-value OR [95% CI]

 Hand musculoskeletal pain 94 (23.0%) 27 (4.7%) < 0.01 6.1 [3.8, 9.5]

 Postural disorders 337 (82.4%) 337 (58.2%) < 0.01 3.3 [2.5, 4.5]

 Degenerative spine conditions 315 (77.0%) 283 (48.9%) < 0.01 3.5 [2.6, 4.7]

 Headache disorders 387 (94.4%) 504 (87.0%) < 0.01 2.5 [1.5, 4.1]

 Migraine disorders 231 (56.6%) 169 (29.1%) < 0.01 3.1 [2.4, 4.1]

 Spine health maintenance 233 (57.0%) 225 (38.9%) < 0.01 2.1 [1.6, 2.7]

 Chronic or persistent pain 341 (83.2%) 288 (49.8%) < 0.01 5.0 [3.6, 6.8]

 Temporomandibular joint disorders 121 (29.6%) 62 (10.7%) < 0.01 3.5 [2.5, 4.9]

 Non-musculoskeletal disorders 61 (15.1%) 64 (11.1%) 0.07 -

Patient subgroups (treat ‘often’)
 Up to 3 years of age 62 (15.2%) 94 (16.3%) 0.64 -

 4 to 18 years of age 142 (34.6%) 128 (22.1%) < 0.01 1.9 [1.4, 2.5]

 Over 65 years of age 298 (72.7%) 272 (47.1%) < 0.01 3.0 [2.3, 3.9]

 Aboriginal & Torres Strait  
 Islander peoples

3 (0.7%) 4 (0.7%) 0.94 -

 Pregnancy 187 (45.6%) 157 (27.2%) < 0.01 2.2 [1.7, 2.9]

 Non-English speaking 17 (4.1%) 16 (2.8%) 0.24 -

 Sport injuries 295 (72.0%) 203 (35.2%) < 0.01 4.7 [3.6, 6.2]

 Worker injury (compensable) 61 (14.9%) 41 (7.1%) < 0.01 2.3 [1.5, 3.5]

 Work injury (non-compensable) 197 (48.0%) 142 (24.6%) < 0.01 2.8 [2.1, 3.7]

 Traffic injury (compensable) 35 (8.6%) 18 (3.1%) < 0.01 2.9 [1.6, 5.2]

 Traffic injury (non-compensable) 81 (19.9%) 32 (5.6%) < 0.01 4.2 [2.7, 6.5]

 Post-surgery 54 (13.2%) 24 (4.2%) < 0.01 3.5 [2.2, 5.7]

Manual therapy (use ‘often’)
 Counterstrain 201 (49.1%) 217 (37.5%) < 0.01 1.6 [1.2, 2.1]

 Muscle energy technique 338 (82.6%) 447 (77.2%) 0.04 1.4 [1.0, 1.9]

 High-velocity, low-amplitude  
 manipulation

288 (70.4%) 342 (59.1%) < 0.01 1.7 [1.3, 2.2]

 Joint manipulation 209 (51.2%) 184 (31.8%) < 0.01 2.2 [1.7, 2.9]

 Soft tissue technique 368 (90.0%) 477 (82.5%) < 0.01 1.9 [1.3, 2.8]

 Myofascial release 282 (68.9%) 327 (56.6%) < 0.01 1.7 [1.3, 2.2]

 Visceral techniques 43 (10.5%) 55 (9.5%) 0.60 -

 Lymphatic pump 43 (10.5%) 41 (7.1%) 0.06 -

 Autonomic balancing 73 (17.9%) 84 (14.5%) 0.15 -

 Biodynamics 60 (14.7%) 95 (16.4%) 0.46 -

 Functional technique 125 (30.6%) 144 (24.9%) 0.04 1.3 [1.0, 1.7]

 Balanced ligamentous tension 139 (34.0%) 209 (36.1%) 0.50 -

 Chapman’s reflexes 17 (4.2%) 7 (1.2%) < 0.01 3.6 [1.4, 8.6]

 Trigger point therapy 126 (30.8%) 132 (22.8%) < 0.01 1.5 [1.1, 2.0]

 Osteopathy in the Cranial Field 88 (21.6%) 145 (25.0%) 0.20 -

 Facilitated positional release 83 (20.3%) 83 (14.4%) 0.01 1.5 [1.1, 2.2]

 Dry needling 121 (29.6%) 113 (19.6%) < 0.01 1.7 [1.3, 2.3]
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‘Often’ 
(n = 410)

‘Not often’  
(n = 579) p-value OR [95% CI]

 Exercise prescription 338 (82.8%) 393 (67.9%) < 0.01 2.3 [1.7, 3.2]

 Shockwave therapy 14 (3.4%) 4 (0.7%) < 0.01 5.1 [1.6, 15.6]

 Ultrasound 18 (4.4%) 9 (1.6%) < 0.01 2.9 [1.3, 6.5]

 TENS 14 (3.4%) 5 (0.9%) < 0.01 4.1 [1.4, 11.4]

 Instrument manipulation 1 (0.2%) 1 (0.2%) 0.81 -

 Instrument soft-tissue 9 (2.2%) 3 (0.5%) 0.02 4.3 [1.1, 16.1]

 Sport taping 74 (18.1%) 48 (8.3%) < 0.01 2.5 [1.6, 3.6]

Expanded practice scope (‘definitely’)
 Prescribing rights 123 (30.1%) 133 (23.0%) 0.01 1.4 [1.1, 1.9]

 Referral rights  
 to orthopaedic surgeon

306 (74.8%) 394 (68.0%) 0.02 1.4 [1.0, 1.8]

 Referral rights to paediatrician 231 (56.5%) 308 (53.2%) 0.31 -

 Referral rights to sports  
 medicine specialist

333 (81.6%) 454 (78.4%) 0.21 -

 Referral rights to rheumatologist 287 (70.2%) 339 (58.5%) < 0.01 1.6 [1.3, 2.2]

 Referral rights to other  
 medical specialist

1 (0.3%) 0 0.23 -

 Expanded diagnostic imaging rights 359 (87.8%) 461 (79.6%) < 0.01 1.8 [1.3, 2.6]

Research in practice (‘strongly agree’)
 Useful to help patients understand 
 the benefits of osteopathy

182 (44.4%) 261 (45.1%) 0.83 -

 Useful to help GPs and other
  conventional health professionals
 understand the role of osteopathy

280 (70.9%) 389 (70.2%) 0.82 -

 Useful to provide scientific
 evidence for what I do
 as an osteopath

213 (54.9%) 301 (54.9%) 0.99 -

 Irrelevant to the professional
 development of osteopathy
 in Australia.

232 (59.9%) 331 (60.5%) 0.86 -

 Impact of research on practice
 (‘high impact’)

410 (100%) 579 (100%) 0.18 -

Adjusted odd ratios for significant characteristics associated 
with often treating tendinopathies are described in table IV.  
Australian osteopaths who often treat patients with tend-
inopathies were more likely to treat patients with chronic 
patients and sports injuries, but less likely to be involved 
in research.

DISCUSSION
There is limited literature on how osteopaths manage tend-
inopathies (18), and none describing the practice and clin-
ical management characteristics associated with patients 
presenting with this complaint. Our work offers the first 

substantive description of how Australian osteopaths 
manage tendinopathies based on data from a large, nation-
ally representative sample of practitioners (16).  
The strongest association identified in the regression model 
for Australian osteopaths who often treat patients present-
ing with tendinopathies was with frequency of manage-
ment of those patients with chronic or persistent pain (ORa 
3.8). Whether this refers to chronic tendinopathies or more 
broadly, chronic musculoskeletal pain, is unclear. However, 
we posit that these osteopaths may be more likely to manage 
chronic tendinopathies when compared to their osteopathy 
counterparts who do not often treat this complaint. Previous 
work has shown chronic musculoskeletal pain is linked with 
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Table IV.  Adjusted odds ratios for significant characteristics of Australian osteopaths who often treat patients with 
tendinopathies. 

Adjusted 
Odds Ratio

95% Confidence 
Interval

p-value

Practitioner characteristics
Gender (female) 1.5 1.0-2.1 0.01

Involved in research (yes) 0.5 0.2-0.9 0.04

Conditions treated
Treat foot musculoskeletal complaints (often) 1.7 1.1-2.7 < 0.01

Treat shoulder musculoskeletal complaints (often) 2.8 1.6-4.9 < 0.01

Treat elbow musculoskeletal complaints (often) 2.1 1.4-3.3 < 0.01

Treat degenerative spine conditions (often) 1.8 1.2-2.5 < 0.01

Treat temporomandibular joint disorders (often) 1.7 1.1-2.7 0.02

Patient subgroups
Treat patients with chronic pain (often) 3.8 2.6-5.5 < 0.01

Treat patients with sports injuries (often) 2.5 1.8-2.4 < 0.01

Treat patients aged 65 years and older (often) 1.7 1.2-2.4 < 0.01

Treat compensable workers compensation patients (often) 1.7 1.2-3.5 < 0.01

Patient management
Use soft tissue techniques (often) 2.1 1.2-3.5 0.02

Use exercise prescription (often) 1.6 1.0-2.4 0.03

cognitive, psychological and social factors that are recom-
mended to be managed via a biopsychosocial (BPS) model 
of care (19).  Australian osteopaths who often treat tendi-
nopathies were approximately 50% more likely to refer to 
psychologists, specialists and exercise physiologists, suggest-
ing that osteopaths may manage tendinopathy patients using 
a BPS model. Further, Australian osteopaths who often treat 
tendinopathies are more likely to report receiving referrals 
from other healthcare professionals such as medical special-
ists, podiatrists and dieticians. This data suggests that 
Australian osteopaths may participate in multidisciplinary 
care of tendinopathies however such an assertion requires 
additional investigation.
Evidence-based approaches to tendinopathy recommend 
the use of exercise in its management, regardless of anatom-
ical location (20-23). Australian osteopaths who often 
treat tendinopathies were 60% more likely to use exercise 
prescription in patient care compared to those osteopaths 
who reported not often treating this condition. Whether 
prescribed exercises accord with current evidence requires 
further exploration however the result is encouraging from 
the standpoint of osteopaths utilising this in patient care. 
Taping was also more likely to be used by those Australian 
osteopaths who often manage tendinopathies. Again, the 
specifics of this taping cannot be gleaned from our work, 

nor the type of taping used (e.g. rigid sports taping, kinesi-
ology taping). However, given the equivocal nature of the 
literature with respect to taping for tendinopathies (23), the 
use and clinical reasoning for this intervention would be 
useful to explore. 
Australian osteopaths who often treat tendinopathies are 
more likely to report often managing conditions effect-
ing the extremities compared to those who do not often 
treat this complaint. In particular, those osteopaths who 
treat foot, shoulder and elbow musculoskeletal complaints 
were 50% more likely to report often treating tendinopa-
thies compared to colleagues who do not often treat this 
complaint. Tendinopathies affecting the Achilles (2-4) 
and shoulder (5) are common presentations in the broad-
er population and our results may be a reflection of these 
being a common presentation to Australian osteopaths. 
Further, our results also suggest that older patients are 
more likely to be treated often by osteopaths who often 
treat tendinopathies. The prevalence of tendinopathies in 
older patients, particularly those in the hip and shoulder, 
and sports injury populations has previously been report-
ed (24). These outcomes highlight the role that Australian 
osteopaths may play in the management of tendinopathies 
in sport injury and older adult populations, providing an 
interesting area for additional research.  
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The predominant treatment approach utilised in Austra-
lian osteopathy practice is manual therapy (16). Unadjust-
ed odds ratios suggest Australian osteopaths who often 
treat tendinopathies are more likely to use a range of manu-
al therapy interventions, including some not traditionally 
described in tendinopathy management (i.e., counterstrain, 
facilitated positional release). On this basis, we propose that 
osteopaths may utilise a range of management approach-
es for tendinopathies, potentially to modulate pain levels 
(25). Modulating pain may offer an avenue to explore exer-
cise rehabilitation and other active management strategies. 
This strategy has been described in a case report describ-
ing the osteopathy management of Achilles tendinopathy 
with successful outcomes (18). How the use of these other 
manual therapy techniques or combinations of techniques 
contributes to patient outcomes, and the clinical reasoning 
of osteopaths with respect to technique choice in tendinop-
athy care would require further research. 

Limitations
The cross-sectional and self-report nature of the design 
of the ORION questionnaire is a limitation when inter-
preting the results of the study. Cross-sectional self-report 
designs are potentially susceptible to social desirability 
bias and recall bias. How practitioners defined sometimes 
and often for example, when completing the question-
naire is open to interpretation and may skew the results. 
Data collection took place in mid-late 2016 and it is possi-
ble that the practice profile and characteristics have since 
changed. This may limit the generalisability of the work 
to contemporary osteopathy practice as the education 
providers have changed their curricula to include devel-
opment of skills and knowledge with respective to active 
approaches (i.e., load management in exercise prescrip-
tion) and pain education interventions.  The design of the 
survey also does not allow us to identify the prevalence 
of specific tendinopathies nor the treatment approaches 
for these. It may be that practitioners approach different 
regions in different ways and this clinical reasoning would 
be valuable to explore.

Future work
As described, there are opportunities to explore the multi-
disciplinary nature of tendinopathy management where 
an osteopath is involved in the care team. How individual 
osteopaths clinically reason their management of a patient 
with a tendinopathy also would be of value.  The role of 
adjunctive therapies such as dry needling and shockwave 
therapy as part of the approach osteopaths use for tend-

inopathy also requires additional research. Osteopaths 
who often treat tendinopathies also appear to be engag-
ing in both active (i.e., exercise prescription) and passive 
(i.e., manual therapy, SWT) interventions more frequent-
ly than colleagues who do not often treat this complaint. 
Again, whether these use of active and passive interven-
tions is related to tendinopathy care could be the basis for 
future research.  Additionally, future research should eval-
uate patient outcomes and cost-effectiveness of osteopathy 
care when managing tendinopathies. Broadly, the outcomes 
of the study suggest that the clinical management of tend-
inopathies by Australian osteopaths is focused on manual 
therapy combined with exercise, within a BPS approach to 
patient care. As highlighted, how this approach translates 
to care outcomes requires further evaluation in case-con-
trol and cohort designs.

CONCLUSIONS
Little is known about how tendinopathies are managed 
by osteopaths however this study begins to illuminate the 
approaches to patient management and practices of oste-
opaths who report often treating this musculoskeletal 
complaint. Tendinopathies are reported to be commonly 
managed by osteopaths in our study, with foot, elbow and 
shoulder musculoskeletal complaints, in addition to work-
ing with older and sport injury populations, being associat-
ed with those practitioners who often treat tendinopathies. 
These findings appear to be relatively consistent with our 
understanding of the epidemiology of tendinopathies with 
respect to gender, influence of sporting activity on the devel-
opment of tendinopathies, and the regions of the body most 
commonly affected by this musculoskeletal issue. This study 
contributes data to the wider discourse about the manage-
ment of tendinopathies in manual therapy practice and the 
role osteopaths may be able to play in the care of acute and 
chronic tendinopathies.  
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SUMMARY
Background. Vibration Therapy (VT) has been attributed to the reflex activation of 
alpha motor neurons resulting in improved neuromuscular performance (NP).
Objective. Changes in muscular performance after VT was evaluated based on MVC 
grip strength, grip endurance time at 50% MVC and EMG activities of forearm 
muscles, viz., flexor digitorum superficialis (FDS); flexor carpi ulnaris (FCU); extensor 
carpi radialis brevis (ECRB); and extensor carpi ulnaris (ECU) in supine posture. 
Methods. Eight VT protocols (based on the different combinations of vibration 
frequency (35 and 45 Hz), amplitude (3 g ± 0.5 g and 9 g ± 0.5 g) and exposure dura-
tion (30 and 60 seconds)) were given to the participants for 4 days. Participants were 
from two groups (56/group): persons with a sedentary lifestyle (SL) and a group of 
construction workers (CW). 
Results. VT protocols had a significant effect on MVC grip strength (p < 0.001), grip 
endurance time (p < 0.05), % normalized EMG rms (p < 0.05) and neuromuscular 
efficiency (NME) (p < 0.001) in all muscles for both groups. VT protocol E (45 Hz, 3 
± 0.5 g, 30 s) had more positive effects on MVC grip strength for CW and less positive 
for SL. However, VT protocol B (35 Hz, 3 ± 0.5 g, 60 s) had more positive effects on 
CW grip endurance time. In addition, the highest increase in NME was found in FDS 
muscle for VT protocol H (45 Hz, 9 ± 0.5 g, 60 s) (212.8%) in CW and 78.55% in SL.
Conclusions. VT protocols B, E, and H may be applied to workers involved in the 
construction industry. These interventions may improve NME, MVC grip strength, 
and grip endurance time. Findings may be used to form a clinical VT protocol for 
patients with weak muscle performances.

KEY WORDS
Vibration therapy; grip strength; endurance time; neuromuscular efficiency; elec-
tromyography.

Effects of Different Vibration Therapy Protocols  
on Neuromuscular Performance

A. Mohd Mukhtar, A. K. Abid, F. Mohd

Ergonomics Research Division, Department of Mechanical Engineering ZHCET, Faculty of Engineering & 
Technology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India

INTRODUCTION
Recent research suggests that mechanical vibrations of low 
amplitudes and frequencies provide a safe and effective way 
to improve the neuromuscular system (1) and cause neuro-
muscular adaptations over a short time period without 
much effort (2). In the literature, vibrational intervention is 
also called biomechanical stimulation, biomechanical oscil-
lation, vibration training, whole-body vibration, vibration 
therapy and focal vibration therapy (2-8). Initially, during 
a vibration intervention, a vibration device (actuator) was 
placed directly on the body part. Later, an oscillating plat-
form was created so that the whole body could be stimu-

lated by sinusoidal vibration. In addition, dynamic and/or 
static interventions are often performed on a vibrating plat-
form or using other vibrating devices (vibrating dumbbells, 
vibrating massagers, spring loaded vibrating plate) (1, 3, 4). 
A relatively new method of neuromuscular overload, vibra-
tion therapy (VT), has slowly emerged and gained popular-
ity in the health sector.
The effect of VT has been attributed to the reflex activa-
tion of alpha motor neurons by stimulating muscle spin-
dles causing muscle contraction called as tonic vibration 
reflex (TVR) (9). The subsequent increase in alpha motor 
neuron activity results in the high degree of muscle activa-
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tion, which is a sign of the improve NP (1, 3). Evidences 
for these neuromuscular adaptations has been established 
in several studies demonstrating an increase in electromyo-
graphic (EMG) activity after VT (3, 4, 10, 11). 
There are studies, which reported the significant effects 
of short-term VT training on muscle strength using differ-
ent VT frequencies: 25 Hz (12, 13); 26 Hz (2, 14); 30 Hz 
(15, 16); 35 Hz (17, 18); 40 Hz (10, 12, 13); and 45 Hz (12, 
13). However, no agreement was found on determining 
the optimal frequency in the recent publications (17, 19). 
The variability of the protocols showed the inconsistency 
in the published results of the studies (20). It is therefore 
important to do research, focusing on finding the optimal 
combination of these variables to achieve improved muscle 
performance. 
Some studies measured amplitude (g) by attaching an 
accelerometer to vibrating plates (3, 21), or on the body 
part exposed to vibration (22). Torvinen et al. (23) report-
ed an improvement in the muscle strength after a single 
4-minute bout of VT (f = 15-30 Hz, A = 3.5-14 g). Dele-
cluse et al. (3), reported an increase in the EMG rms for 
the gastrocnemius and rectus femoris muscles after giving 
VT (f = 35-40 Hz, A = 2.28-5.09 g). Tankisheva et al. 
(24) showed the increase in EMG activity in leg and hip 
muscles after VT (f = 30-50 Hz, A = 0.33-7.98 g). Howev-
er, Luo et al. (25), concluded that there was no optimal 
range of training, which may be recommended. 
The duration of exposure is also another important factor 
for VT affecting the muscle response. Increased muscle 
fatigue was reported with increased duration of expo-
sure (2, 26). However, the increased muscle fatigue was 

reported when exposure was prolonged over time, with a 
decrease in the EMG activity (27). Bazett-Jones et al. (28) 
recommended that a short duration of exposure may elicit 
increased potentiation of neurons (post-activation poten-
tiation (PAP)) and prolonged stimulus, which would lead 
to fatigue in muscles. Correspondingly, if the stimulus is 
not sufficient to produce a PAP, neuromuscular activation 
will not occur significantly (25, 29). Therefore, the stud-
ies that showed the positive effects of a short duration 
of exposure did not exceed 10 minutes of total exposure, 
divided in increments of 30 to 90 seconds (10, 20, 28).
However, no research has examined the effect of the 
combination of the frequency, amplitude, duration of 
exposure, and the days of training on the NP using the 
vibration plate to deliver VT. Therefore, the present 
study was designed to identify the effects of the various 
VT protocols on the MVC grip strength, grip endurance 
time and the performance of forearm muscles (in terms of 
EMG activities).

METHODS

Design of Experiment
The different combinations of the frequency level of vibra-
tion (35 and 45 Hz) (12, 13, 17, 18), amplitude (3 ± 0.5 g 
and 9 ± 0.5 g) (23, 24), and exposure duration (30 and 60 
seconds) (10, 20, 28) were classified into the different VT 
protocols (table I). There were eight different VT proto-
cols, which were given to the participants for 4 days. The 
training days (4 days) were chosen on the basis of the pilot 

Table I. Characteristics of VT parameters and the anthropometric measurements of the participants. 
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) SL Group (Mean ± SD) CW Group (Mean ± SD)

Age (years) Weight (kg) Height (cm) Age (years) Weight (kg) Height (cm)
A 35 3 ± 0.5 g 30 25.6 ± 5.7 64.4 ± 15.5 175.4 ± 5.4 29.6 ± 11.9 61.9 ± 7.9 164.3 ± 4.7

B 35 3 ± 0.5 g 60 26.7 ± 6.4 69.7 ± 15.7 169.1 ± 4.9 39.7 ± 14.1 55.3 ± 4.8 160.1 ± 3.7

C 35 9 ± 0.5 g 30 30.6 ± 1.9 73.1 ± 4.4 171.8 ± 4.3 31.4 ± 10.3 57.3 ± 3.1 161.1 ± 4.4

D 35 9 ± 0.5 g 60 27.4 ± 7.5 71.6 ± 18.6 174.4 ± 5.1 28.6 ± 7.1 56.6 ± 8.1 162.6 ± 4.8

E 45 3 ± 0.5 g 30 28.6 ± 2.9 71.7 ± 3.6 172.1 ± 5.1 21.9 ± 3.8 64.6 ± 1.7 169.6 ± 7.7

F 45 3 ± 0.5 g 60 34.6 ± 3.7 69.8 ± 5.1 172.6 ± 6.8 23.4 ± 2.2 56.7± 5.4 160.9 ± 6.2

G 45 9 ± 0.5 g 30 24.1 ± 3.9 64.3 ± 10.9 167.3 ± 5.3 24.3 ± 6.2 56.7 ± 4.1 162.2 ± 2.5

H 45 9 ± 0.5 g 60 30.8 ± 4.8 75.1 ± 5.1 177.9 ± 1.7 30.1 ± 5.3 73.3 ± 7.8 163.4 ± 2.6
In each VT protocol, 7 persons were recruited for the muscle training program.



163Muscles, Ligaments and Tendons Journal 2021;11 (1)

A. Mohd MukhtAr, A. k. Abid, F. Mohd

run, which showed that most of the improvements were 
observed on day 4 of the VT. The changes due to the inter-
vention of VT were evaluated by measuring the MVC grip 
strength, the grip endurance time at 50% MVC (before and 
after VT interventions) and the EMG activities of forearm 
muscles, viz., flexor digitorum superficialis (FDS); flexor 
carpi ulnaris (FCU); extensor carpi radialis brevis (ECRB); 
and extensor carpi ulnaris (ECU) in supine posture. 

Participants
The participants were chosen from two sources into two 
groups of fifty-six persons each: a group of persons having 
sedentary lifestyle (SL), and another group of construction 
workers (CW). Only those were chosen who did not report 
any history of dysfunction of the hand, wrist or forearm, 
or any other neuromuscular problem such as musculoskel-
etal disorders, muscular dystrophy, and spinal muscular 
atrophy. The sedentary lifestyle participants (staff/univer-
sity students) were called from the campus by notices. 
The group of construction workers were recruited from a 

construction site and were paid in cash. The experimen-
tal protocol was explained to each participant prior to the 
experiment. All participants gave their written consent and 
were allowed to terminate the experiment at any stage. The 
protocol of the experiment was approved by the ethics 
committee of the Department (ref. no. EC/60/2017). The 
basic anthropometric measurements of the participants are 
presented in table I.

Experimental Rig 
A spring-loaded vibrating plate was designed to support the 
forearm in supine posture (figure 1) for the vibration expo-
sure. The vibrator (model: Max JS113, brand: M/s Manipol 
Massager Medicare Products Inc. India) was attached in the 
center underneath the vibrating plate consisting of a small 
DC motor with an eccentric head. That was encased in a 
metal housing and whose frequency was between 15-65Hz. 
The eccentric mass of different diameters has also been 
designed and made to provide the desired combinations of 
frequency and amplitude.

Figure 1. Experimental setup for recording the dependent variables.
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Protocol and procedure for the experiment
To give VT, participants were asked to sit on a height-adjust-
able chair with the supine forearm posture supported hori-
zontally on the wooden platform with an adjustable wrist 
support (figure 1) for MVC recording and on a vibrating 
plate during VT (figure 2). The height of the chair was adjust-
ed so that the participant’s right arm was in the coronal plane 
with a 0° abduction ensuring an elbow angle of 90°-120°. 
The following steps were followed to give VT and for the 
measurements: 
1. Identifying the muscles for placement of EMG sensors. 
2. Attaching the EMG sensors to the selected muscles 

and asking the participants to squeeze the grip meter 
(twice, with a 2-minute rest period to record the MVC), 
in supine posture before vibration exposure (BVE) with 
a fixed grip span along with the EMG recordings. 

3. After 5 minutes of rest measuring the grip endurance 
time at 50% MVC (taking reference as maximum value 
of both trials) along with the EMG recordings.

4. The detaching of the EMG sensors and the grip meter.
5. Applying four bouts of VT as per the VT protocols with 

a rest of 60 seconds after each bout (see table I). 
6. A rest period of 15 minutes. 
7. Repeat point No. 2. 
8. Repeat point No. 3.
9. The detaching of EMG sensors and the grip meter. 
10. Repeat point No. 1 to 9 for 4 days to give same VT 

protocol and on 5th day repeat point No. 2 to 4. 

MVC grip strength and grip endurance 
time recording
The participants were asked to squeeze the grip dynamom-
eter to maximum capacity (30, 31) until they feel intol-
erable discomfort and cannot maintain the effort at the 
desired level. The grip Jammer (Model: G100; Make: M/s 
Biometrics Ltd. UK) was directly interfaced with 8 channel 
participant unit Data LINK (DLK900: No. M11138 2009-
09) using cable H2000 (Make: Biometrics Ltd. UK) and 
connected with the laptop through USB1800 connecting 
lead. Then the endurance time was recorded at 50% MVC 
and simultaneously the EMG signals were obtained using 
Data LINK for subsequent analyzes.

Surface EMG recording and analyses
Active differential surface EMG electrodes (SX230, M/s 
Biometrics Ltd. UK) with center-to-center distance of 20 
mm were used to record the EMG signals at a sampling 
frequency of 1024 Hz. The pre-amplified EMG signal was 
transferred to the laptop via Data Link via a R7000 cable, 
then transferred to the base unit, and then via a connec-
tion USB1800 cable (Biometrics Ltd. UK) (32). The refer-
ence electrode was attached to the wrist of the non-dom-
inant hand. The electrodes were placed on flexor carpi 
ulnaris (FCU), flexor digitorum superficialis (FDS), exten-
sor carpi radialis brevis (ECRB), and extensor carpi ulnaris 
(ECU) muscles of the right forearm (33, 34). These muscles 

Figure 2. Forearm placed in supine posture on the spring loaded vibrating plate to deliver VT.
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were selected based on functional importance in gripping 
(34). Prior to placement of the electrodes, the skin and elec-
trodes were cleaned with a cotton swab soaked in alcohol 
(35). The EMG data was recorded and analyzed in line with 
the previous in-house study (32). Further, EMG-rms values 
were then normalized (nRMS) and presented as a percent-
age of maximum voluntary exertion (MVE) using maximum 
dynamic normalization (36).

Recording of vibration levels
To measure the vibration level, a tri-axial accelerometer 
(model: SEN041F, manufacturer: piezo-electronic PCB, New 
York, USA) was mounted in the center of the vibrating plate 
(figure 1). The vibration levels (g) were acquired via a data 
acquisition card (National Instrument, DAQ Card-9234), 
interfaced with a laptop using a LabVIEW12.0 code devel-
oped to acquire, record, and analyze the vibration signal.

Feature extraction
The EMG features listed in table II were used to evalu-
ate NP using EMG signals as were used earlier (37). A 
LABVIEW 12.0 vi was coded to extract the EMG features. 

Formula for Neuromuscular efficiency (ηNME)
Neuromuscular efficiency (ηNME) propose-d by Milner-
Brown et al. (38) was modified and a new approach was 
introduced in an in-house study (39) in which ‘endurance 
time’ was taken into account: as a ratio {(force * endurance 
time)/IEMG}. The effort was calculated according to the 
force exerted over the endurance time and effort of muscle 

was calculated according to the integration of EMG signal 
over endurance time. In addition, the modified formula for 
evaluating the NP in terms of the % increase in NME was 
introduced as below:

% increase 100

after after before before

after before
NME

before before

before

F Time F Time

IEMG IEMG

F Time

IEMG

× ×
−

η = ×
×

Where: ηNME- neuromuscular efficiency, Fafter- maximum 
force at 50% MVC after day 4 of exposure, Fbefore- maximum 
force at 50% MVC after day 1 of exposure Timeafter- endur-
ance time after day 4 of exposure, Timebefore- endurance time 
after day 1 of exposure, IEMGafter- IEMG value of EMG 
signal after day 4 of exposure, IEMGbefore- IEMG value of 
EMG signal after day 1 of exposure.

RESULTS
MANOVA were performed using IBM SPSS version 20.0 
(table III) on the data to see the effects of VT protocols 
and days of exposure on MVC grip strength, grip endurance 
time, neuromuscular efficiency, and EMG features consid-
ering as dependent variables.  

MVC grip strength and grip endurance time
The days of exposure and VT protocols had a significant 
effect on the MVC grip strength and grip endurance time (p 
< 0.001) in both groups (table III). In the post-MANOVA 
tests, the most of the improvements were observed on days 

Table II. Representation of EMG features. 

S. No EMG Features Formula Explanation

1. Integrated EMG (IEMG).  
Used as identifying index in EMG non-pattern 
recognition.

2. Root mean square (RMS).
Most common feature used during analysis of the 
EMG signal.

3. Total Power (TP). Also called as zero spectral moment (SM0) and energy.

4.
Slope based on regression line of 
median frequency (SMDF).

Y = mx + c
m is the slope of the line.

Used as an index to measure fatigue in muscles fibers.

xi denotes the surface EMG signal in a segment i and N represents length of the sEMG signal, fj is frequency of the spectrum at frequency bin j, Pj is the 
EMG power spectrum at frequency bin j, and M is length of the frequency bin.

1

N

i
i

x
=
∑

2

1

1 N

i
i

x
N =
∑

1

M

j
j

P
=
∑



166 Muscles, Ligaments and Tendons Journal 2021;11 (1)

Effects of Different Vibration Therapy Protocols on Neuromuscular Performance

4 and 5 using Student-Newman-Keuls (SNK) test in both 
groups. In addition, SNK tests showed that VT protocol C 
in SL and VT protocol E in CW were highly significant for 
grip strength and VT protocol B in SL and VT protocol D 
in CW were significantly different for endurance.
Figures 3 and 4 showed that there was an increase in MVC 
grip strength and the grip endurance time for both groups 
on day 4 after VT and on day 5 BVE compared to BVE on 
day 1. In addition, the maximum increase in the MVC grip 
strength was found for VT protocol C (79.757 kgf) in SL 
and VT protocol E (81.871 kgf) in CW and the maximum 
increase in grip endurance time was found for VT proto-
col H (85.916 seconds) in SL and VT protocol B (90.269 
seconds) in CW after day 4 of VT.

Neuromuscular Efficiency (NME)
The days of exposure and VT protocols had a significant-
ly effect on the NME of all muscles (p < 0.001) (table III) 
in both groups. In the post-MANOVA tests, the most of 
the improvements were observed on days 4 and 5 (SNK) in 
both groups. In addition, SNK tests showed that VT proto-

cols B, E and F for FDS, VT protocols B, D, F and G for 
FCU, VT protocols C and D for ECRB and VT protocol D 
for ECU were significantly different in SL for NME. Also, 
VT protocols G and H for FDS, VT protocol B for FCU 
and ECRB and VT protocol G for ECU were significantly 
different in CW for NME. 
Figures 5 and 6 showed an increase in NME for both 
groups on day 4 after VT and on day 5 BVE compared to 
day 1 BVE in all muscles. In addition, the highest increase 
was found in FDS for VT protocol E (85.77%) in SL 
and VT protocol H (212.8%) in CW. Additionally, larg-
est %increase in NME was in ECRB for VT protocol H 
(184.19%) in SL and FDS for VT protocol G (195.69%) in 
CW compared to fourth day after VT with BVE on day 1.

Features of the EMG signals
The days of exposure and VT protocols had a significant 
effect on the %normalized EMG rms of all muscles (p 
< 0.05) (table III) in both groups. In the post-MANO-
VA tests, the most of the improvements were observed 
on day 4 (SNK) in both groups. In addition, SNK tests 

Figure 3. The maximal voluntary contraction values for both groups with respect to VT protocols.
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Figure 4. The endurance time values for both groups with respect to VT protocols.

showed that VT protocol F for FDS, VT protocol A for 
FCU and VT protocol C for ECRB and ECU in SL; and 
VT protocol H for FDS and VT protocol C for FCU, 
ECRB and ECU in CW were significantly different for 
the %normalized EMG rms. The significant differences 
were found in the interaction effect of VT protocols and 
days of exposure for %normalized EMG rms in FDS (p = 
0.012) and FCU (p = 0.004) in SL and ECRB (p = 0.003) 
in CW group.
Figures 7 and 8 showed an increasing pattern in % normal-
ized EMG rms in both groups on day 4 after VT and on 
day 5 BVE compared to day 1 BVE in all the muscles. In 
addition, the highest increase in % normalized EMG rms 
was reported for FDS (40.99%) for VT protocol F and 
36.14% for VT protocol H in SL and CW group respec-
tively after day 4 of VT.
The days of exposure had a significant effect on the SMDF 
in FCU, ECRB and ECU (p < 0.001) (table III) in CW 
group only. In addition, VT protocols had a significant 
effect on the SMDF in all muscles (p < 0.05) in both group 
(except in FDS  for the CW group). The significant differ-
ences were found in the interaction effect of VT protocols 

and days of exposure for SMDF in FDS and FCU (p < 
0.001) in SL and FCU (p = 0.036) and ECU (p = 0.028) in 
CW. Additionally, SNK tests showed that VT protocol D 
for FDS and ECU, VT protocol E for FCU and VT proto-
col H for ECRB in SL, and VT protocol H for FCU, VT 
protocol D for ECRB and VT protocol E for ECU in CW 
were significantly different for SMDF. 
Figures 9 and 10 showed an increase in SMDF pattern 
for all VT protocols in most of the muscles after VT on 
day 4 compared to day 1 BVE in both groups. In addi-
tion, the highest slope was found in ECRB for most of the 
VT protocols. Interestingly, there was a decline in SMDF 
pattern in most of the muscles after 5 days of exposure in 
all VT protocols compared to day 1 BVE in both groups. 
In addition, VT protocols had a significant effect on the 
integrated EMG (IEMG) activity in all muscles (p < 0.001) 
in both groups (except in ECRB for SL) (table III). In addi-
tion, VT protocol C for FDS, FCU, and ECU in SL and VT 
protocol D for FDS and ECU, VT protocol E for FCU and 
VT protocol G for ECRB in CW were significantly differ-
ent (SNK) for IEMG. Additionally, there was an increasing 
pattern in IEMG values in both groups after day 4 of VT 
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Figure 5. The NME values for the SL group in all muscles with respect to VT protocols.

and on day 5 BVE in most of the muscles and VT protocols 
compared to day 1 BVE.
The days of exposure and VT protocols had a significant 
effect on total power (TP) of all muscles (p < 0.001) (table 
III) in both groups. In the post-MANOVA tests, the most 
of the improvements were observed on days 4 and 5 (SNK) 
for TP. In addition, VT protocol H for FDS and ECU, VT 
protocol C for FCU, and VT protocol A for ECRB in SL 
and VT protocol E for FDS, VT protocol D for FCU and 
ECU and VT protocol F for ECRB in CW were significant-
ly different (SNK) for TP. The significant differences were 
found in the interaction effect of VT protocols and days of 
exposure for TP in ECRB and ECU (p < 0.001) in SL only. 
In addition, FCU exhibited the greatest increase in TP for 
VT protocol C in SL and in ECRB in all VT protocols in 
CW after day 4 of VT. The TP value also increased in most 

of the muscles and VT protocols on day 5 BVE compared 
to day 1 BVE in both groups.

DISCUSSION

MVC grip strength and grip endurance time
In line with present results, several studies have reported 
an increase in the grip strength using different frequen-
cies of VT (12, 13, 17, 18, 23). However, Baudry et al. 
(40) reported a decrease in the grip strength of older 
participants compared to younger participants; the simi-
lar trend was also found in the present study. The MVC 
grip strength was highest for VT protocol E in CW with 
younger age group (21.9 ± 3.8 years). In addition, the 
grip endurance of the abdominal and upper body muscles 
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Figure 6. The NME values for the CW group in all muscles with respect to VT protocols.

improved after VT in sedentary individuals (3, 41) as was 
also reported in the present study. However, Samuelson et 
al. (42), reported a significant reduction in grip endurance 
after VT. In addition, Hunter et al. (43) found higher grip 
endurance for older participants than for younger partic-
ipants. In the present results, it was also found that older 
participants (CW group) (39.7 ± 14.1 years) had a longer 
endurance (VT protocol B) than the younger age group 
(VT protocol E).

Neuromuscular Efficiency
Milner-Brown et al. (38) used the term neuromuscular effi-
ciency (NME) to quantify the changes in NP over time 
based on the Force/IEMG ratio at 50% MVC. However, 
Milner-Brown et al. (38) showed a decrease in the NME 

of the flexor muscles (49 ± 15%). In addition, Alam et 
al. (39) found more than 50% increase in neuromuscular 
performance was after giving VT at 35 Hz. Neuromuscu-
lar adaptation following high-frequency, low-amplitude 
5-week VT training was investigated and revealed no signif-
icant improvement in NME through modulation of muscle 
spindle sensitivity (19). In another study (44), significant 
improvement in NME was reported; however, they report-
ed no significant difference in maximal strength and EMG 
amplitude before and after the intervention (p >0.3). The 
NME of the abdominal muscles differed with age, always 
higher in the elderly (45). Interestingly, in the present study 
also, age had a significant effect on NME. The elders in the 
group of construction workers for VT protocol H (212.8% 
in FDS) reported higher NME as compared to younger in 
the CW for VT protocol E. 
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Figure 7. The % normalized EMG rms values for the SL group in all muscles with respect to VT protocols.

It was also estimated that fatigue-related NME reduction 
indicated that more MUs were recruited to generate the 
same strength as non-fatigued muscle. In addition, changes 
in NME with fatigue and time of day are also attributable 
to changes in the neural drive (46, 47). Interestingly, in the 
present study based on regression line of median frequency 
there was more fatigue in extensor muscle (ECRB) for most 
VT protocols in both groups. Hagg and  Milerad (48) also 
reported that ECRB showed higher fatigue response than 
FDS and FCU. Therefore, the NME was significantly high-
er in the flexor muscle (FDS) than in the extensor muscle 
(ECRB and ECU) in both groups for all VT protocols. In 
contrary, Alam et al. (39) reported an increase in NME in 
the performance of ECRB muscle after 35 Hz of VT and 
ECU muscle after 23 Hz of VT. There is an evidence that 
continuous improvement in the NME is largely responsible 

for the additional strength gain. In the present study, MVC 
grip strength and NME were increased for all VT proto-
cols on days 1 to 4 after VT in both groups. Therefore, the 
main factor of this improvement was that VT can improve 
the evoked motor potentials (49) as well as the EMG signal 
(50), signifying the excitability of the motor cortex associat-
ed with muscle adaptations (51) and the increased muscle 
performance, faster muscle activation and better coordi-
nation (52). In a study (53), it was shown that higher VT 
frequency and amplitude (f = 50 Hz, A = 2.51 mm, a = 98.55 
m/s2) elicits more neuromuscular facilitation than a small 
VT frequency and amplitude (f = 30Hz, a = 1.15 mm, A = 
20.44 m/s2). Present study also suggested that the combi-
nations of a higher VT frequency (45 Hz), a higher ampli-
tude (9 g ± 0.5 g) and a longer exposure time (60 seconds) 
induced greater neuromuscular efficiency.
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Figure 8. The % normalized EMG rms values for the CW group in all muscles with respect to VT protocols.

Muscular performance change based  
on individual features 
The increase in EMG activity is probably attributed to the 
recruitment of fresh motor units, used to compensate the 
decline in performance (54). In line with current results, 
several studies have reported a significant increase in EMG 
activity after VT (10, 12, 55); however, several studies showed 
no significant effect (13, 51, 56). Hazell et al. (12) report-
ed significantly different effects of VT at 25 Hz and 30 Hz 
and at 40 to 45 Hz on the %normalized EMG activity in the 
vastus lateralis muscle. In another study, no significant differ-
ence in the %normalized EMG rms value between vibra-
tion and rest conditions was reported; however, the duration 
of exposure was not acknowledged (57). Present study also 
showed, days of exposure and VT protocols had a significant 
effect on the % normalized EMG rms of all muscles (p < 
0.05) immediately and after post-treatment in both groups. 

Mogk et al. (33) concluded that muscle activation was 
primarily dependent on forearm posture, with the stron-
gest activation of the supinated flexor muscles (0.5–6.4% 
MVE) and greater extensor muscle activation in pronation 
(3.5–8.8% MVE) . In present study, highest %normalized 
EMG rms was reported for FDS (40.99% of MVE) after 
VT protocol F in SL and 36.14% of MVE for VT proto-
col H in CW after VT on day 4. On the contrary, Loren et 
al. (58) reported that the muscle acivity of the ECRB was 
greater than that of ECU in the supine posture and Bano 
et al. (59) reported that ECU was the most active muscle 
for all supine experimental conditions. Therefore, it may be 
suggested that the activation of the flexor muscle was great-
er than that of the activation of the extensor muscle and 
the combination of a higher frequency with a low amplitude 
induced a greater activation of muscle EMG activity with a 
longer duration of exposure. 
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Figure 9. The slope based on linear regression line on median frequency values for the SL group in all muscles with respect to 
VT protocols.

The present results showed the significantly increased 
IEMG value in most of the muscles after VT interventions 
in both groups; these were in line with previous studies (55, 
60).  In addition, there was significant increase in MVC grip 
strength after VT. Therefore, it can be suggested that the 
progressive enhancement in EMG activity (IEMG) during 
sustained contractions was possibly due to the increased 
recruitment of MUs as evident in a study (61). 
The results showed an increase in TP profile after VT on 
days 1 to 4 in all muscles in both groups. Consistent with 
current findings, a significant increase in TP was reported 
after VT (51, 62, 63), while some researchers have found 
little or no effect of VT on upper body power (56, 64). 
However, it has been suggested that a smaller vibration 
amplitude is needed to activate and optimize the sensitivity 
of the muscle (64). In contrast, present study showed FCU 
had greatest increase in TP for VT protocol C in SL with 

low frequency (35 Hz), higher amplitude (9 g ± 0.5 g) and 
short exposure duration (30 seconds) after the VT.
In addition, the difference in the results could be attribut-
ed to the use of different vibrating devices, frequencies, 
duration of exposure, different muscles and difference in 
the individual response to vibratory stimuli. In addition, 
current results indicate that prolonged exposure in the 
same postures during VT protocol may limit muscle relax-
ation and contribute to fatigue, mainly in the extensor 
muscles. In addition, the level of muscular effort depends 
on the grip strength of the individual, which may predis-
pose some to an increased risk of injury to the forearm.

CONCLUSIONS
After discussion on the results, the following points may be 
concluded: 
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1. Days of exposure and VT protocols had a significant 
effect on the MVC grip strength and grip endurance 
time in both groups.

2. The % normalized EMG rms value increased in most 
of the muscles and flexor muscle activation was greater 
than that of extensor muscle activation in both groups.

3. Based on regression line of MDF of EMG signal highest 
fatigue was reported in ECRB muscle in both groups.

4. NME and TP increased significantly in all muscles 
with respect to days of exposure and VT protocols in 
both groups. 

A sample guideline for the therapist
The results may be used to prepare guidelines for VT  
in rehabilitation, healthcare, sports, medical for thera-
pists (65). As a sample, it can be suggested that if VT was 

Figure 10. The slope based on linear regression line on median frequency values for the CW group in all muscles with respect 
to VT protocols.for the CW group in all muscles with respect to VT protocols.

administered at low frequency (35 Hz), small amplitude 
(3 g ± 0.5 g) and longer exposure duration (4 bouts of 
60 seconds) increased grip strength is achieved. At high-
er VT frequency (45 Hz), low amplitude (3 g ± 0.5 g), 
and short exposure time (4 bouts of 30 seconds) increased 
endurance time may be obtained. Aditionally, higher VT 
frequency (45 Hz), higher amplitude (9 g ± 0.5 g) and 
longer exposure time (4 bouts of 60 seconds) induce 
greater neuromuscular efficiency. 

Limitations and Future Scope
One of the most important limitation of the study may 
be sample size. A larger sample size of the participants 
in both groups could give a better and stronger support 
to the findings of the study. The ‘lasting effects’ of VT on 
neuromuscular performance are still questionable. There-
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fore, future studies with a longer training/observation 
days are needed to provide further understanding of the 
effects of VT. Further, the reported low level of discomfort 
was overlooked, which may have inhibited improvement 
in muscle performance. Another important consideration 
for future research possibly be to standardize vibration 
therapy techniques. Future studies are still recommended 
to suggest more precise identification of different forms of 
vibration therapies (whole-body and local vibration) for 
different population groups.
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SUMMARY
Objective. The aim of the study was to analyze joint position sense (JPS), and muscle 
strength & endurance in patients with Thoracic Outlet Syndrome (TOS).
Methods. Eight patients with unilateral TOS and eight healthy controls participated. 
Pain, symptom duration, JPS, and strength&endurance were evaluated.
Results. There was a difference in Absolute Error (AE) of the abduction at 70° (p = 
0.02). There were differences in AE at 40° (p = 0.01) and 130° (p = 0.04) abduction 
between the affected side of patients and the dominant side of the healthy group. 
Additionally, the pain was related to poor Relative Error at 90° abduction and AE at 
130° flexion (p = 0.01). There was no difference in strength and endurance of flexion 
(p > 0.05) and abduction (p > 0.05) to compare the affected and unaffected side of the 
patients with TOS. There were differences strength of flexion (at 60°/sec; p = 0.05), 
strength of abduction (at 60°/sec; p = 0.01), and endurance of abduction (at 180°/sec; 
p = 0.05) to compare affected side of patients with TOS and healthy person. 
Conclusions. This study indicated that JPS was decreased at 40° & 70° & 130° 
abduction, strength in flexion and abduction was also decreased. Proprioceptive and 
strengthening exercises should be considered to implement in patients with TOS.
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INTRODUCTION
Thoracic outlet syndrome (TOS) is defined as the 
compression of brachial plexus and/or subclavian vessels 
at the level of a scalene triangle, costoclavicular space or 
retropectoral space (1). Etiological factors of the TOS 
are congenital, postural disturbances, and trauma which 
involving the neck and shoulder (2). Symptoms of TOS 
may include muscle weakness, paresthesia, discolouration, 
swelling, numbness, and pain in the neck or arm, and atro-
phy of the upper limb muscles (3, 4). However, pain is the 
most common symptom and abnormal posture is a prepar-
ative reason for being other symptoms in TOS (5).
Compression on brachial plexus and/or vessels may cause 
muscle spasm that produce compressive stress on neck 
and shoulder regions. Cervical compressive stress may 
inhibit the proprioceptive muscular feedback system (6). 

Additionally, prolonged exposure to stress can impair 
proprioception-related muscle function (7), which can 
further damage muscle spindles (8). Although neck and 
arm pain have been accepted as the major symptoms in 
patients with TOS, there is no study to investigate the 
limb proprioception level and relationship between pain 
and joint position sense in patients with TOS. Decreased 
active joint position sense (AJPS) acuity for patients with 
unspecified  shoulder pain (9) and neck pain (10) was 
shown in the literature. 
The aims of this study were to analyse shoulder proprio-
ception level in patients with TOS and to investigate the 
relationship between pain, joint position sense, and muscle 
strength & endurance, and to compare with healthy peers. 
We hypothesized that JPS at painful shoulder decreases in 
patients with TOS.



179Muscles, Ligaments and Tendons Journal 2021;11 (1)

C. SayaCa, F. Eyuboglu, M. Çalık, et al.

MATERIALS AND METHODS 
The participants were informed of the scope and proce-
dures of the study. The present study protocol was reviewed 
and approved by the Institutional Review Board (Decision 
Number: 61351342/2019-54). All metod complies with 
ethical standards of Muscle, Ligaments and Tendons Jour-
nal as previously described (11).
This prospective case-control study had each subject serve as 
their own internal control, using the uninvolved side of the 
patients and the dominant side of the healthy controls for 
comparison. Eight women patients with TOS and eight sex-age 
matched healthy controls participated in the present study. 
The inclusion criteria were: 1) had been diagnosed with 
neurogenic TOS; 2) the unilateral symptoms; 3) patients 
who were women; 4) ages between 18 to 35. Patients with 
endocrine diseases (such as peripheral neuropathy caused 
by diabetes) and vascular disease (peripheral artery), and/
or a recent history of trauma/surgery (upper extremity and 
neck) were excluded from the study.
The subject who had a full range of motion of the upper 
extremities without pain were included as healthy control. 
Participants who were smokers, had diabetes mellitus, with 
previous rotator cuff, upper limb, neck surgery, and thorax 
were excluded from the present study. 
Before starting tests, all subjects participated in 5 minutes 
general body warm-up using a treadmill. General body 
warm-up was started at 3.5 mph or 4.0 mph and speed was 
increased 1.0 or 1.5 mph every 30 seconds until the player has 
reached his desired speed. After the general body warm-up, 
the specific warm-up for extremity muscles was started. The 
specific warm-up consisted of 5 minutes of submaximal exer-
cise for upper extremity on a Biodex System Pro3 (Biodex 
Corp., Shirley, NY, USA) at 120°/sec. A 20-second rest inter-
val was given between warm-up and testing. Participants 
were familiarized with the tests in a practice session before 
proper data collection. The monitor was placed in such a way 
as to provide visual feedback to the participants. Standard-
ized verbal instructions and encouragement were given. 
Evaluations were made in the following order: joint position 
sense assessment, pain assessment, and strength & endur-
ance assessment. 

Pain Assessment
Pain intensity was assessed using a 10 cm visual analogue 
scale (VAS) during rest.

Muscle Strength Assessment
The isokinetic concentric muscle peak torque of the shoul-
der muscles was determined bilaterally at 60°/s and 180°/s 

by a Biodex System Pro3 isokinetic dynamometer. The range 
of motion was determined individually by each subject. 
Muscle peak torque was evaluated at 0 to 180° flexion for 
the shoulder. Three maximal repetitions at 60°/s and 180°/s 
were performed with 5 minutes rest between the tests.
The isokinetic test was performed in flexion/extension and 
abduction/adduction of the affected shoulder in compari-
son with the contralateral side, and the dominant side of the 
healthy with concentric contractions in all movements. The 
parameter tested was muscle peak torque as Newton-me-
ters. All participant performed 5 repetitions in flexion/
extension and abduction/adduction directions at 60°/s for 
strength, and 15 repetitions in flexion/extension and abduc-
tion/adduction directions at 180°/s for endurance. Shoul-
der of the patients with TOS was evaluated bilaterally. The 
dominant arm of the healthy person was determined, which 
was defined as the arm used for writing. 
The participant was seated in a comfortable position with the 
seatback at an angle of 70° relative to the seat. The mechan-
ical axis of the dynamometer was aligned with the axis of 
movement of the shoulder. Maximal abduction/ adduction 
and flexion/extension of the shoulder was taken at a rate 
of 60°/s and 180°/s from 0° to 180° with the elbow in full 
extension, according to standardized protocol (12), and as 
performed in user manual of the Biodex System Pro3 (13).

Joint Position Sense Assessment
Proprioceptive status was assessed by joint position sense 
(JPS) using an active angle reproduction (AAR) technique 
with eyes closed (14). The actual angle achieved by the 
subject and the difference from the target angle was record-
ed from the onscreen goniometer. When patients felt they 
had reached the target angle they pressed the stop button 
and the angle was recorded; they were not permitted to 
correct the angle. This process was repeated six times for 
each target angle. The midrange angles (40°, 70°, 90°, and 
130°) were selected to maximize sensory input from muscle 
proprioceptors.
For the JPS test of the shoulder flexion/extension, the shoul-
der was moved from 0° extension starting position passively 
to each of the target angle of 40°, 70°, 90°, and 130°. Each 
participant performed repetitions of both the shoulders in 
the movement patterns of the extension through flexion. 
The arm was held there for 10 s for the subject to memo-
rize the position and then returned to 0° extension. After 
a pause of 5 s, the arm was moved by active contraction at 
an angular velocity approximating 2°/s and stopped when 
the participant perceived the target angle had been reached.
For the JPS test of the shoulder abduction/adduction, 
the shoulder was moved from 0° adduction starting posi-
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tion passively to each of the target angles of 40°, 70°, 90°, 
and 130°. Each participant performed repetitions of both 
the shoulders in the movement patterns of the adduction 
through abduction. The same procedure, which was used 
for shoulder flexion/extension JPS, was repeated for the 
shoulder abduction/adduction JPS determination.
Absolute and relative errors were calculated (15). Absolute 
Error (AE) is defined as the absolute difference between 
the target angle and the perceived angle. The Relative Error 
(RE) represents the variability of the errors between trials 
and indicates the consistency of proprioceptive perfor-
mance. AR and RE were calculated for each of the 6 trials 
for the 4 target angles for each limb of each subject.

Statistical analysis
All data were analyzed with the Statistical Package for the 
Social Sciences (SPSS) version 14.0. Nonparametric tests 
were used because of the numeric data distribution non 
normal. Mann-Whitney U test was used to investigate differ-
ences of muscle peak torque and JPS between the patients 
and controls groups. Wilcoxon test was used to investigate 
differences of muscle peak torque and JPS between affect-
ed and non-affected sides of patients. The relationship 
between the pain, muscle peak torque, and joint position 
sense was evaluated using Spearman’s correlation coeffi-
cient using two-sided tests. A correlation coefficient range 
between 0.30 and 0.39 reflects the poor agreement, between 
0.40 and 0.59 reflect the moderate agreement, between 0.60 
and 0.69 reflect the good agreement, between 0.70 and 0.75 
reflect very good and those > 0.75 indicates high agreement. 
Statistical significance was set at p ≤ 0.05. 

Table I. Demographic information of the patients  
and healthy control.

Age (years)
Mean ± SD

Weight (kg)
Mean ± SD

Height (cm)
Mean ± SD

Patients (n = 8) 24.75 ± 6.69 57.56 ± 10.15 166.00 ± 7.71

Healthy (n = 8) 24.75 ± 6.69 58.13 ± 8.06 167.25 ± 6.96

SD: Standard Deviation.

Table II. Differences in the muscle peak torque of shoulder muscle between the affected side of patients with TOS and 
dominant side of the healthy person.

Muscle Peak Torque (Nm)
Affected Side of Patients 

(n = 8)
Dominant Side of Healthy 

(n = 8) Z p
Mean ± SD Mean ± SD

Flexion (60°/sec) 27.25 ± 8.19 34.62 ± 4.14 - 1.953 0.05

Flexion (180°/sec) 30.25 ± 11.02 35.25 ± 8.56 - 0.895 0.38

Extension (60°/sec) 43.37 ± 11.07 44.50 ± 5.26 - 0.421 0.72

Extension (180°/sec) 39.62 ± 11.58 44.62 ± 2.38 - 1.001 0.32

Abduction (60°/sec) 19.62 ± 6.19 31.25 ± 7.44 - 2.426 0.01

Abduction (180°/sec) 17.75 ± 13.32 30.00 ± 4.66 - 1.953 0.05

Adduction (60°/sec) 39.37 ± 10.64 42.12 ± 6.62 - 1.420 0.16

Adduction (180°/sec) 33.37 ± 12.91 37.12 ± 6.31 - 0.422 0.72

Mann-Whitney U; SD: Standard Deviation; Statistical significant difference with p = 0.05.

RESULTS
Demographic information (age, weight, height) of people 
who participated in the study and were shown in table I. 
The mean value of pain was 6.0 ± 1.51 cm and the mean 
duration of the symptoms were 12.25 ± 2.71 months.
Muscle peak torque values of shoulder muscle flexion in 
60°/sec, abduction in 60°/sec and abduction in 180°/sec 
were lower on the affected side of patients with TOS when 
compare with dominant side of healthy person (p = 0.05, p 
= 0.01, p = 0.05 respectively) (table II). Muscle peak torque 
values between affected and unaffected sides of the patients 
with TOS were similar (p > 0.05) (table III).
There was no difference in all RE values between affected 
and unaffected sides of the patients (p > 0.05) (table IV). 
There was a difference in AE of the shoulder abduction 
at 70° (p = 0.02) while were no differences in all flexion 
degrees and 40°, 90°, and 130° abduction between affect-
ed and unaffected sides of the patients (p > 0.05) (table V). 
RE values were similar between the affected side of patients 
with TOS and dominant side of the healthy group (p > 0.05) 
(table VI). There were differences in AE values at 40° (p = 
0.01) and 130° (p = 0.04) abduction while were no differ-
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Table III. Differences in the muscle peak torque of shoulder muscle between the affected side and nonaffected side of patients 
with TOS.

Muscle Peak Torque (Nm)
Affected Side of Patients

(n = 8)
Nonaffected Side of Patients

(n = 8) Z p
Mean ± SD Mean ± SD

Flexion (60°/sec) 27.25 ± 8.19 24.50 ± 6.52 - 0.813 0.41

Flexion (180°/sec) 30.25 ± 11.02 27.25 ± 13.64 - 0.524 0.60

Extension (60°/sec) 43.37 ± 11.07 43.75 ± 8.41 - 0.315 0.75

Extension (180°/sec) 39.62 ± 11.58 37.75 ± 11.18 - 1.153 0.25

Abduction (60°/sec) 19.62 ± 6.19 23.75 ± 11.03 - 1.476 0.14

Abduction (180°/sec) 17.75 ± 13.32 18.00 ± 14.76 - 0.943 0.34

Adduction (60°/sec) 39.37 ± 10.64 37.38 ± 3.46 0.000 1.00

Adduction (180°/sec) 33.37 ± 12.91 30.00 ± 8.67 - 1.219 0.22
Mann-Whitney U test; SD: Standard Deviation; Statistical significant difference with p = 0.05.

Table IV. Difference RE values in the shoulder joint position sense (JPS) between the affected side and non-affected side of 
patients with TOS. 

Target angles of JPS 
test (Degree)

Patients Affected Side 
(n = 8)

Patients Non- Affected Side 
(n = 8) Z p*

Mean ± SD Mean ± SD
40° Flexion 44.37 ± 4.83 46.25 ± 2.71 - 0.847 0.39

70° Flexion 74.62 ± 7.44 64.50 ± 16.17 - 1.120 0.26

90° Flexion 93.75 ± 6.56 84.25 ± 30.93 - 0.314 0.75

130° Flexion 135.00 ± 7.63 136.37 ± 5.60 - 0.524 0.60

40° Abduction 40.37 ± 6.86 43.37 ± 5.60 - 1.682 0.09

70° Abduction 71.12 ± 3.87 71.50 ± 5.70 - 0.422 0.67

90° Abduction 90.37 ± 4.77 93.00 ± 5.85 - 0.736 0.46

130° Abduction 131.62 ± 8.78 129.72 ± 8.32 - 0.420 0.67
Wilcoxon test; SD: Standard Deviation; Statistical significant difference with p = 0.05.

Table V. Difference AE values in the shoulder joint position sense (JPS) between the affected side and non-affected side of 
patients with TOS.

Target angles of JPS 
test (Degree)

AE of Patients Affected Side 
(n = 8)

AE of Patients Non- Affected Side 
(n = 8) Z p*

Mean ± SD Mean ± SD
40° Flexion 4.87 ± 4.25 6.25 ± 2.71 - 0.736 0.45

70° Flexion 6.12 ± 6.08 10.75 ± 12.81 - 0.841 0.40

90° Flexion 3.75 ± 6.56 5.75 ± 3.28 - 0.943 0.35

130° Flexion 6.87 ± 5.11 6.62 ± 5.26 - 0.281 0.78

40° Abduction 5.62 ± 3.33 5.12 ± 3.80 - 0.315 0.75

70° Abduction 2.87 ± 2.64 4.75 ± 3.05 - 2.226 0.02

90° Abduction 3.62 ± 2.82 5.50 ± 3.16 - 1.084 0.46

130° Abduction 6.72 ± 4.21 6.62 ± 4.21 0.000 1.00
*Wilcoxon test; SD: Standard Deviation; Statistical significant difference with p = 0.05.
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ences other values (p > 0.05) between the affected side of 
patients with TOS and dominant side of the healthy group 
(table VII).
When the effect of pain level on JPS was analysed, we found 
that as the pain increased RE of JPS deteriorated at 90° 
abduction and AE of JPS at 130° flexion (respectively, r: 
-0,876; p = 0.004 and r: - 0.805; p = 0.016) (table VIII). 

DISCUSSION
The findings of the present study showed that 1) there was 
decreased shoulder joint position sense at 40° & 70° & 
130° abduction; 2) there was decrease in shoulder muscles 
strength in flexion and abduction, in shoulder muscle 

endurance in abduction; 3) there was a relationship between 
higher pain intensity and decreased shoulder joint position 
sense at 90° abduction in patients with TOS. 
In the present study, the decreased abduction and flexion 
muscle strength were found in patients with TOS. In addi-
tion, a decrease in the endurance of the shoulder abduc-
tion was detected in patients with TOS. We believe that 
these losses in strength and endurance may be related to the 
pain levels of the patients. Similarly, Ozcakar et al. inves-
tigated shoulder flexor/extensor muscle strength, fatigue, 
and endurance in patients with TOS using isokinetic dyna-
mometer (16). The authors did not find any differences in 
flexor/extensor muscles strength and endurance. Although 
they stated that pain intensity was evaluated using the 

Table VI. Difference RE values in the shoulder joint position sense (JPS) between the affected side of patients with TOS and 
dominant side of the healthy person.

Target angles of JPS 
test (Degree)

Patients Affected Side 
(n = 8)

Healthy Dominant Side 
(n = 8) Z p*

Mean ± SD Mean ±SD
40° Flexion 44.37 ± 4.83 40.12 ± 3.31 - 1.697 0.10

70° Flexion 74.62 ± 7.44 72.25 ± 4.86 - 0.476 0.64

90° Flexion 93.75 ± 6.56 91.00 ± 4.41 - 0.848 0.44

130° Flexion 135.00 ± 7.63 128.12 ± 6.15 - 1.422 0.16

40° Abduction 40.37 ± 6.86 41.25 ± 2.37 - 0.317 0.79

70° Abduction 71.12 ± 3.87 68.12 ± 3.04 - 1.642 0.10

90° Abduction 90.37 ± 4.77 89.37 ± 2.38 - 0.745 0.50

130° Abduction 131.62 ± 8.78 131.87 ± 3.48 - 0.848 0.44
*Mann-Whitney U; SD: Standard Deviation; Statistical significant difference with p = 0.05.

Table VII. Difference AE values in the shoulder joint position sense (JPS) between the affected side of patients with TOS and 
dominant side of the healthy person. 

Target angles of JPS test (Degree)
Patients Affected 

Side (n = 8)
Healthy Dominant 

Side (n = 8) Z p*
Mean ± SD Mean ± SD

40° Flexion 4.87 ± 4.25 2.62 ± 1.76 - 0.866 0.39

70° Flexion 6.12 ± 6.08 4.50 ± 2.50 - 0.054 0.96

90° Flexion 3.75 ± 6.56 1.00 ± 4.40 - 0.848 0.40

130° Flexion 6.87 ± 5.11 2.87 ± 2.58 - 1.935 0.53

40° Abduction 5.62 ± 3.33 2.00 ± 1.69 - 2.503 0.01

70° Abduction 2.87 ± 2.64 2.87 ± 1.95 - 0.214 0.83

90° Abduction 3.62 ± 2.82 2.12 ± 0.99 - 1.029 0.30

130° Abduction 6.72 ± 4.21 2.75 ± 2.31 - 2.044 0.04
*Mann-Whitney U; SD: Standard Deviation; Statistical significant difference with p = 0.05.
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numeric pain scale, there was no data about pain intensi-
ty of the patients in their manuscript (16). If their patients 
declared lower pain intensity, it may be explained why 
muscle strength and endurance were not affected in their 
study. Our patients gave 6 points out of 10 (average) about 
their pain intensity. We thought that muscle strength and 
endurance may be overcome by middle or high-level pain 
intensity (5 points and over). Other difference is the result 
of muscle strength between the present study and Ozcakar 
et al.’s study may ensue from varied data collection meth-
od for the muscle strength. Ozcakar et al. collected muscle 
peak torque/body weight while we took only muscle peak 
torque of muscle strength data. Therefore a direct compar-
ison of the present study with Ozcakar et al.’s study is diffi-
cult because there was no information about data of pain 
intensity in their study (16).
This was the first study to investigate shoulder joint posi-
tion sense in patients with TOS. Target angles of 40°, 70°, 
90°, and 135° in sagittal and frontal planes were used to 
determine the JPS. These target angles were selected for the 
reason that 90° and 135° target angles should simulate over-
head activities such as combing hair, taking something from 
the cabinet, etc.; 40° and 70° target angles should simulate 
daily living activities such as wearing, feeding, washing, etc. 
There was a difference in 70° abduction joint position sense 
using AE values while there were no differences in other 
abduction and flexion degrees joint position sense using AE 

and RE values between the affected and unaffected side of 
patients. Although there were no statistically differences 
in flexion joint position sense using RE values while there 
were differences in 40°abduction and 130° abduction joint 
position sense using AE values between the affected side 
of patients and dominant side of the healthy controls. Yang 
et al. described AE values for shoulder joint in the fron-
tal plane (abduction/adduction movement) as 7.4° (± 3.8°) 
and in the sagittal plane (flexion/extension movement) as 
4.6° (± 2.4°) (17). Absolute and relative errors were calcu-
lated to determine JPS (14). Yang et al. showed that shoul-
der joint position sense decreased in the mid-range of the 
shoulder and it’s related to function in patients with chronic 
shoulder stiffness (18). Authors suggested that the coordi-
nation among scapula muscles’ activation were important to 
consider in the rehabilitation. 
There was a relationship between higher pain intensity 
and decreased shoulder joint position sense at 90° abduc-
tion (using RE values) and 130° flexion (using AE values) 
in patients with TOS. In abduction, late and insufficient 
upward rotation of the scapula was shown in patients with 
TOS compared to healthy controls scapula. Inadequate 
shoulder girdle muscle control and reduced upward rotation 
of the scapula may cause shoulder range of motion. Abduc-
tion usually provokes to pain, neurological or vascular symp-
toms motion in patients with TOS (3). We found a positive 
relationship between pain levels and shoulder joint position 

Table VIII. Relationship between VAS and AE&RE of JPS at a different angle of flexion and abduction in TOS. 

Angle r p*

VAS & Shoulder AE of JPS in Flexion

40° .447 0.26

70° .000 1.00

90° - .289 0.48

130° - .805* 0.01

VAS & Shoulder AE of JPS in Abduction

40° .247 0.55

70° - .363 0.37

90° - .043 0.91

130° .242 0.56

VAS & Shoulder RE of JPS in Flexion

40° .447 0.26

70° .319 0.44

90° - .289 0.48

130° - .233 0.57

VAS & Shoulder RE of JPS in Abduction

40° - .303 0.46

70° -.553 0.15

90° - .876 0.00
130° - .123 0.77

*Spearman test; r: Correlation coefficient; Statistical significant difference with p = 0.05.
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sense error at 90° abduction while there was no relationship 
in other abduction target angles. It is well known that the 
range of painful arc in shoulder impingement syndrome is 
60 to 120 degree (19). Thus, 90° abduction is in the middle 
of painful arc and overhead activities start after 90° abduc-
tion. We thought that there might be a painful arc or angle 
in patients with TOS in analogy to impingement syndrome. 
In the present study, we also found a negative relationship 
between pain intensity and 130° shoulder flexion joint posi-
tion sense using AE values. It means when pain increases 
patients find easily target angle during shoulder flexion. We 
did not find any knowledge (anatomical and biomechanical) 
why this target angle was easily found by patients with TOS. 
There is a flexor posture impairment in patients with TOS 
(5). Flexor posture disorder is expected in patients with 
TOS. Based on the findings of our study, it was thought that 
the patients with flexor posture disorder perceive the point, 
where they feel the pain in 130 degrees of flexion position, 
as the last motion limit of the shoulder and therefore they 
reach this degree easily. 
The first limitation of the present study was we did not 
collect the scapular motion data. Skandalakis et al. showed 
that altered scapular position and drooped/depressed 
shoulder girdle has been consistently described in these 
patients. The authors mentioned that altered scapular posi-
tion and/or glenohumeral depression may cause impaired 
shoulder joint position sense (20). Therefore, scapular 
motion analysis and the relationship between the motion 
differences with joint position sense in TOS patients would 
enlighten the JPS deficits in these population. Second-
ly, only muscle peak torque of the muscles was collect-
ed. Muscle amplitude or timing should be important for 
JPS and muscles strength. Hence, muscle amplitude and/
or timing may be evaluated using superficial electromy-
ography. The third limitation was the blood vessels and 
condition of soft tissue circulation to the affected arm was 
not assessed with ultrasound. Povlsen et al. showed that 
circulation and muscle strength were negatively affected 
in TOS (4). Because of, decreased endoneurial blood flow 
and the rate of nerve injury correlates with loss of vascu-
lar supply (21), circulation may affect directly mechano-
receptors activities. Additionally, circulation is important 
to enhance physical performance (22). Impairment of the 
circulation and muscle strength should be caused impair-
ment of the proprioception. Also, the functional level of 
the patients was not assessed in the present study. Although 
TOS is a pathology originating from the cervical region, 
its symptoms are seen in the upper extremity, especially 

in the shoulder. In the study, the proprioceptive sense of 
the cervical region was not evaluated. We think this is an 
important limitation of the present study. Studies are need-
ed to evaluate the proprioception of the cervical region in 
patients with TOS. Studies are also needed to evaluate the 
proprioception of neurogenic and vascular TOS.

CONCLUSIONS
The present study indicated that shoulder joint position 
sense was decreased at 40° & 70° & 130° abduction, shoul-
der muscles strength in flexion and abduction was also 
decreased. Additionally, there was a relationship between 
higher pain intensity and decreased shoulder joint position 
sense at 90° abduction in patients with TOS. Therefore, the 
clinicians should be aware of the proprioceptive and muscle 
strength deficiencies in these individuals. It is also import-
ant to consider the relationship between pain and joint posi-
tion sense in thoracic outlet syndrome. Proprioceptive and 
muscular strengthening exercises with the postural adjust-
ment would be considered to implement in the daily thera-
peutic exercise programs in patients with TOS. It is suggest-
ed that future studies might evaluate joint position sense, 
muscle strength, scapular dysfunction, circulation dysfunc-
tion, timing & amplitude of shoulder and neck muscles in 
the large number of patients with TOS.
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SUMMARY
Background. Work-related musculoskeletal disorders (WRMSDs) are cause of disabil-
ity and loss of productivity. Part of the workers suffers from WRMSDs while others 
are exposed to risk factors. Resistance training (RT) can reduce pain symptomatology, 
counteracting WRMSDs. The aim of this investigation is to evaluate the effectiveness 
of a RT program in a group of metalworkers on pain perception, disability and physical 
fitness in context of real work-setting. 
Methods. Eighteen metalworkers took part to a 12 weeks RT program with a person-
alized intervention during the sessions. Disability of the arm, shoulder and hand ques-
tionnaire (DASH) and the visual analogue scale for the low back (L-VAS) represent 
the primary outcome regarded. Handgrip strength, shoulder and hamstrings flexibil-
ity and cardiorespiratory endurance were tested. Pre-post differences were evaluated 
through T-test.
Results. DASH score improved significantly of 4.28 points (p = 0.03). L-VAS did not 
change (p = 0.38) while physical fitness outcomes improved significantly except for the 
shoulder flexibility. Spontaneous attendance reached 83.42%.
Conclusions. Pain and disability decreased in upper limb and shoulder but not in the 
lumbar spine. Moreover, physical fitness of participants improved. Considering the 
spontaneous attendance to the program of these participants, we exhort RT implemen-
tation in occupational primary and secondary prevention programs.
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Musculoskeletal disorders; low back pain; exercise; workplace.

Effects of Tailored Resistance Exercise Training in a 
Group of Metalworkers with Ergonomic or Manual 
Handlings Loads Prescription by the Occupational 
Physician: a Pilot Study

S. Gobbo1*, V. Bullo1*, E. Roma1, M. Bergamo1, B. Vendramin1, F. Duregon1, L. Cugusi2, 
A. Di Blasio3, S. Maso4, D. Sales Bocalini5, C. L. Alberton6, G. Priolo7, D. Cruz-Diaz8, A. 
Ermolao1, M. Bergamin1*

* these authors equally contributed to the manuscript.

1  Sport and Exercise Medicine Division, Department of Medicine, University of Padova, Padova, Italy
2  Department of Biomedical Sciences, University of Sassari, Sassari, Italy
3  Department of Medicine and Sciences of Aging, G. d’Annunzio, University of Chieti-Pescara, Pescara, Italy
4  Department of Cardiac, Thoracic and Vascular Sciences, University of Padova, Padova, Italy 
5  Laboratorio de Fisiologia e Bioquimica Experimental, Centro de Educacao Fisica e Deportos, Universidade 

Federal do Espirito Santo (UFES), Vitoria, Espirito Santo, Brazil 
6  Physical Education School, Federal University of Pelotas, Rio Grande do Sul, Brazil
7  Freelance professional
8  Department of Health Sciences, Faculty of Health Sciences, University of Jaén, Jaén, Spain



187Muscles, Ligaments and Tendons Journal 2021;11 (1)

S. Gobbo, V. bullo, E. Roma, et al.

INTRODUCTION
Work-related musculoskeletal disorders (WRMSDs) can 
be defined as abnormalities in the soft tissue of upper and 
lower limbs bones and joints, such as spine (1). Several path-
omechanisms act at the organ and tissue levels, and provoke 
WRMSDs. The repetitive movement during the workday 
could induce a muscular imbalance due to the overuse of 
specific muscular group and the underuse of other (2). In 
addition, the maintenance of prolonged and/or abnormal 
static position could affect peripheral nerves increasing 
pressure or tension causing chronic compression. With-
out muscle restoration, this “bad conduct” could turn on 
a circle of swelling, inflammation and micro-circle impair-
ment that induce a nerve dysfunction (2). 
Incidence and prevalence of WRMSDs have been increas-
ing through the years. Between 2006 and 2010 in Italy the 
notifications of WRMSDs augmented by 158% (3), whit an 
increase of work-related disability and loss of productivi-
ty. Furthermore, they could affect activities of daily living 
(ADL) and quality of life (QoL) (4). Actions of prevention 
are therefore needed to lower the incidence of WRMSDs, 
and for that present pain, to reduce symptomatology.
Increase physical activity has been showed to be beneficial 
for several musculoskeletal diseases, with particular effi-
cacy for the reduction of low back pain (LBP) (5); on the 
contrary, for upper limb and neck musculoskeletal disor-
ders research reports contrasting results. In details, there is 
evidence consensus about the beneficial effects of physical 
exercise training (6), especially resistance training interven-
tions (3, 6). The effect of resistance training on pain relief 
seems to be attributable to acceleration of protein synthesis 
and degradation, leading to reconstruction of abnormal or 
painful muscle tissue (7) or to reduction in relative work-
load due to strength improvement (8). Moreover, the level 
of physical activity is inversely associated with LBP (9). 
The aim of this pilot study is to evaluate the effectiveness 
of a supervised resistance training program on individual 
pain perception, disability and physical fitness in a group 
of metalworkers reporting pain symptoms. A second point 
of interest is to verify the feasibility of the intervention 
performed into the company considering individual condi-
tions, the strenuous working activity and the full freedom of 
choice to take part to the training sessions.

MATERIALS AND METHODS

Participants
This pilot study was performed between October and 
December 2017. Twenty-two male metalworkers were 
recruited from an Italian steel company to participate in 12 

weeks of adapted physical exercise (PE) protocol. Inclu-
sion criteria were: 1) age ≥ 18 years old, 2) ergonomic or 
manual handlings of loads prescription by the occupa-
tional physician, 3) history of musculoskeletal pain, 4) no 
concurrent participation in other exercise program. Writ-
ten informed consent was obtained prior to enrollment. The 
study complied with the current laws of Italy for research 
on human participants and was approved by the local 
review board.

Health-related physical fitness assessment
The participants were evaluated at the same day, 7 days 
before and 7 days after PE intervention. Cardiorespira-
tory endurance was assessed through 2-minutes step test 
(2MST). Subjects were asked to maintain upright stance 
near a wall and performed the greater number of full steps 
in place for two minutes, reaching with the knee a standard-
ized height defined by the midpoint between patella and 
iliac crest. Each step requires the complete contact of the 
foot to the floor. Score is the number of times that right knee 
reaches the required height correctly (10). 
Flexibility measures were taken to the nearest 1 cm. Flexi-
bility of the lower body (primary hamstring) was evaluated 
with Chair Sit and Reach Test (CSRT). The subjects had to 
set on the edge of the chair, with one leg flexed at 90° and 
the other extended. They were asked to overlap the middle 
fingers of their hand with the palm facing down and to bend 
forward as far as they could, without bending the extend-
ed knee or changing ankle position. Score was measured in 
centimeters (cm) and it was zero if the middle finger touch-
es the tip of the foot, it has positive sign if the middle finger 
passes the tip of the foot or negative if it does not (10). The 
overall shoulder range of motion was evaluated with the 
Back-Scratch Test (BST). The subjects were asked to raise 
the arm, bent the elbow and reach across the back as far as 
possible. At the same time the other arm is placed down and 
behind the back. Subjects were asked to reach their fingers 
behind the back. An overlap is considered to produce a 
positive score, whereas a gap is considered a negative score. 
If middle fingers touch, the score is zero (10). Each flexibili-
ty test was performed three times for each side, right and left 
mean score were considered.
Muscular strength was tested with Handgrip Strength Test 
(HST). The HST is a direct measure of maximal isomet-
ric grip strength and it reflects overall body strength in 
untrained subjects (11). Subjects sit on a chair without 
armrest and elbow was flexed to 90°. Hydraulic dynamom-
eter (Baseline, Elmsford, NY, USA) was used; grip was 
adjusted so that middle portion of the middle finger was 
placed in front of the handle. The fingers were in front of 
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dynamometer handle, wrist and forearm laid in midprone 
position. Participants were asked to squeeze as hard as 
possible, for at least 5 seconds. Score was recorded at the 
nearest 1kg. Subjects undertook three trials for each hand, 
the mean score was considered. The rest period between 
trials were of three minutes to prevent any fatigue effect.

Disability and symptom assessment 
Work-related musculoskeletal symptoms were evaluated 
with the Disability of the Arm, Shoulder and Hand Ques-
tionnaire (DASH) (12) and the Visual Analogue Scale 
(VAS). The Italian version of DASH is a 30-item disability/
symptom scale concerning the patient’s health status during 
the preceding week. The items ask about the degree of diffi-
culty in performing different physical activities due to arm, 
shoulder, or hand problems (21 items), the severity of each 
pain symptoms, activity-related pain, tingling, weakness and 
stiffness (5 items), as well as the impact on social activities, 
work, sleep, and self-image (4 items). The score of all items 
ranges from 1 to 5 and allows calculating a summary scale 
score ranging from 0 to 100. Pain intensity of low back was 
evaluated with VAS. The VAS is a 0 to 10 cm line, where 0 
corresponded to absence of pain, while 10 represents the 
worst imaginable pain (13). Subjects were asked to assess 
the level of pain they experienced in low back (L-VAS). A 
representation of the human body was used to clearly indi-
cate body part to consider. All these questionnaires were 
self-administered. The occupational physician, after clinical 
interview and examination, identified the most painful area 
or joints, which showed higher-risk for pain.

Physical activity assessment
The level of physical activity and sedentary behavior were 
evaluated throughout the Global Physical Activity Ques-
tionnaire (GPAQ). It is a 16-items questionnaire composed 
by 3 domains: physical activity at work, physical activity for 
travel to and from places, and recreational physical activ-
ities (14).

Exercise protocol
Physical exercise protocol was performed for 12 weeks, 
supervised by an exercise specialist. The exercise session 
took place in the afternoon (5.00 pm) at the end of the 
working schedule of participants. Each exercise session 
started with a 10-minutes of warm-up exercise focused 
on joint movement of mainly body districts (e.g., scapular 
elevation and depression, anterior and posterior pelvic tilt, 
etc.). Resistance exercises were performed for major muscu-

lar groups, with elastic bands or free weights. To standard-
ize the intensity, Borg’s category ratio scale 10 (CR10) was 
used (15). CR10 ratings, referred to the perceived exertion 
of the prime movers, were measured at the end of the first 
set. If prescribed CR10 rate was reached in the first set, 
weight was maintained for the other sets, otherwise weight 
was adjusted, and another attempt was made. The session 
ended with a 10-minutes cool-down, in which stretching 
exercises for the main muscular groups were performed. 
Weeks 1-3 were employed for the exercises training. After 
this phase, the workout was adapted for each participant, 
including with specific exercises in regards to musculo-
skeletal disease and/or pain. In details, was added resis-
tance and stretching exercises for neck, wrist, forearm, 
shoulders, and pelvic/hamstrings muscles. The aim was 
strengthening and increase flexibility to reduce pain. More 
information about training variables and progression are 
presented on table I.

Statistical analysis
Statistical analysis was performed with R, version 3.5.2 
(16). Results were expressed in mean and standard devia-
tion as mean (SD), except for attendance that was expressed 
in mean and Interquartile range (IQR). A paired-sample 
Student’s T Test was performed for each dependent vari-
able. Significance limits were set at α = 0.05. Confidence 
intervals were reported. Effect size (ES) of each outcome 
was calculated according to the Cohen’s d formula: ES = 
(mean pre value – mean post value)/SD pre value. The ES 
is a measure of the effectiveness of a treatment and it helps 
to determine whether a statistically significant difference is a 
determined by the practical concern. Interpretation is based 
on Cohen (17) criteria where an ES value of 0.2 indicates a 
small effects, ES of 0.5 indicates moderate effect, and ES 
higher than 0.8 indicates a large effect. Attendance to the 
protocol will be expressed as the percent of sessions accom-
plished by the participants on the total number of sessions 
(24 lessons).
This study meet the ethical standards of Muscle, Ligaments 
and Tendons Journal (18).

RESULTS
Two participants dropped-out, and 18 metalworkers 
completed the PE intervention. Participant’s baseline char-
acteristics are presented into table II. All participants expe-
rienced LBP; moreover, 4 out 18 had upper limb disease, 
5 out 18 had low back disease, and 1 had neck disease. 
According to GPAQ guidelines, 11 participants were active, 
3 had low level of PA and 4 were sedentary.



189Muscles, Ligaments and Tendons Journal 2021;11 (1)

S. Gobbo, V. bullo, E. Roma, et al.
Ta

b
le

 I.
 R

es
is

ta
nc

e 
tr

ai
ni

ng
 p

ro
g

ra
m

.

W
ee

k 
nu

m
be

r
N

um
be

r 
of

 se
ts

R
ep

et
iti

on
s

In
te

ns
ity

 
(C

R
10

)
N

um
be

r 
of

 e
xe

rc
is

es
N

um
be

r 
of

 se
ts

R
ep

et
iti

on
s/

 
D

ur
at

io
n 

(s
)

In
te

ns
ity

 
(C

R
10

)
N

um
be

r 
of

 e
xe

rc
is

es
R

ec
ov

er
y 

tim
e 

(s
)

Fr
eq

ue
nc

y 
(s

es
si

on
s/

w
ee

k)
 

R
E

 
 S

PE
 

1
T

0 
as

se
ss

m
en

t

2-
4

2
8/

10
-3

0’
’

7
10

n.
a.

n.
a.

n.
a.

n.
a.

40
2

5-
7

2
10

/1
2-

40
’’

8
8

2
8/

10
-3

0’
’

7
2

30
2

8-
10

3
10

/1
2-

40
’’

7
5/

7
2

10
/1

2-
40

’’
7

3
30

2

11
-1

3
3

10
/1

2-
40

’’
8

5/
7

3
10

/1
2-

40
’’

8
3

30
2

14
T

1 
as

se
ss

m
en

t

C
at

eg
or

y
E

xe
rc

is
es

M
us

cl
e 

in
vo

lv
ed

R
E

Sq
ua

t/
L

un
ge

s
Q

ua
dr

ic
ep

s,
 G

lu
te

al
s

R
E

G
lu

te
 b

ri
dg

e
G

lu
te

al
s,

 H
am

st
ri

ng
s 

R
E

St
an

di
ng

 c
al

f 
C

al
ve

s

R
E

F
lo

or
 p

re
ss

C
he

st
 

R
E

U
pr

ig
ht

 r
ow

Sh
ou

ld
er

s/
N

ec
k

R
E

L
at

er
al

 r
ai

se
*

Sh
ou

ld
er

s/
N

ec
k

R
E

F
ac

e 
pu

ll*
Sh

ou
ld

er
s/

N
ec

k

R
E

E
xt

er
na

l/
 I

nt
er

na
l r

ot
at

io
n*

Sh
ou

ld
er

s/
N

ec
k

R
E

B
ic

ep
 c

ur
l

B
ic

ep
s

R
E

P
us

h 
do

w
n

Tr
ic

ep
s

R
E

C
ru

nc
he

s/
P

la
nk

A
bd

om
in

al
s

SP
E

Is
om

et
ri

c 
ne

ck
 fl

ex
io

n/
ex

te
ns

io
n,

 la
te

ra
l b

en
di

ng
N

ec
k 

SP
E

W
ri

st
 fl

ex
io

n/
ex

te
ns

io
n 

(s
tr

et
ch

in
g/

R
E

)
W

ri
st

 

SP
E

F
or

ea
rm

 s
up

in
at

io
n/

pr
on

at
io

n 
(s

tr
et

ch
in

g/
R

E
)

F
or

ea
rm

SP
E

Sh
ou

ld
er

 m
ob

ili
ty

 e
xe

rc
is

es
 in

 a
ll 

di
re

ct
io

ns
Sh

ou
ld

er
s

SP
E

P
el

vi
c 

til
t/

 H
am

st
ri

ng
s 

fle
xi

bi
lit

y 
ex

er
ci

se
s

P
el

vi
c 

m
us

cl
es

/h
am

st
ri

ng
s

A
t l

ea
st

 o
ne

 e
xe

rc
is

e 
fo

r 
m

aj
or

 m
us

cl
e 

gr
ou

p 
w

er
e 

pe
rf

or
m

ed
 th

ro
ug

h 
th

e 
w

ee
ks

. S
el

ec
tio

n 
of

 e
xe

rc
is

e 
w

as
 b

as
ed

 o
n 

po
ss

ib
le

 in
di

vi
du

al
 p

ai
n 

du
ri

ng
 th

e 
ex

ec
ut

io
n.

 F
ro

m
 w

ee
k 

fiv
e 

si
ng

le
 

jo
in

t e
xe

rc
is

es
 w

er
e 

re
m

ov
ed

 to
 in

cl
ud

e 
SP

E
. I

n 
th

e 
re

pe
tit

io
ns

/d
ur

at
io

n 
co

lu
m

n 
th

e 
do

ub
le

 a
po

st
ro

ph
e 

(‘’
) i

nd
ic

at
es

 se
co

nd
s o

f m
ai

nt
en

an
ce

 o
f i

so
m

et
ri

c 
ex

er
ci

se
, e

xc
ep

t f
or

 n
ec

k 
is

om
et

-
ri

c 
ex

er
ci

se
s t

ha
t w

er
e 

pe
rf

or
m

ed
 fo

r 5
 se

co
nd

s r
ep

et
iti

on
s.

 E
xe

rc
is

es
 m

ar
ke

d 
w

ith
 a

n 
as

te
ri

sk
 (*

) w
er

e 
R

E
 a

nd
 S

P
E

 a
t t

he
 sa

m
e 

tim
e.

 A
bb

re
vi

at
io

ns
: R

E
: r

es
is

ta
nc

e 
ex

er
ci

se
/e

xe
rc

is
es

, S
P

E
: 

sp
ec

ifi
c 

ex
er

ci
se

/e
xe

rc
is

es
; C

R
10

; n
.a

: n
ot

 a
pp

lic
ab

le
.



190 Muscles, Ligaments and Tendons Journal 2021;11 (1)

Resistance Training in a Group of Metalworkes

Results are summarized in table III. The attendance was 
83.42% (SD = 14.09%, IQR = 76.04-92.30, Minimal value 
= 70.83%).
Cardiorespiratory endurance evaluated with 2MST 
showed a significant increase of 14.71 steps (p = 0.01, 
ES = 0.64). 

Flexibility of lower and upper limb increased, but only 
CSRT recorded significant changes. In details, right and left 
CSRT showed significant improvement of 4.31 (R, p = 0.03, 
ES = 0.38) and 4.06 (L, p = 0.04, ES = 0.35). Upper limb 
flexibility improved without statistical significance.
Muscular strength improved in both right and left handgrip 
isometric strength. The strength of right hand recorded an 
increase of 3.77 kg (p = 0.01, ES = 0.43), while left hand 
recorded and increase of 2.22 kg (p = 0.02, ES = 0.3).
Pain and disabilities outcomes showed significant reduction 
of DASH scores (- 4.28; p = 0.03; ES = 0.29), while L-VAS 
recorded a reduction on pain but without statistical signifi-
cance (- 0.56; p = 0.38).

DISCUSSION
The aim of this pilot study was to evaluate the effect of a 
supervised resistance-training program on physical capaci-
ty, pain perception and disability. Moreover, another point 
of interest was to verify the feasibility of the intervention 
performed into the company considering individual condi-
tions, the strenuous working activity and the full freedom of 
choice to take part to the training sessions. The supervised 
PE protocols induced the improvement of cardiorespiratory 
endurance, muscular strength of upper limb and flexibili-
ty of lower limb. Moreover, DASH score decreased signifi-
cantly after intervention (p = 0.03), while L-VAS decreases 
without statistical significance (p = 0.38).
Low back pain is a multifactorial disease that involve phys-
ical and psychological sphere. Even if exercise is one of the 
most efficient strategies for the management and prevention 

Table II. Sociodemographic characteristics of the study 
participants (mean ± standard deviation).

Variables Participants (18)
Sociodemographic characteristics
Age (years) 49.11 (7.58)

Weight (Kg) 82.46 (14.59)

Height (m) 1.74(0.06)

BMI (Kg * m-2) 27.19(4.64)

Musculoskeletal disease

LBP (L-VAS) 4.78 (3.08)

Upper limb disease (n) 4

Neck disease (n) 1

Low back disease (n) 5

GPAQ

Daily sedentary behaviors (min) 274.72 (139.44)

Sedentary participants (n) 4

Low level of physical activity (n) 3

Active participants (n) 11
M: male, BMI: body mass index; LBP: low back pain; GPAQ: global phys-
ical activity questionnaire.

Table III. Results of outcome measures.

Variables T0 T1 Difference P-value
95% 

Confidence 
Intervals (CI)

Effect size

Pain and disabilities            

L-VAS 4.78 (3.08) 4.22 (3.46) - 0.56 0.38 - 1.85, 0.74 0.18

DASH 20.69 (16.20) 16.04 (12.95) - 4.28 0.03 0.06, 8.62 0.29

Health-related physical fitness
2-minutes step test 76.29 (22.81) 91.00 (22.50) 14.71 0.01 4.24, 25.17 0.64

Chair sit and reach R (cm) - 9.54 (11.31) - 5.22 (10.64) - 4.31 0.03 - 8.15, -0.48 0.38

Chair sit and reach L (cm) - 7.71 (11.58) - 3.65 (10.02) - 4.06 0.04 - 7.90, -0.21 0.35

Back scratch R (cm) - 0.86 (7.16) 0.25 (7.67) 1.11 0.18 - 0.54, 2.76 0.16

Back scratch L (cm) - 4.90 (8.75) - 3.55 (7.98) 1.35 0.16 - 0.60, 3.30 0.15

Handgrip test R (kg) 42.81 (8.76) 46.58 (7.87) 3.77 0.01 1.06, 6.48 0.43

Handgrip test L (kg) 40.63 (7.42) 42.84 (5.89) 2.22 0.02 0.40, 4.03 0.30
L-VAS: Visual Analogue Scale score for low back; DASH: Shoulder and Hand Questionnaire score; R: Right; L: Left; PA: physical activity.
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of LBP (19), our results showed contrast results. The anal-
ysis of participants showed a reduction of pain in 5 out 18 
participants, an unchanged pain in 6 out 18, while 7 partic-
ipants worsened their LBP. Focusing on worsened partici-
pants, the difference with who improved or unchanged is 
the age, with 5 out 7 that aged more than 50 years old. Our 
hypothesis is that older workers could be affected by chron-
ic LBP and needs longer and different exercise protocol for 
the management of pain.
Several studies reported clinical meaningful reduction of 
neck and shoulder pain and improvement of shoulder range 
of motion after RT program (20). Moreover, shoulders 
ROM were associated with severity of pain suggesting the 
needs of specific intervention for the management of this 
condition (21). Indeed, our study, RT programs induced 
the significant improvement of DASH scores, even if the 
shoulder flexibility improved without statistical significance 
(right, p = 0.18, left, p = 0.16). Moreover, upper limb grip 
strength improved significantly for both right (+ 8.81%, p 
= 0.01) and left (+ 5.45%, p = 0.02) grip strength. Hand-
grip test seems to be related with musculoskeletal pain and 
disabilities. The improvement of grip strength could repre-
sent an improvement in overall body strength that could be 
related to decrease in neck, shoulders and hand disability 
through reduction in relative workload (22). 
Chair sit and reach test is an indirect measure of hamstrings 
flexibility that is a physical capacity often related to LBP 
(23). Resistance training program induced an improve-
ment of right (- 45.25%, p = 0.03) and left (- 52.62%, p 
= 0.04) lower limb flexibility, with a reduction of L-VAS. 
However, pain reduction was not statistically significant 
due to the physical exertion demands. In fact, heavy physi-
cal work, dynamic working postures and weight lifting are 
risk factors for low back pain (24), and this type of exercise 
protocol is not enough for the significant reduction of pain. 
Commonly, lower level of aerobic capacity is associated 
with an increased risk of chronic LBP (25). Even if the PE 
program was composed mainly by strength and flexibility 
exercises, participants improved their cardiovascular capac-
ity (+19.28, p = 0.01). Probably, the improvement could be 
related to the general physical conditioning induced by the 
specific and structured exercise program.
The second aim of this study was the analysis of the atten-
dance and relative feasibility of the intervention in the work-
place. Generally, the adherence to health promotion inter-
ventions program at workplace were below that 50% (26). 
For this reason, we hypothesized that the strenuous working 
activity and the fear of worsening the previous musculoskel-
etal pain could act as deterrent to RT program participa-
tion immediately after the shift. Instead, the mean adher-
ence was 83.42% (IQR = 76.04% - 92.30%). Probably, the 

occupational doctor prescription for RT program may have 
favored the participation. 

Limitations
This study had some limitations. Firstly, group pretest-
posttest design of this study is the major limitation; in fact, 
the absence of a control group prevents the attribution of 
results to the RT program. Moreover, the pilot nature of 
this study partially justifies this design. In fact, one of our 
objectives was the evaluation of the feasibility of the inter-
vention for future research implementation. Secondly, the 
heterogeneity of the sample could be another important 
limitation, but the real-world setting exposes to heteroge-
neity itself. Thirdly, pain and disability evaluation could 
be more complete using VAS in different body regions or 
the Neck Pain and Disability Scale. Because the evaluation 
was carried out after the shift, the need of a brief evaluation 
overcomes the desire of completeness. Fourthly, consider-
ing the exercise protocol, another limitation consisted on 
the lack of data about mean environmental temperature 
during the session. Finally, we did not perform the intention 
to treat analysis because two participants drop out, and they 
did not perform the post treatment evaluation.

CONCLUSIONS
This study demonstrates the feasibility of a RT intervention 
in a real work setting after the working shift. Even though 
participants were engaged in strenuous working activity, 
spontaneous attendance was 83.42%. Moreover, RT seems 
to be effective in reducing pain perception and disability 
related to WRMSDs, particularly in the joints involved in 
the exercises. Hence, specific exercises should be added 
to RT program in the exercise prescription to reach better 
results, considering specific risk factors and joints involve in 
working activity.
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SUMMARY
Background. Forward head posture (FHP) is the most common poor postures in 
patients with shoulder and neck pain. Longus colli (LCo) muscle has important role in 
maintaining normal posture of the cervical spine and dysfunction of this muscle may 
lead to abnormal posture of the cervical spine. Ultrasonography is one of the most 
common methods used to evaluate muscle performance. The aim of this study was to 
compare performance of LCo muscle between women with and without FHP.
Methods. This cross-sectional study included 70 women with and without FHP (35 
in each group). Thickness of LCo muscle in resting state, contraction state (50% of 
maximal isometric contraction of craniocervical flexion) and thickness change of this 
muscle between resting and contraction state were measured by ultrasonography and 
compared between two groups using Independent-Samples T test. 
Results. The results indicated that there was no significant difference between two 
groups regarding thickness of LCo muscle in resting and contraction state but, thick-
ness change of this muscle between resting and contraction state was significantly 
smaller in women with FHP compared with control group.
Conclusions. The results of this study indicated that measurement of thickness change 
of LCo muscle between resting and contraction state seems to be a better parameter 
than thickness of this muscle in resting or contraction state for assessment of perfor-
mance of this muscle. 
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BACKGROUND
Posture can be defined as the alignment of body segments in 
a specific time (1). Forward head posture (FHP) is one of the 
most prevalent abnormal posture (2) and FHP is defined as 
forward positioning of the head relative to the trunk in sagit-
tal plane (3). Previous studies indicated that FHP is linked 
with many musculoskeletal dysfunction such as shoulder 
pain, neck pain, headache and craniofacial pain (4). Abnor-
mal sitting postures (e.g. working with computers at an 
improper height of computer screen) can lead to FHP (5). 
The prevalence of this abnormal posture has been increased 
because of increased time spent working on a computer. 
Longus colli (LCo) muscle has important role in controlling 
cervical lordosis and maintaining posture of the cervi-

cal spine. This muscle is an important stabilizer to main-
tain normal head on neck posture (6). Weakness of this 
muscle decrease proprioception function and ability of this 
muscle to control posture of the cervical spine (7). Previous 
studies indicated that FHP is associated with weakness of 
upper cervical flexor muscles in patients with cervicogenic 
headache (8). 
Evaluation of muscle thickness can indicate muscle func-
tion and strength (9). Magnetic Resonance Imaging (MRI), 
Computed Tomography (CT) scan, and ultrasonography 
are common methods which are used to measure muscle 
thickness. Ultrasonography is considered an accessible, 
cost effective, reliable and noninvasive method for evalua-
tion of muscle thickness and activity (10, 11). Previous stud-
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ies indicated that muscle thickness changes is correlated 
with amplitude of electromyographic signal (11) and more 
change in muscle thickness is indicative of more muscle 
activity (11). So quantifying muscle thickness change may 
indirectly represent muscle function (12). 
By regarding high incidence of FHP among computer 
users (especially in youth) and increased usage of comput-
er, the importance of considering this abnormal posture in 
researches is highlighted. Although some previous stud-
ies conducted on FHP but, to the best of the authors’ 
knowledge, there is lack of studies evaluated thickness 
change of LCo muscle during craniocervical (CC) flexion 
in FHP. Keeping these points in mind, the present study 
was designed to compare thickness of LCo muscle in resting 
state, contraction state (50% of maximal isometric contrac-
tion of CC flexion) and thickness change of this muscle 
between resting and contraction state between women with 
and without FHP. Similar studies can promote knowledge 
about performance of LCo muscle in FHP and help for 
better management of FHP. 

MATERIALS AND METHODS

Participants
Participants of this cross-sectional study were seventy 
asymptomatic women, aged between 20 and 40 years. This 
study was a part of a larger study. Sample size in this study 
was considered 35 in each group (with and without FHP). 
This sample size was calculated using this formula:

N = (Z1-α/2 + z1-β)
2 (α1

2 + α2
2)/(µ1 - µ2)

2 

where:

• α: 0.05;
• β: 0.1;
• power: 90%;
• α1: 1.81;
• α2: 2.34;
• µ1: 2.86;
• µ2: 4.6 (13). 

Participants were divided into two groups (with and with-
out FHP, 35 in each group) according to the craniovertebral 
angle (CVA) measured by photographic images. Evaluation 
of CVA is described later in this article. The inclusion crite-
ria for both groups were women aged 20-40 years. Partic-
ipants with CVA greater than 48° were included in the 
control group and participants with CVA less than 48° were 
included in the FHP group (14). In this study our partici-

pants were only women subjects to exclude possible effects 
of gender on the results of this study.
The exclusion criteria for both groups were as follows: neck 
or shoulder pain, radicular pain of the upper extremity, 
history of cervical surgery, severe thoracic kyphosis, history 
of musculoskeletal or neuromuscular diseases, previous or 
current injuries in neck and shoulder, history of facial trau-
ma or surgery, participation in any sports activities, hear-
ing impairments requiring the use of a hearing aid, recur-
rent middle ear infections in the previous 5 years, persistent 
respiratory difficulties over the last 5 years that interfered 
with daily activities, any visual impairment not corrected by 
glasses, central nervous system disorders, and temporoman-
dibular disorders (3).

Evaluation of CVA
At first, the aims and procedures of the current study were 
explained to the participants. Prior to data collection, 
participants were asked to sign informed consent form. The 
present study meets the ethical standards of the journal. The 
study had ethical approval from ethical committee of Shahid 
Beheshti University of Medical Sciences, Tehran, Iran 
(SBMU.REC.2015.529, 1/4/2015). The present study was 
conducted at the Physiotherapy Research Center, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran.
At first demographic data were collecting and then a digi-
tal camera (Sony, DSC WX80, Japan, 2013) was used to 
measure head and neck postures in standing position. The 
camera was placed at distance of 1.5 m from the partici-
pant on a fixed base. The height of camera was adjusted 
to the level of the participant’s shoulder (14). The partic-
ipant was instructed to stand in a natural standing posi-
tion she felt comfortable and distribute body weight even-
ly between feet, maintaining that position throughout the 
assessment (3). Self-Balanced position was used to standard-
ize head and neck posture of the participants. The partici-
pant moved the head and neck into full extension and flex-
ion and reduced the range of movement gradually to stop 
movement and keep the neck and head in habitual posture 
(14). For measuring CVA, C7 spinous process and tragus 
of the ear were marked. Three pictures from lateral view 
of each sides of the participants were taken. Images were 
transferred to computer and Image J software was used to 
measure the CVA.
The CVA was measured as an angle between a horizontal 
line passing C7 spinous process and a line connecting the 
C7 to the tragus of the ear (14). If the average CVA calcu-
lated from the two sides was less than 48°, the participants 
were considered to have FHP (14). Since many of the previ-
ous studies considered CVA less than 48-50° as FHP, in 
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the current study authors considered CVAs less than 48° 
as FHP (14).
After evaluation of CVA, maximal isometric force of CC 
flexion was measured and then ultrasonography of LCo 
was done in resting and contraction states (50% of maximal 
isometric CC flexion). 

Evaluation of maximal isometric force 
of CC flexion
A custom-made device was used to measure maximal 
isometric force of CC flexion (figure 1). Prior to the main 
study, a reliability study was performed to assess the reliabil-
ity of this device and the results showed that this device was 
reliable for measuring isometric force of CC flexion. The 
device was calibrated before use. This device has three hori-
zontal and two vertical bars. The level of horizontal bars was 
adjustable. The vertical bars were fixed to the wall and floor. 
Two load cells were mounted on the first horizontal bar and 
were connected to the monitors. The second and the third 
horizontal bars had wide, adjustable, and rigid plates to fix 
thorax and pelvis of participants during isometric force test-

ing. Superior and inferior load cells (ZEMIC, H3-C3 and 
ZEMIC, L6D-C3, respectively) were placed in front of and 
under the mandible for measurement of isometric force of 
CC extension and flexion, respectively. For measurement of 
isometric force of CC flexion, participants were asked to sit 
on a stool facing the device, hips, and knees at 90° of flex-
ion, feet on the floor, and both hands on the thighs. The 
participants were required to relax muscles of the shoulders, 
arms, and legs (15) and keep this position during isomet-
ric force testing. They were also asked to focus on a point 
on the facing wall, at eye level during the test, to minimize 
flexion of the neck during testing. Participants performed a 
nodding movement of the head on the load cell for evalua-
tion of isometric force of CC flexion. They were instructed 
to keep jaws closed during CC flexion and push on the infe-
rior load cell as hard as they could. The command of push 
was given by a loud, recorded voice and mandibular depres-
sion was controlled during CC flexion.
Prior to the main test, participants were instructed about the 
correct form of CC flexion and performed three submaximal 
isometric CC flexion (8). After one-minute rest, participants 
performed three maximal isometric CC flexion. Each maxi-
mal isometric CC flexion lasted 5 seconds with 45 seconds 
rest (16). If the result of the third maximal isometric CC 
flexion represented improvement greater than 10%, more 
tests were done until the improvement remained under 
10%. The best value of maximal isometric CC flexion was 
used for data analysis.

Ultrasonography of LCo in resting state
Ultrasonography images of LCo muscle were taken using 
an ultrasonography device (Ultrasonic scanner, HS 2100, 
Honda Electronic Co., Japan) with a 7 cm linear probe in 
B-mode (7.5 MHz). The participants were asked to sit in 
the relaxed state on a chair, keep knees and hips at 90° of 
flexion, and maintain head and neck in the neutral posi-
tion. Participants were asked to maintain upper arms in the 
resting position by sides, forearms, and hands on the thigh. 
Because any change in position would change muscle thick-
ness, the position of participants was checked during ultra-
sonography.

Ultrasonography of longus colli muscle 
in contraction state
After obtaining image of LCo in resting state, image of this 
muscle was obtained in contraction state (50% of maximal 
isometric CC flexion). For this purpose, participants were 
requested to do submaximal isometric CC flexion until 
monitor demonstrated 50% of maximal isometric force of 

Figure 1. Position of participants during measurement of 
isometric force of craniocervical flexion.
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CC flexion. An assistant helped examiner to capture image 
of LCo muscle. In this study we measured thickness of LCo 
muscle in 50% of maximal isometric contraction of CC flex-
ion because, previous studies indicated that there was not 
significant changes in muscle thickness in contraction levels 
above 50% of maximum isometric contractions (17). 
It should be noted that to visualize LCo muscle using ultra-
sonography in resting and contraction state, the probe was 
placed transversely at the C6 level. Three images of LCo 
muscle were frozen and stored for future analysis. To obtain 
each image (resting state, contraction state), the probe was 
removed and repositioned at the same level. All participants 
were right handed and images of the LCo muscle were taken 
on right side (figures 2, 3). The thickness of the LCo muscle 
was measured using ultrasonography on each image. The 
average thickness obtained from three ultrasound images 
was used for the statistical analysis.
In this study, authors measured thickness of LCo muscle in 
resting and contraction state and thickness change of this 
muscle between resting state and contraction state. Muscle 
thickness in resting and contraction state was normalized to 

body weight and thickness change was measured by differ-
ence of thickness between resting and contraction state.

STATISTICAL ANALYSIS
Data were analyzed using “SPSS Inc. Released 2007. SPSS 
for Windows, Version 16.0. Chicago, SPSS Inc.”. The 
normality of the variables was assessed by Shapiro-Wilk test. 
The results showed normal distribution for thickness and 
thickness change of LCo muscle. Thickness of LCo muscles 
at resting and contraction states and thickness change of 
this muscle between resting and contraction state were 
compared between two groups using Independent-Samples 
T test. The correlation between thickness change of LCo 
and CVA was determined using Pearson’s correlation coeffi-
cient. The level of significance was p < 0.05. 

RESULTS
Table I represent demographic data and CVA of the partic-
ipants. Mean and standard deviation of LCo muscle thick-

Figure 2. Ultrasonography image of longus colli muscle in 
resting state (LCo: longus colli, SCM: sternocleidomastoid, 
CA: carotid artery).

Figure 3. Ultrasonography image of longus colli muscle in 
contraction state (LCo: longus colli, SCM: sternocleidomas-
toid, CA: carotid artery).
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Table I. The mean (standard deviation) of demographic data and craniovertebral angle in women with and without FHP (n = 
35 in each group).    

Variable Group Mean (SD) P Value

Age (year)
Control 25.18 (5.52)

0.89
FHP 24.94 (5.13)

Height (m)
Control    1.63 (0.04)

0.87
FHP    1.63 (0.06)

Weight (kg)
Control 60.72 (10.09)

0.81
FHP 60.17 (9.35)

BMI (kg/m2)
Control 22.81 (3.7)

0.81
FHP 22.6 (3.59)

CVA (degree)
Control 54.26° (1.88°)

< 0.001
FHP 43.76° (1.55°)

FHP: forward head posture, BMI: body mass index, CVA: craniovertebral angle.

Table II. The mean (standard deviation) of thickness and thickness change of longus colli muscle in women with and without 
FHP (n = 35 in each group) in mm. 

Variable Group mean (SD) P Value

Thickness of LCo in resting state
Control 12.82 (2.46)

0.8
FHP 12.67 (2.75)

Thickness of LCo in contraction state
Control 15.82 (2.8 )

0.17
FHP 14.89 (2.86 )

Thickness change of LCo
Control    2.99 (1.76)

0.02
FHP    2.22 (0.81 )

LCo: longus colli, FHP: forward head posture, SD: standard deviation.

Table III. Correlation between thickness change of LCo and CVA.

Variable Group
Pearson Correlation coefficient

P Value

Correlation between thickness change of 
LCo and CVA

Control - 0.02 0.9

FHP   0.26 0.12
LCo: longus colli, CVA: craniovertebral angle, FHP: forward head posture.

ness (resting state, contraction state) and thickness change of 
this muscle between resting and contraction state has been 
shown in table II. Correlation between thickness change of 
LCo and CVA is demonstrated in table III.
The results of the present study demonstrated that although 
LCo muscle thickness at resting and contraction state were 
greater in control group than in FHP group but, these 
differences were not significant (p > 0.05). Greater thick-
ness change of LCo muscle between resting and contrac-
tion state was observed in the control group compared 
with FHP group and this difference was significant (p: 

0.02). There was no significant correlation between thick-
ness change of LCo and CVA. 

DISCUSSION
Due to the fact that FHP is one of the most prevalent 
work-related poor postures and musculoskeletal disorders 
(18), in the presented study the authors made an attempt 
to clarify whether there was significant difference in regard 
of performance of LCo muscle between women with and 
without FHP. To the best of the authors’ knowledge, there 
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are limited studies conducted on muscle performance in 
FHP so, the authors cannot compare the results of present 
study with the results of previous studies. In previous stud-
ies the researchers did not evaluate thickness change of LCo 
muscle during CC flexion. Regarding this point that muscle 
thickness change can be informative about muscle behavior 
and function (19), evaluation of this parameter in FHP is 
highlighted. 
In the current study, thickness of LCo muscle in resting 
state, contraction state (50% of maximal isometric contrac-
tion of CC flexion) and thickness change of this muscle 
between resting and contraction state were measured and 
compared between women with and without FHP. The 
results of the presented study showed that there was only 
significant difference in regard of thickness change of LCo 
muscle between resting and contraction state between two 
groups. This finding can represent evidence of altered 
contraction pattern of LCo in FHP. Altered pattern of 
muscle activity of LCo may change imposed loads on cervi-
cal spine and lead to neck pain. 
In the present study authors measured thickness of LCo 
muscle, because this muscle is an important muscle in 
adjusting and maintaining posture of cervical spine and 
controlling cervical lordosis (6) and evaluation of muscle 
thickness is an appropriate index of muscle activity (2). 
The results of current study showed that thickness of LCo 
in resting state in FHP group was smaller than control 
group but, this difference was not significant. This result 
is somewhat consistent with the findings reported by Ishi-
da et al. Ishida et al. measured association between CVA 
and thickness of deep neck flexor (DNF) muscles in healthy 
men. They reported that men with smaller CVAs had small-
er DNF muscle thickness (6). 
Smaller thickness of LCo in resting state in FHP group 
could be attributed to this point that our participants had 
moderate degree of FHP and FHP might not lead to struc-
tural changes in these participants. This finding can also be 
attributed to the participants’ lack of pain, because pain 
is one factor that can lead to muscle atrophy (18). Smaller 
thickness of LCo in FHP group may also be the result of 
disuse of this muscles in daily living with the head translated 
forward in sitting position (6) or dominancy of sternocleido-
mastoid (SCM) muscle in neck flexion movements. 
Thickness of LCo muscle in contraction state was greater 
in control group than FHP group but, this difference was 
not significant. This finding is somewhat in agreement with 
the results of previous studies reported decreased activi-
ty of DNF muscles in FHP (20). In FHP, LCo muscle is 
in mechanical disadvantage and mechanical disadvantage 
decrease ability of this muscle for CC flexion (21). Lower 
activity of muscle can lead to altered muscle size and func-

tion (22). Previous studies conducted on patients with neck 
pain reported smaller cross-sectional area (CSA) of LCo (22), 
altered motor control strategy including reduced activity of 
DNF muscles and increased activity of superficial neck flex-
or muscles (SCM) during CC flexion (23). Increased activi-
ty of superficial neck flexor muscles may be a compensato-
ry mechanism for reduced activity of DNF muscles (24). In 
this study we used 50% of maximum isometric contraction 
of CC flexion because, according to the results of previous 
studies there was not significant changes in muscle thick-
ness in contraction levels above 50% of maximum isometric 
contractions (17).  
In the present study in addition to measuring muscle thick-
ness, we also measured muscle thickness change.  Muscle 
thickness change during CC flexion has been neglected 
in previous studies. This parameter is important because 
muscle thickness change can be informative about muscle 
contraction pattern (24) and more muscle thickness changes 
express more muscle activity (11). Measurement of muscle 
thickness change of cervical muscles can indicate stabilizing 
role of these muscle, because deep neck muscles are more 
active in contraction state relative to resting state to provide 
stability of the cervical spine (19). 
An interesting observation in the presented study was that 
in spite of insignificant difference of LCo muscle thick-
ness between two groups, thickness change of this muscle 
between resting and contraction state was significant-
ly different between two groups. Thickness change of this 
muscle was smaller in FHP group than control group. This 
significant difference highlighted impairment of perfor-
mance of LCo in FHP. FHP alter length and length-tension 
relationship of the neck muscles and can lead to decreased 
force production ability and weakness of LCo muscle (18, 
24). Previous studies indicated that FHP is associated with 
weakness of DNF muscles in patients with cervicogenic 
headache (8).  
Jun et al. measured thicknesses change of the DNF and 
SCM muscles in subjects with and without neck pain 
during CC flexion. The results of this study showed that 
during CC flexion, as pressure increased, control group 
recruited the DNF more than the pain group, while the 
pain group recruited the SCM more (25). In another 
study Hussain et al. investigated differences in thickness 
and contraction ratio of LCo muscle between patients 
with neck pain and healthy subjects. The findings indicat-
ed that patients with neck pain had smaller thickness and 
contraction ratio than healthy subjects (19). These studies 
measured thicknesses change of cervical muscles in neck 
pain but, to the best of the authors’ knowledge there was 
lack of similar studies in FHP to compare the results of 
current study with them.  
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In other study Moghadam et al. investigated CSA of the 
DNF muscles in supine position at rest and during five stag-
es of CC flexion in 18 students with FHP and control group. 
The results of their study showed no significant difference 
between performances of DNF muscles during CC flexion 
in FHP and control group (18). The current study has some 
differences with Moghadam et al.’s study. They measured 
CSA at rest and during contraction while we measured 
muscle thickness change. In addition, position of ultraso-
nography in Moghadam et al.’s study was supine and in the 
current study, authors used sitting position. The results of 
present study are not consistent with the results of Mogh-
adam et al.’s study. This difference can be attributed to the 
different parameter used for comparison between groups. 
Kim et al. in another study compared the immediate effects 
of CC flexion exercise and suboccipital release combined 
with CC flexion exercise on CVA, cervical flexion and 
extension range of motion, and muscle activities of SCM, 
anterior scalene, and splenius capitis during CC flexion in 
subjects with FHP. The results demonstrated that range of 
cervical flexion and extension and CVA were significantly 
greater after suboccipital release combined with CC flex-
ion exercise in comparison with CC flexion exercise alone. 
Muscle activities of SCM, anterior scalene, and splenius 
capitis were significantly lower during suboccipital release 
combined with CC flexion exercise than during CC flexion 
exercise alone across all CC flexion exercise phases except 
the first (20).
An interesting finding in this study was significant difference 
of thickness change of LCo muscle between two groups even 
though the participants in the study reported no current 
neck pain. This means that alteration of muscle perfor-
mance may appear sooner than structural changes.  accord-
ing to the results of the current study, it seems that low-load 
exercises emphasizing motor control is more appropriate 
than strengthening exercises for management of FHP. 
To the best of the authors’ knowledge, this study is the first 
study evaluated thickness change of LCo during CC flexion 
in sitting position in women with and without FHP. The 
results of current study indicated that impaired pattern of 
activity of LCo can lead to impaired performance of LCo in 
subjects with FHP. According to this finding, motor control 

exercise (low load) may be better for management of FHP 
compared with strengthening exercises (high load). The 
current study has a number of limitations that should be 
taken into account when interpreting the results. Our study 
was conducted only on asymptomatic women with moder-
ate degree of FHP; so, the results cannot be generalized 
to symptomatic women and women with severe degree of 
FHP. In addition, only female participants were included in 
the present study, therefore the results may be different in 
men with FHP. Similar studies could be designed to evaluate 
performance of LCo muscle in different degree of FHP to 
measure relationship between performance of LCo muscle 
and degree of FHP. Further studies need to be conducted on 
evaluation performance of LCo muscle in subjects (men and 
women) with severe degree of FHP to better understand 
muscle performance in FHP. Authors also suggest measur-
ing performance of LCo muscle in symptomatic patients 
with FHP (tension type headache, cervicogenic headache, 
neck pain) to evaluate relationship between performance of 
LCo muscle and pain intensity. Current study was a cross 
sectional study, and it is not clear whether impaired perfor-
mance of LCo is the cause or the result of FHP. In addition, 
we were not aware of duration of FHP to evaluate the effect 
of duration of FHP on performance of LCo.   

CONCLUSIONS
In conclusion, the results of the present study indicated 
that individuals with FHP demonstrated different pattern 
of thickness changes of LCo muscle during CC flex-
ion compared with control group. This type of difference 
can indicate different pattern of muscle activity or altered 
motor strategy. Thickness change of LCo muscle can be 
used as a valuable measurement to compare performance 
of this muscle between subjects with and without FHP and 
this parameter may reveal muscle dysfunction better than 
muscle thickness in resting or contraction state. The study 
was conducted according to the journal’s guidelines (26).
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