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SUMMARY
The gut microbiota, a collection of populations of gut microbes, is responsible for 
a range of metabolic, immunological, structural and neurological functions, such as 
maintenance of metabolic homeostasis, development and maturation of the immune 
system, resistance to infection and production of neurotransmitters, microbial dysbi-
osis, defined as a negative alteration in the diversity, structure or function of the gut 
microbiota, appears to contribute to the onset and maintenance of various disease 
states. The gut microbiota appears to be involved in the initiation and progression of 
some inflammatory diseases, and microbial dysbiosis has emerged as a poorly under-
stood risk factor inducing the production of proinflammatory cytokines and bacterial 
metabolites. These may persist and fuel the pathophysiological mechanisms of numer-
ous diseases.
The aim of this study is to provide an overview of musculoskeletal disorders asso-
ciated with gut microbiota dysbiosis and the possibility of treatment through physi-
cal exercise.
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INTRODUCTION
The gut microbiome (GM) is a microbial community, composed 
nearly one hundred trillion microbes (1) also called “the second 
largest human genome” (2). In healthy people, microbiome, 
host, and environment are in a stable dynamic equilibrium; 
when this equilibrium is lost, pathologies can occur.
The normal gut hosts four main classes of microbes: 
1. Actinobacteria;
2. Firmicutes;
3. Bacteroides;

4. Proteobacteria;
with Bacteroidetes and Firmicutes comprising over 90% of 
the phylogenetic categories (3). Examples of gut microbiota 
composition are represented in figure 1.
Every condition that induces GM dysbiosis, such anti-
biotics or inappropriate diet, can expose the host to an 
increased risk of bone loss, inflammatory bowel disease, 
diabetes, and obesity (4, 5).
The symbiotic relationship between the gut microbiota and 
the host is regulated by a complex network of interactions 
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that include metabolic, immune, and neuroendocrine cross-
talk between them. This crosstalk is potentially mediated by 
microbial-synthesized metabolites which exhibit pleiotropic 
effects, including acting as signaling molecules in regulating 
host neuro-immune-inflammatory axes that could physio-
logically link gut with other organs and systems (5, 6).
Many metabolites can contribute to gut microbiota (table I).
Dysbiosis may influence the course of several musculoskel-
etal conditions: osteoporosis, osteoarthritis, sarcopenia, and 
rheumatoid arthritis (18-21).
Gut microbiota dysbiosis is related to lower muscle mass 
and poor physical function (20), the microbiota is closely 

related to bone metabolism and the absorption of nutrients 
and minerals essential to the health of the skeleton (22-23).
The role of microbiota in bone health may bridge the gap 
between bone physiology, gastroenterology, immunology, 
and microbiology (24).
The aim of this study is to provide an overview of the correla-
tion between gut microbiota and musculoskeletal disorders; 
if there is a possibility of positively influencing the putative 
“gut-joint” axis through exercise, to induce a rebalancing of 
intestinal dysbiosis to influence the development of pathol-
ogies and associated risk factors. 

MATERIALS AND METHODS

Search strategy 
• The literature search of the present narrative review was 

conducted according to this protocol:
• gut microbiota.
• Linkage about gut microbiota dysbiosis and pathologies.
• Musculoskeletal disorders associated to gut microbiota.

Literature search 
In December 2022 the following databases were accessed: 
Pubmed, Embase, Scopus, Web of Science, Google Schol-

Figure 1. Composition of major component of GM.

Table I. Functions of metabolites contributed Gut Microbiota.

Metabolites Functions References
Short Chain Fatty Acids
    Acetate
    Butyrate
    Proprionate

Regulate host metabolic pathways 
via G-protein-coupled receptor; 

immunomodulatory effect, gut immunity; 
histone deacetylase (HDAC) inhibitor-
regulation of intestinal cell proliferation

Chambers et al. (7)
Blottiere et al. (8)

Hinnebusch et al. (9)
Siavoshian et al. (10)

Phenolic derivatives
    4-OH phenylacetic acid
    propionic acid
    2-(3,4-dihydroxyphenyl)acetic acid
    5-(3,4-dihydroxyphenyl)valeric acid
    Urolithins

Antimicrobial effects; ability to denature 
proteins, bind (through hydrogen bonds) 

to bacterial proteins, altering their 
structure and compromising their natural 
activity; protective effect against oxidative 

stress; estrogen-modulating effect

Larrosa et al. (11)
Rogovskii et al. (12)
Larrosa et al. (13)

Monagas et al. (14)

Vitamins
    Thiamine (B1)
    Riboflavin (B2)
    Niacin (B3)
    Pantothenic acid (B5)
    Pyridoxine (B6)
    Biotin (B7)
    Folate (B11-B9)
    Cobalamin (B12)
    Menaquinone (K2)

Enzymatic cofactor for diverse biochemical 
reactions; immune functioning; DNA 
regulation, production of nucleotides 

vitamins and amino acids

Forster et al. (15)
Boughanem et al. (16)

Lerner et al. (17)
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ar. The following keywords were used in combination: gut 
microbiota, musculoskeletal disorders, osteoporosis, rheu-
matoid arthritis, osteoarthritis, dysbiosis, probiotics, prebi-
otics, exercise, sarcopenia, frailty syndrome, human genome, 
immune system, postmenopausal disorders, SCFAs, inflam-
matory mediators. If title and abstract matched the topic, 
the full text was accessed. The bibliographies of the full-
text articles were also screened for inclusion. Disagree-
ments were solved by a third author (FO). All the articles 
that investigate possible association between gut microbiota 
and musculoskeletal pathologies were considered. Accord-
ing to the authors language capabilities, articles in English, 
French, German, Italian, and Spanish were considered.

DISCUSSION
Based on the published literature, a review has been carried 
out on the various musculoskeletal (MSK) pathologies asso-
ciated with gut microbiota. Studies on composition of gut 
microbiota have shown a more or less marked role on devel-
opment of MSK pathologies. Osteoporosis and osteoarthri-
tis seem to be the two major musculoskeletal pathologies 
associated with alterations of gut microbiota, given the role 
on immune system.

Immune system and bone 
The immune system is central to bone mineral density control 
under abnormal conditions. Approximately 8%-20% of 
bone marrow mononuclear cells are lymphocytes, with 
a T cell/B cell ratio of 5:1 (25). Approximately 1% of the 
bone marrow mononuclear population are plasma cells, 
which can produce antibodies. Approximately one-third 
of CD4+ T cells are CD4+CD25+  regulatory T (Treg) cells 
(26),  and the CD4/CD8 ratio in the bone marrow is 1:2, 
which is inverted as compared to both peripheral lymph 
nodes and the blood (27-19). In addition to T cells, there 
are 1%-2% CD11c+ dendritic cells (30) and 0.4%-4% natu-
ral killer T (NKT) cells in bone marrow (31, 32). Therefore, 
bone marrow contains substantial amount of immune cells. 
Altogether, bone marrow is a lymphoid organ which may 
play a key role in immunity.
Dysbiosis is associated with gut barrier alterations that 
promote the dissemination of bacteria and of the factors 
they produce. The gut barrier is altered in both inflammato-
ry joint disease and estrogen deficiency (33-35). In both situ-
ations, the alterations are accompanied by enhanced CD4+ 
T-cell activation and increased production of the proin-
flammatory and osteoclastogenic cytokines IL-17, TNF-α, 
IL1-β and RANKL (33, 36). By modulating the gut immune 
response, dysbiosis also alters monocyte and lymphocyte 
migration to tissues, including the bone marrow (figure 2).

Osteoporosis and gut microbiota
Osteoporosis is a pathology characterized by the loss of 
bone density, an increase in osteoclast function, which 
subsequently increases bone resorption, with a correspond-
ing decrease in bone formation and a major risk of bone 
fracture (37-39).
The most prevalent causes of osteoporosis are menopause 
and age, as the bone remodeling process is regulated by 
estrogen, parathyroid hormone, inflammatory cytokines, 
and vitamin D (40-43).
Human gut microbiota and bone are in a close relationship, 
due to various activity promoting by GM:
• GM mediated the proliferation of colonocytes and entero-

cytes that mediates gut homeostasis and support mineral 
absorption (44).

• Primary role on restoring and maintaining of GM epithe-
lium barrier (45, 46).

• Osteo-immunity is supported through SCFAs (microbi-
ota metabolites). SCFAs inhibiting activation of NFκB, 
reducing autoimmune inflammation. Furthermore, propi-
onate and butyrate (SCFAs) through downregulation 
TRAF6 and NFATc1 metabolically reprogram osteoclast, 
to inhibit osteoclastogenesis and bone resorption (47, 48).

• In dysbiosis state, the immune system’s reaction to micro-
biota stimulation leads to an increase in circulating osteo-
clastogenic cytokines through the action of T-cells (49, 50).

Osteoarthritis and gut microbiota
Osteoarthritis (OA) is a chronic degenerative disorder, 
characterized by loss of articular cartilage and periarticular 
bone remodeling (51). OA causes joint pain, typically worse 
with weight-bearing and activity as well as can manifest with 
stiffness after inactivity (52, 53). It can present as localized, 
generalized or as erosive osteoarthritis (54, 55).
EBM suggest a correlation between OA and gut microbio-
ta, through proinflammatory mediators such as LPS (lipo-

Figure 2. Major alterations inducted by GM dysbiosis on 
bone and bone marrow.
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polysaccharides) in animals with OA (56) and in humans 
too (57, 58).
Huang et al. (57) support a role for LPS in the pathogenesis 
and severity of structural abnormalities and symptoms of knee 
OA, linked by activation of macrophages in knee joint capsule 
and synovium via high levels of serum and synovial fluid LPS.
In Rotterdam study III (59), 1444 patients were enrolled, 
and an association between abundance of microbes in 
the proinflammatory Streptococcus taxa and increased 
WOMAC score was identified (60) (figure 3).

an important role in the cumulative inflammatory burden 
within established RA (68).

Sarcopenia and gut microbiota
Sarcopenia is characterized by a progressive loss of muscle mass, 
function, and physical performance during aging (69, 70). The 
incidence of sarcopenia reaches up to 5-13% in  60-70 years old 
population and 11-50% in those at 80 years or above (71). 
In recent years a consistent role gut microbiota involved in 
pathogenesis of sarcopenia and frailty is increasingly relevant 
(72). Alterations in the gut microbiota composition could 
promote chronic inflammation and anabolic resistance, ulti-
mately conditioning reduced muscle size, impaired muscle 
function and adverse clinical outcomes (73, 74).
The reduction of muscle mass and strength in sarcopenia 
increases with age. Several factors are involved in the devel-
opment of muscle atrophy and age-related sarcopenia:
• Persistent low-grade inflammatory status in the elderly, 

characterized by increased circulating levels of pro-in-
flammatory cytokines, such as TNF-alpha, IL-6, and 
myostatin, defined as “inflammaging”, which increase the 
permeability of the intestinal membrane and cause both 
local and systemic inflammatory effects (74-76).

• Muscle wasting, with a rise in atrogenes expression, muscle 
skeletal proteolysis and mitochondrial disfunction.

• Physical inactivity, with a rise in bone loss and creeping 
fat accumulation and a reduction of VDR expression and 
muscle mass/strength.

The modulation of GM modulation could impact signifi-
cantly on the onset of sarcopenia. 
The administration of Lactobacillus reuteri in mouse models 
of cancer could inhibit the development of sarcopenia and 
increase in muscle weight and fiber size, through an up-reg-
ulation of the transcriptional factor Forkhead Box N1 
(FoxN1) (78).
Supplement of probiotics (Faecalibacterium prausnitzi) 
modified gut microbiota composition and improved intesti-
nal integrity, with an increased muscle mass (79).

Influence of exercise on gut microbial 
composition
Regarding exercise proposals in terms of intensity and 
frequency, regular low-intensity exercise has been found to 
act on the gastrointestinal tract by reducing the transit time 
of feces. This decreases the contact window between patho-
gens and the intestinal mucous layer, assumes a protective 
role for intestinal morphology and integrity by reducing 
COX-2 expression and limiting inflammatory infiltrate, and 
regulates protein activity in response to thermal stress by 
maintaining tight junction integrity and preserving intesti-
nal barrier function (77-79).

Figure 3. Interaction between Lipopolysaccharide and Gut 
Microbiota in Gut dysbiosis.

Rheumatoid arthritis and gut microbiota
Rheumatoid arthritis (RA) is a systemic chronic inflamma-
tory autoimmune disease characterized by painful, swollen 
joints impacting physical function and quality of life (61, 62).
RA has a multifactorial etiology; both genetic and envi-
ronmental factors are known to be involved in pathogene-
sis. Various inflammatory pathways can lead to an altered 
immune system and onset of disease (63, 64). The presence 
of autoantibodies prior to the onset of RA suggest that an 
autoreactive immune response occurs much before the clin-
ical symptoms appear.
Gut microbiota seems to play a key role in the development 
and progression of RA. In concert with the gut-associated 
lymphoid tissue, the gut microbiome is involved in main-
taining immune homeostasis and acts as an indicator of the 
health status of the host (21, 65).
Kohashi et al. (66), in 1970, supported a link between micro-
biota and pathology of arthritis, germ-free-condition-raised 
rats developed severe arthritis with 100% incidence, where-
as conventionally raised rats developed less-severe arthritis 
with an incidence of only 20%.
Gut dysbiosis in RA patients correlates with the depletion of 
Gram-negative bacteria and enrichment of Gram-positive 
bacteria (67, 68).
Chen et al. (67) suggest a role of genus Collinsella in patho-
genesis of RA and in its severity, genus Collinsella playing 
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The human microbial composition tends to remain relatively 
stable over time, showing resilience to perturbations or return-
ing wholly or partially to its previous state after cessation of 
the stimulus, implying that the positive changes of exercise 
must be maintained over a long period to be effective (80).
However, alongside the documented positive effects, nega-
tive aspects related to the microbial physiology of the host 
have also been described, induced by high exercise intensity 
not supported by an adequate level of training or overtrain-
ing syndrome, subverting the role of exercise from benefi-
cial modulator to stressor (81).
Indeed, the hormonal effects of reactive oxidative species 
(ROS) (82) generated by exercise and by specific commen-
sals of the gut microbiota at physiologically normal levels 
promote positive effects by participating in specific signaling 
pathways, while at higher concentrations, reached in the pres-
ence of toxic or pathological conditions, they exert harmful 
effects, whereby the transition from a ‘beneficial’ to a ‘harm-
ful’ response depends on many variables, which also include 
the duration and intensity of the effort and the body’s overall 
antioxidant status (83, 84). In this scenario, excessive exercise 
not proportional to the level of training, as well as inadequate 
recovery exerts a profound impact on oxidative stress, muscle 
damage, systemic inflammation and immune responses, caus-
ing physical and psychological stress to be interconnected to 
the point of performance decline, fatigue, insomnia, anxiety, 
inflammation and immunosuppression (85-87).
To date, there is not yet enough evidence to attest to the frequen-
cy, duration and intensity of exercise sessions to address the 
pathological conditions underlying intestinal dysbiotic states. 
Most of the studies that have obtained significant results have 
been in a range of 4 to 12 weeks, with a protocol favoring care-
fully selected aerobic exercises at an intensity of between 60% 
and 80% of maximum effort (88, 89).   
The benefits of aerobic exercise on the gut microbiota can 
be divided in three distinct categories, evidencing modula-
tion in terms of improvement in each. In particular: 
• Obese adolescents evidence changes in bacterial phylum, 

class and genus. Exercise may modulate inflammatory 
pathways and upregulate the metabolic potential of the gut 
microbiota post-exercise, with protective effects on insulin 
resistance and body composition (78, 90, 91).

• In athletes, exercise results in reduction in stool transit 
time, decrease in the contact window between pathogens 
and the intestinal mucous layer, protection of intestinal 
morphology and integrity and enrichment of the diversity 
of intestinal microflora improving sports performance (79).

• Finally, in post-menopausal women, an active lifestyle 
appears to prevent and counteract the negative effect of 
the estrogenic decline associated with the climacteric peri-
od and age-related cognitive decline through an improve-

ment in mitochondrial oxidative capacity and reduced 
expression of inflammatory cytokines (92).

The potential mechanisms by which exercise appears to 
perturb the gut microbiota in ameliorative terms can be 
traced back to the fact that, as the gut-associated lymphoid 
tissue contains the majority of the body’s immune cells, exer-
cise alters the gene expression of intra-epithelial lympho-
cytes, reducing pro-inflammatory cytokines and increas-
ing anti-inflammatory cytokines and antioxidant enzymes, 
with the result of mediating host-microbe homeostasis 
(72, 93, 94).
Similarly, exercise increases core temperature, particularly 
when performed for long periods, and significantly reduc-
es intestinal blood flow, whereas at rest the latter undergoes 
rapid reperfusion:  trained athletes have lower levels of circu-
lating bacterial endotoxins at rest than sedentary individuals 
and exert a greater heat shock protein response to heat stress, 
the increase of which within the gut prevents the breakdown 
of tight junction proteins between epithelial cells. It is there-
fore plausible that exercise may be counted as a hormonal 
stressor for the gut, stimulating beneficial adaptations and 
maintaining the long-term resilience of the intestinal barri-
er (95-97).
Furthermore, changes in the pool of bile acids (98), power-
ful regulators of the community structure of the gut micro-
biota, the absence of which significantly impairs its diver-
sity, are evident with exercise, as is an increase in the rate 
of turnover of molecules through metabolic pathways via 
skeletal muscle contraction. In turn, this promotes the 
release of myokines, metabolites and neuroendocrine 
hormones that may interact with the gut directly or indi-
rectly via a common interface with the immune system 
(99, 100).
Monda et al. (77) in their study highlighted the importance 
of exercise, that can be used as a treatment to maintain the 
balance of the microflora or to rebalance his eventual dysbi-
osis, thus obtaining an improvement of the health status.
In their review, Bonomini-Gnutzmann et al. (101) found 
that a large part of published literature reported adverse 
effects on the intestinal microbiota when performing endur-
ance exercises, but, at same time other studies found posi-
tive effects with aerobic exercise. 
Overall, therefore, the mutual interplay of these mecha-
nisms appears to be responsible for the adaptation of the gut 
microbiota to training, although further research is required 
to determine the how reciprocal influences are exerted.

CONCLUSIONS
Gut microbiota is implicated in a diversity of physiological 
and pathological MSK processes.
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Exercise has protective effects on musculoskeletal pathol-
ogies given its capacity to balance and return to a eubiosis 
state of Gut microbiota.
Future perspectives should focus on identify an associa-
tion between bacterial phyla involved in a specific muscu-
loskeletal disorder and finding out how to act on specif-
ic phyla through lifestyle changes. For this reason, more 
human studies are needed not only in aged and metabol-
ically unhealthy population, but also in each person with 
a musculoskeletal disorder, to design microbiota-based 
therapeutic approaches that take advantage of the rela-
tionship between gut microbiota, metabolic diseases 
and aging.
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SUMMARY
Background. As a common ailment suffered by runners and athletes, Achilles tend-
inopathy pathogenesis is not well understood. To reveal its cellular and molecular 
changes, universal and standardized method to induce Achilles tendinopathy in animal 
model (in vivo) study should be established. There are 2 major guidelines to induce 
Achilles tendinopathy: run the rats on treadmill without inclination and run the rats 
on treadmill with 10° inclination.
Objective. To compare available Achilles tendinopathy induction procedure hence 
determining the most effective procedure.
Methods. Laboratory experimental animal study (in vivo) with post-test only control 
group approach. 2 procedures to induce Achilles tendinopathy on Wistar rats 
were performed: running at 15 m/min for 180 minutes, and running at 25 m/min 
for 15 minutes with 10° inclination for 60 minutes. Histological changes of Achil-
les tendon were converted into Bonar score while several inflammatory markers such 
as extracellular high mobility group box-1 (HMGB-1), tumor necrosis factor-alpha 
(TNF-α), C-X-C motif chemokine ligand-12 (CXCL-12), and macrophage-2 (M2) 
were measured.
Results. Highest Bonar score was obtained from rats that run at 25 m/min for 15 
minutes with 10° inclination for 60 minutes. Highest level of extracellular HMGB-1, 
TNF-α, and CXCL-12 was also obtained from similar group. This group also showed 
widest M2 coverage area.
Conclusions. Running the rats at 25 m/min for 15 minutes with 10° inclination for 60 
minutes is more effective than running the rats at 15 m/min for 180 minutes without 
inclination to induce Achilles tendinopathy.

KEY WORDS
Achilles tendinopathy; animal model; Bonar score; inflammatory response; treadmill.
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INTRODUCTION
Achilles tendinopathy is a pathological condition frequently 
found in adult with history of overused ankle. About 30% of 
professional runners suffered Achilles tendinopathy, while its 
incidence varies between 7-9% (1). Achilles tendon is the most 

frequent tendon suffering tendinopathy due to competitive or 
recreational sports. Usually, damage occurs 2-7 cm above calca-
neal insertion (2). Achilles tendinopathy can become perma-
nent ailment and inhibit daily activities or athletic carrier. Achil-
les tendinopathy happens to 37/100,000 European population, 
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including young adult (37-44 years old) (2). Achilles tendinop-
athy manifest as chronic activity related pain, tenderness, local-
ized edema, and decrease dorsiflexion of the ankle. But these 
symptoms are not always present in all case. Certain study 
performed in Tor Vergata University Hospital at 2018 showed 
that the majority of population who suffered Achilles tendinop-
athy did not present any symptoms related to Achilles tendon 
dysfunction (3). Most cases were detected after thorough evalu-
ation of ankle radiographs. 
Extrinsic factors related to Achilles tendinopathy included 
physical exercise, repetitive loading, improper workout tech-
nique, shoes, and uneven running track (4). Intrinsic factors 
related to Achilles tendinopathy included elderly age, anatom-
ical variation of leg, leg length discrepancy, joint laxity, muscle 
weakness, overweight, and systemic abnormalities (5). Over-
used Achilles tendon caused microtrauma which induces colla-
gen degradation and tenocytes transformation, both induced 
inflammatory responses.
As mentioned before, systemic abnormalities and overweight 
is one of the risk factors of Achilles tendinopathy. It has been 
identified that Achilles tendinopathy is common among patient 
with obesity or diabetes mellitus, either type 1 or type 2 (2, 6, 7). 
Obesity increases mechanical loading on Achilles tendon espe-
cially during running. Higher mechanical loading means higher 
catabolism of collagen fiber and extracellular matrix. In people 
with obesity, the catabolism of collagen fiber and extracellular 
matrix is too high to be compensated by normal anabolism. 
Higher rate of proteoglycans catabolism leads to swelling due 
to water retention and increases metalloproteinases expression. 
It also releases inflammatory molecules such as inteleukin-1β. 
Previous study performed in Italy in 2012 showed 23.8% 
people with obesity suffered Achilles tendinopathy (P-value = 
0.007) (6).
In patients with diabetes mellitus, hyperglycemia reduces 
tendon homeostasis and induces vascular hyperplasia, disorga-
nized collagen and altered viscoelastic properties (7). Previous 
study performed at several orthopedic center in Italy during 
2021 (2) showed 28% patients with diabetes mellitus, either 
type 1 or type 2, suffered Achilles tendinopathy. 
Based on several information mentioned before, we can assume 
that inflammation is the origin of Achilles tendinopathy. Recur-
rent exposure to inflammatory response due to tendon overuse 
induces degenerative change in the tissue of Achilles tendon. 
Tendon overuse induces microtrauma hence releases cytokine 
and chemokine. Microtrauma also degrades collagen matrix, 
stimulates neovascular formation, and triggers apoptosis of 
tendon tenocytes. During its apoptosis, tenocyte release high 
mobility group box 1 (HMGB-1) protein as damage-associat-
ed molecular patterns (DAMPs) (8). HMGB-1 induces toll-like 
reseptor-4 (TLR-4) on the surface macrophage and other cells to 
produce inflammatory cytokine and chemokine using NF-κB 

pathway. There are 2 pathways of NF-κB: canonical pathway 
which produces inflammatory cytokine especially tumor necro-
sis factor-alpha (TNF-α) and non-canonical pathway which 
produce several chemokines such as C-X-C motif chemokine 
ligand 12 (CXCL-12) which attracts cellular components of 
immune response and maintains inflammation.
Prolonged inflammatory response alters the tissue morpholo-
gy of Achilles tendon. Prolonged inflammation, including over 
expression of macrophage 2 (M2) disturbs physiological heal-
ing process, inducing degenerative changed (9). The tendon is 
noticeably thicker and stiffer, collagen fiber was disorganized, 
cells nuclei were more ovoid, hypercellularity of muscle cell 
and tenocyte was noted, increased neovascularization can be 
observed, and ground substance such as elastin was noticeably 
denser (9, 10). This transformation could be measured using 
Bonar score, universal standard for tissue transformation in 
Achilles tendinopathy. Prolonged inflammatory response also 
increases macrophage 2 differentiation and infiltration in the 
tendon. It repeatedly heals the tendon but also prolongs the 
inflammation (11).
To understand Achilles tendinopathy and produce proper ther-
apy for it, study on animal model is required. But standardized 
method to induce Achille tendinopathy on animal model has 
not been settled yet. Some methods like collagenase injection or 
microincision induce sudden profound inflammatory response 
on the tendon, hence not represent the actual gradual process of 
Achilles tendinopathy. The most acceptable method was to run 
the animal model on a treadmill with certain velocity and dura-
tion. But there is diverse velocity and duration used in several 
studies. In certain study, the animal shall run at 15 m/minute 
for 180 minutes (12), while on the other study the animal shall 
run at 25 m/minute for 60 minutes (13). Other study applied 
inclination on the treadmill (14, 15), while the others not. But 
among several methods proposed, none has been declared as 
the most effective.
This preliminary study aims to evaluate prior Achilles tendinop-
athy induction methods to determine the most effective meth-
od. Bonar score will be used as prominent indicator while other 
molecular variable support inflammatory evidence.

METHODS

Animal model preparation and 
tendinopathy induction
Male Wistar rats (Rattus norvegicus), 2 months old, 250 grams, 
were chosen as animal model. The rats were obtained from 
Bioscience Laboratory, Brawijaya University, Indonesia, and 
adjusted in new environment for 2 weeks. Ethical clearance 
was approved by Health Research Ethics Committee Faculty 
of Medicine, Brawijaya University (23/EC/KEPK-S3/02/2022 
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– Date of approval: 04 February, 2022) and the methods were 
carried out in accordance with the approved guidelines.
To induce tendinopathy on Achilles tendon, the rats were 
made to run on treadmill. 27 rats were divided into 3 groups: 
(i) negative control group, 9 rats without any intervention; 
(ii) 9 rats that run at 15 m/min for 15 minutes on the first 7 
days, then increased to 15 m/min for 180 minutes on week-
days (5 days) for 3 weeks; and (iii) 9 rats that run at 25 m/
min for 15 minutes with 10° inclination on the first 7 days, 
then increased to 25 m/min for 60 minutes on weekdays (5 
days) for 3 weeks. After 4 weeks of tendinopathy induction 
procedure, the rats were sacrificed using ketamine injection. 
The right Achilles tendon was submerged in phosphate 
buffer saline for cross-section area measurement and ELISA 
procedure while the left Achilles tendon was submerged in 
formalin 10% solution for histopathology slide preparation.

Cross-section area of Achilles tendon 
measurement
After the rats were sacrificed, the right Achilles tendon 
perpendicular axis lengths were measured in proximal 
region, mid region, and distal region. Products of each 
perpendicular length mark the area of respective region. 
CSA is the mean of these 3 regions. 

Evaluating Bonar score
Hematoxylin-eosin staining was performed on histopathol-
ogy slide to facilitate tissue observation. Observation was 
performed under 200 times magnification. Previous publi-
cation (10) was used as guidance for Bonar score. If the score 
is more than 11.6, Achilles tendinopathy could be assumed.

Extracellular HMGB-1, TNF-α, and CXCL-12 
levels measurement
As described in previous publication (12), right Achil-
les tendon in PBS was cooled in 4 °C for 24 hours. Then 
the tendon was homogenized in protein extractor solution 
(Cat No. 17081) as mentioned in its protocol. ELISA kit 
and ELISA reader was used to measure the extracellular 
HMGB-1, TNF-α, and CXCL-12 levels. ELISA kit Cat.
No Cat No. E0257Ra was used to measure extracellular 
HMGB-1 levels. ELISA kit Cat.No. E0764Ra was used to 
measure TNF-α levels. ELISA kit Cat.No. E1538Ra was 
used to measure CXCL-12 levels.

Evaluating M2 differentiation
Immunohistochemical staining was performed to detect 
macrophage 2 differentiation. Antibody CD-163 (Cat.
No. sc-58965) was chosen as macrophage 2 marker (16). 
Immunohistochemical staining system (N-Histofine Simple 
Stain max PO (M), code: 414131F) was used to stain anti-

body-marked tissue and cell. Observation was performed 
under 400 times magnification.

Statistical analysis
Each variable was tested statistically using one-way ANOVA 
when the data was normally distributed and homogenous. 
When the data was not normally distributed or homoge-
nous, it was tested using Kruskal-Wallis.

RESULTS

Cross-section area of Achilles tendon after 
tendinopathy induction
This study showed higher cross-section area on running rats 
compared to control (figure 1). Highest cross-section area was 
found in group (iii), 5.0 mm2. Statistical analysis showed no signif-
icant difference among the groups, proved by P-value = 0.273.

Figure 1. Cross-section area of Achilles tendon from each group.

Bonar score of Achilles tendon after 
tendinopathy induction
This study showed higher Bonar score on running rats 
compared to control (figure 2). Highest Bonar score was 
found in group (iii), 12.6 (figure 3). Statistical analysis 
showed significant difference among the groups, proved by 
P-value < 0.001. Post-hoc analysis shows significant differ-
ence between group (ii) and group (iii), proved by P-val-
ue = 0.008.

Extracellular HMGB-1 level of Achilles tendon 
after tendinopathy induction
This study showed no difference between group (i) and 
group (ii), with HMGB-1 levels 1.2 ng/L. The HMGB-1 
level in group (iii) is 1.9 ng/L (figure 4). Statistical analysis 
showed significant difference among the groups, proved by 
P-value < 0.001. Post-hoc analysis shows significant differ-
ence between group (ii) and group (iii), proved by P-val-
ue = 0.003.



14 Muscles, Ligaments and Tendons Journal 2023;13 (1)

Perfecting Achilles Tendinopathy Inducement in Animal Model with BONAR Score

TNF-α level of Achilles tendon after 
tendinopathy induction
This study showed higher TNF-α levels in running rats 
compared to control rats. Highest TNF-α levels found in 
group (iii), 77.4 ng/L (figure 5). Statistical analysis showed 
significant difference among the groups, proved by P-val-
ue < 0.002. Post-hoc analysis shows significant differ-
ence between group (ii) and group (iii), proved by P-val-
ue = 0.010.

Figure 3. Bonar score from each group.

Figure 4. Extracellular HMGB-1 levels from each group.

CXCL-12 level of Achilles tendon after 
tendinopathy induction
This study showed higher CXCL-12 levels in running rats 
compared to control rats. Highest CXCL-12 levels found 
in group (iii), 109.4 ng/L (figure 6). Statistical analysis 
showed significant difference among the groups, proved by 
P-value < 0.017. Post-hoc analysis shows significant differ-
ence between group (ii) and group (iii), proved by P-val-
ue = 0.048.

Figure 5. TNF-α levels from each group.

Figure 6. CXCL-12 levels from each group.

Figure 2. Histopathology observation of rats Achilles tendon; 1: 
nucleus, 2: collagen, 3: vascular; 4: ground substance (black). 
(A-C) come from group (i); (D-F) come from group (ii); (G-I) come from 
group (iii).



15Muscles, Ligaments and Tendons Journal 2023;13 (1)

Henry ricardo Handoyo, MoHaMad Hidayat, teguH WaHju Sardjono, et al.

M2 differentiation of Achilles tendon after 
tendinopathy induction
This study showed wider M2 covered area in running rats 
compared to control rats (figure 7). Widest M2 covered 
area was found in group (iii), 15.7% (figure 8). Statistical 
analysis showed significant difference among the groups, 
proved by P-value < 0.001. Post-hoc analysis shows signif-
icant difference between group (ii) and group (iii), proved 
by P-value = 0.008.

DISCUSSION
As one of the most frequent diseases suffered by athletes, 
Achilles tendinopathy’s pathogenesis was not well under-
stood. It has been concluded that tendons overuse is the main 
source of Achilles tendinopathy, but the molecular and cellu-
lar aspect of Achilles tendinopathy has not been defined thor-
oughly. There are several changes occurred such as increasing 
inflammatory immune responses, collagen fiber degradation, 
and cellular transformation (10, 17). Dysregulation of matrix 
metalloproteinase 7 and matrix metalloproteinase 3 also has 
been proposed as pathogenesis of Achilles tendinopathy (18). 
Some study also mentioned transformation of tenocyte in 
Achilles tendinopathy where the tenocyte tends be to more 
ovoid, produces more proteoglycans, and seems like chondro-
cyte (18). Therefore, more advanced and deeper study must 
perform especially in vivo. In vivo study enables easier tissue 
observation and protein measurement compared to clinical 
research because it does not require patient’s agreement. 
Bonar score has become standardized criteria to evaluate micro-
anatomy changes in Achilles tendon. As mentioned in previous 
study, Bonar score represents pathological tissue transformation 
due to tendon overuse or tissue damaged including abnormal 
cellular morphology, collagen disarrangement, hypercellularity, 
increasing vascularity, and ground substance appearance (10). 
Higher Bonar score indicates worse damage on tendons tissue. 
But there are so many protocols performed to induce Achilles 
tendinopathy on animal model. Most procedure performed by 
running the animal model, usually rats, on the treadmill, but 
some applied certain inclination on the treadmill (14, 15) while 
the others did not (12). The result of these studies is varied. 
Although not using Bonar score as primary indicator, a study 
performed in Pittsburgh University (12), where the rats run on 
horizontal treadmill machine at 15 meters/minute velocity for 3 
weeks (50 minutes each day) without inclination, showed great-
er inflammatory response on Achilles tendon of running rats 
compared to control group, proven by higher concentration of 
prostaglandin-2. On another study, performed in University of 
British Columbia (15), where the rats were made to run in uphill 
treadmill machine (10° inclination) at 1 kilometer/hour velocity 
for 12 weeks (60 minutes each day), showed significant tissue 
degradation on running rats compared to control group, prov-
en by more conspicuous tenocyte and degrading collagen fibers 
in running rats. Other study performed in Indiana University 
(14), also applied certain inclination on the treadmill. The inter-
vened rats were run on treadmill with 15° inclination, 25 meters/
minutes velocity for an hour, 5 days a week during 9 weeks 
observation period. Interestingly there is no significant differ-
ences among their tendon tissue compared to control group.
Another popular method to induce Achilles tendinopathy on 
animal model is collagenase injection directly into the animal 

Figure 7. Immunohistochemical staining of rats Achilles 
tendon, brown color shows M2 coverage area.
(A, B) come from group (i); (C, D) come from group (ii); (E, F) come 
from group (iii).

Figure 8. M2 covered area from each group.
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ankle. This method is very preferable because tendon degra-
dation of the animal model can be observed in short period. 
On study performed at Shantou University Medical College 
(19), collagenase injection on rats Achilles tendon resulted in 
stiffer collagen fiber and degrading tissue of Achilles tendon 
compared to control group. Similar results can be found in 
certain study performed in IRCCS Galeazzi Orthopedic Insti-
tute (20) where disorganized collagen matrix and increased 
number of rounded cell could be found on collagenase 
injected rats.
However, our study did not adopt collagenase injection meth-
ods out of actual Achilles tendinopathy pathogenesis consid-
eration. Achilles tendinopathy is caused by gradual overuse of 
Achilles tendon during running instead of sudden degradation 
of matrix due to collagenase. We preferred to simulate actual 
pathogenesis of Achilles tendinopathy by running the rats on 
the treadmill.
Our study showed higher Bonar score in the group of rats that 
run on the treadmill with 10° inclination which indicates signif-
icant tissue transformation in the inclination-group. Compared 
to our study, previously mentioned study performed in Indi-
ana University, Indianapolis (14), showed different results. 
Our study, instead, showed more similar results with study 
performed in University of British Columbia  (15). Like our 
study, several changes observed in those studies were nucleus 
morphology, collagen arrangement, and tenocyte cytoplasm.
Our study also showed wider cross-section area (CSA) of 
running rats compared to control group. As mentioned in 
previous systematic review published at 2022 (21), tendon 
connective tissue involvement plays important role in Achilles 
tendinopathy pathogenesis. Wider CSA is formed as an adapta-
tion towards repetitive overload. Normally repetitive overload 
induced increasing tenocyte and collagen fiber of tendon. But 
if the repetitive overload was excessive, collagen fiber forma-
tion would not be unable to keep up with tenocyte production 
and producing stiffer and wider tendon (21).
Running the rats on the treadmill as an attempt to induce Achil-
les tendinopathy also increases several inflammatory markers. 
As previously mentioned, study performed at Mechano-Biol-
ogy Laboratory of University of Pittsburg, Pennsylvania (7), 
showed increasing level of HMGB-1 and prostaglandin E-2 
(PGE-2). It also showed increasing level of matrix metallopro-
teinase-3, important matrix-degrading enzyme. Our study also 
showed increasing levels of HMGB-1, especially in the incli-
nation-group (iii). But, instead of measuring PGE-2, which 
directly involves in inflammatory response, our study measures 
the level of TNF-α and CXCL-12 which induces and enhanc-
es PGE-2 synthesis respectively. Our study showed increasing 
level of TNF-α and CXCL-12, proving inflammatory response 
in running rats. Increasing TNF-α and CXCL-12 also prove 
NF-κB pathway involvement either the classical pathway 

and non-classical pathway, respectively. In accordance with 
our results, previous study performed in University of Sale-
mo, using tendinopathy induced human tendon tissue (18), 
also showed increasing inflammatory marker such as TNF-α, 
IL-1β, and IL-6. Interestingly, TGF-β (tumor growth factor 
β) also increased in this model, indicating tissue recovery. But 
the recovery could not be performed optimally, hence TGF-β 
induced tendon deformity such as pathologically thickening 
and stiffness.
Interesting comparison and greater insight can be found from 
study performed in Liege University, Belgium (22). In this study 
the rats were made to run on treadmill with 17 meters/minutes 
velocity for 1 hours, 3 days a week during 5 weeks observation 
period. Magnificently, this study compared the results from 3 
different group: U group or negative control, C group which 
the rats run on uphill track with 15° inclination, and E group 
which the rats run on downhill track which 15° declination. 
That study showed worse condition of Achilles tendon tissue 
during hematoxylin-eosin slide observation obtained from the 
rats from E group. The rats which run downhill have more 
neovascularization and larger CSA compared to the ones who 
run uphill. Macrophage observation and inflammatory mark-
ers for similar method (running downhill), as in that study, will 
be our top priority for further research.

CONCLUSIONS
This study proved that running at 25 m/minute for 1 hour 
with 10° inclination was the most effective tested method 
to induce Achilles tendinopathy on rats as animal model. 
Highest Bonar score obtained from rats which run 25 m/
minute for 1 hour with 10° inclination for 1 hour or group 
(iii). Inflammatory markers also showed highest levels on the 
aforementioned group. Hence this method can be consid-
ered as preferred method for inducing Achilles tendinopathy. 
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SUMMARY
Background. Shoulder pathologies are increasingly common in the worldwide popu-
lation. Total shoulder replacement procedures grew significantly in the last ten years. 
Based on the diagnosis, shoulder conditions can be treated with different surgical 
implants, such as shoulder hemiarthroplasty (HA), total anatomic shoulder arthro-
plasty (TSA), and reverse shoulder arthroplasty (RSA).
Materials and methods. Data from Italian Register of Arthroplasty (RIAP) from 2018 
to 2020 of the Campania region were collected to perform this investigation.
Results. Between 2018 and 2019 an increase of 18.3% in shoulder replacement surger-
ies was reported by a total of 35 different hospitals in Campania. However, in 2020 the 
number of shoulder arthroplasty decreased of 21.3%. Proximal humeral fractures and 
their sequelae were reported as an indication for shoulder arthroplasty with an increas-
ing rate of +10.3%. While the indication most frequently reported was rotator cuff 
arthropathy with and increasing of +15.4% between 2018 and 2019.
Conclusions. Shoulder interventions are becoming increasingly common. Reverse 
shoulder arthroplasty has been the most performed in Campania during the last three 
years in patients with rotator cuff arthropathy. 
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Shoulder arthroplasty; total; reverse; anatomical; hemiarthroplasty; revision surgery.
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INTRODUCTION
Shoulder pathologies are increasingly common in the 
worldwide population (1). Osteoarthritis (OA) of the gleno-
humeral joint represents the first cause of joint replace-
ment. Indeed, shoulder arthroplasty is usually performed in 
patients with OA, complex fractures of the proximal humer-
us, osteonecrosis, and massive and irreparable tears of the 
rotator cuff associated with a severe arthropathy (2-5). The 

incidence of these diseases is exponentially higher in patients 
older than 50 years, with greater prevalence in women (2, 6). 
Several epidemiological studies have been published during 
the last twenty years. From 2002 to 2011 the Nationwide 
Inpatient Sample database of the United States reported 
an incidence of shoulder arthroplasty with an increase of 
267% (7). Although shoulder arthroplasty is less common-
ly performed than hip and knee arthroplasty, total shoul-
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der replacement procedures grew significantly in the last ten 
years (8, 9). Based on the diagnosis, shoulder conditions can 
be treated with different surgical implants, such as shoulder 
hemiarthroplasty (HA), total anatomic shoulder arthroplas-
ty (TSA), and reverse shoulder arthroplasty (RSA) (10-12). 
The aim of the current study is to retrospectively report the 
incidence of different types of shoulder arthroplasty, such 
as HA, TSA, RSA, and revision arthroplasty in a southern 
Italy region population. Furthermore, we investigated the 
relationship among the choice of implant and the diagnosis 
in more than twenty different hospitals. 

MATERIALS AND METHODS
Recently, some regions organized data and collected them 
individually in a common project called RIAP, producing a 
single annual report. The collected data are anonimous, no 
demographic or personal information is retrievable from the 
registry. One of the authors (SL) was allowed to access and 
investigate the regional report and anonimously performed 
the data analysis. Data from Italian register of arthroplas-
ty (RIAP) from 2018 to 2020 of the Campania region were 
collected to perform this investigation. The anonymous data 
included the number of shoulder arthroplasty performed, 
type of shoulder arthroplasty (reverse, total anatomical 
arthroplasty, hemi arthroplasty, revision arthroplasty), diag-
nosis and surgical approaches. The indications for primary 
shoulder arthroplasty were acute fractures, concentric osteo-
arthritis, eccentric osteoarthritis, inflammatory arthritis, ante-
rior shoulder instability, osteonecrosis, rotator cuff arthrop-
athy, dislocation, revision. In some cases, the indication was 
unknown and was marked as other in a column. The primary 
outcome variable of this study was the incidence of shoulder 
arthroplasty performed in the population of the Campania 
region for the years 2018, 2019, 2020. The second outcome 
was to evaluate the commonest indications to treatment and 
the preferred surgical approach. Incidence of the surger-
ies per 100,000 person-years was calculated by dividing the 
annual number of interventions by the size of the population 
aged ≥18 years in the end of the year in question, multiplied 
by 100,000. The population ranging from 5.740.291 (year 
2018), to 5.712.143 (year 2019), to 5.624.260 (year 2020). 

RESULTS 
The number of all the procedures during the 3-year study 
period was 1653. Out of 1653, 531 procedures (32%) were 
performed in 2018, 628 (38%) were performed in 2019, 
and 494 (30%) procedures in 2020. Incidence rates were 
calculated using the annual adult population size during the 
study period. 

Table II. Diagnosis and indications for shoulder arthroplasty.

                                                                    Diagnosis

2018 2019 2020

Acute fractures (%) 136 (39) 153 (24) 150 (30)

Fracture sequelae (%) 18 (4) 22 (3) 25 (5)

Primary OA (%) 22 (4) 24 (4) 10 (2)

Rotator cuff 
arthropathy (%)

231 (43.5) 232 (37) 227 (46)

Osteonecrosis (%) 2 (0.4) 2 (0.3) 6 (1)

Dislocation (%) 1 (0.2) 1 (0.1) 4 (0.8)

Table I. Shoulder replacement performed in 2018, 2019, 
and 2020 in Campania. Baseline description of the choice of 
implants.

                                                                       Implants

2018 2019 2020

Hospitals (n) 35 35 35

Shoulder procedures 531 628 494

Reverse Shoulder 
Arthroplasty RSA (%)

396 (74.6) 457 (73) 448 (90)

RSA cemented (%) 64 (16) 13 (3) 4 (1)

RSA non cemented (%) 332 (84) 444 (97) 444 (99)

Total Anatomic Shoulder 
Arthroplasty TSA (%)

23 (4.3) 18 (3) 14 (3)

TSA cemented (%) 7 (30.5) 0 0

TSA non cemented (%) 16 (69.5) 18 (100) 14 (100)

Hemiarthroplasty HA (%) 34 (6.4) 35 (6) 19 (4)

HA cemented (%) 6 (17.7) 11 (31) 0

Ha non cemented (%) 28 (82.3) 24 (69) 19 (100)

Revision (RSA to RSA) (%) 3 (43) 5 (55)

Revision (TSA to RSA) (%) 1 (14.5) 1 (11)

Revision (HA to RSA) (%) 7 (87.5) 2 (28) 2 (22)

Revision (RSA to HA) (%) 1 (12.5) 1 (14.5) 1 (11)

The choices of implants and diagnosis through the studied 
period were reported in tables I and II. In more than 90% 
of the reported cases, the surgeons chose a deltoid-pecto-
ral approach. However, different results arose regarding 
the management of the subscapularis tendon. These results 
have been reported in table III. 
During the 2018-2020 period, the number of RSA increased 
and for this reason the difference between the choice of an 
on-lay or in-lay device was studied
and reported in table IV.
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DISCUSSION
This registry study results show an increasing incidence 
of shoulder replacements from 2018 to 2019 in the Italian 
region of Campania, where the number of reverse shoulder 
arthroplasty significantly rose while the hemiarthroplasties 
and anatomical shoulder arthroplasties incidence decreased. 
However, this growing trend stopped in 2020 when the 
number of shoulder surgeries significantly decreased. 
These findings confirm the international trend changes in 
the choice of implant for shoulder replacement expect-
ed from previous studies when considering the 2018-
2019 period (11, 13, 14). In these two years, an increase 
of 18.3% in shoulder replacement surgeries was reported 
by a total of 35 different hospitals in Campania. Unfortu-
nately, in 2020 the increasing trend stopped probably due 
to the COVID-19 pandemic. In Italy and Europe, since 
March 2020 elective surgeries were postponed because of 
the spread of SARS-CoV-2 virus (15). Clement et al. inves-
tigated the rate of patients deferral of elective surgeries in 
April, June, August and September 2020 in UK finding a 
5% deferral rate from patients waiting for elective arthro-
plasties. The main reason for postponing surgeries was the 
perceived risk of contracting the disease, given the older 
age of patients that usually go through joint arthroplasty 
(16). In the current study a decreasing rate of 21.3% of all 
the shoulder arthroplasties performed in 2020 in the whole 
Campania region was reported, compared to the surgeries 
performed in 2019. 

According to our retrospective study, in 2018 the incidence 
of shoulder replacements was 9.25 per 100.000 per person-
years, while in 2019 the incidence was 11 per 100.000 
person-years, with a growing rate of 18.26% compared 
to 2018. Consistently with previous studies, 74.6% (396 
shoulders) of the performed surgeries were RSA with an 
increasing rate of 15.4% from 2018 to 2019, while the 
rate of hemiarthroplasties significantly decreased (-44%) 
between the years 2018 and 2020 (figure 1). 

Figure 1. Changes in the choice of implants for shoulder 
replacement in a 3-year period in Campania.

Table IV. Comparison between two different prostheses 
designs used for RSA. 

                                      Reverse shoulder arthroplasty (RSA)

2018 2019 2020

Inlay (%) 253 (64) 295 (65) 292 (65)

Onlay (%) 143 (36) 162 (35) 156 (35)

Table III. Management of the subscapularis tendon after deltoid-pectoral approach.

                                       2018                                              2019                                               2020

Tenodesis Tenotomy Tenodesis Tenotomy Tenodesis Tenotomy

RSA (%) 218 (55) 90 (23) RSA (%) 154 (34) 130 (28) RSA (%) 165 (37) 144 (32)

TSA (%) 12 (52) 0 TSA (%) 10 (55) 0 TSA (%) 4 (29) 0

HA (%) 7 (21) 4 (12) HA (%) 18 (51) 8 (23) HA (%) 6 (32) 5 (26)

Revision (%) 0 2 (25) Revision (%) 0 6 (85) Revision (%) 0 9 (100)

Previously, Harjula et al. analyzed data from the Finnish 
Arthroplasty Register (FAR) from 2004 to 2015 to inves-
tigate the incidence of primary shoulder arthroplasty, find-
ing that in an eleven-year period the rate of RSA increased 
of 4,500% among the Finnish population (14). This study 
results were consistent with other national registers stud-
ies. Indeed, Lubbeke et al. examined shoulder arthroplasty 
trends of 9 different countries using their national registers, 
finding that the rate of total shoulder arthroplasty was tripled 
in the first decade of the 2000s with a growing use of RSA, in 
particular in Norway (from 12% to 52%) and New Zealand 
(from 2% to 54%) (17). However, few evidence regarding 
shoulder replacement in the Italian population is currently 
available. In only one study, the authors reported data from 
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the Emilia-Romagna shoulder registry, reporting RSA as the 
most frequently performed (59%) between 2008 and 2013 
(17). Recently, Longo et al. investigated the rate of hospital-
ization for shoulder replacements in a 10-years period using 
the National Hospital Discharge Reports (S.D.O.) evaluat-
ing the costs of these procedures in the past ten years and 
for the next decade. Interestingly, the frequency of Italian 
shoulder replacements tripled in the last ten years assess-
ing an overall cost of €625,638,990 for the Italian Health 
System to reimburse. Furthermore, in the following decade 
the predicted costs were doubled as well as the number of 
the expected shoulder replacement procedures (18). During 
the last decade, the indications for shoulder arthroplasty 
have been changing throughout the world (19-21). Consis-
tently with the current evidence, during the three years peri-
od analyzed proximal humeral fractures and their sequelae 
were more frequently reported as an indication for shoulder 
arthroplasty (+10.3%). Ferrel et al. conducted a systematic 
review comparing HA and RSA outcomes in patients who 
suffered from acute proximal humerus fractures, finding an 
improved forward flexion in patients treated with RSA (22). 
RSA has become the most frequently used implant after trau-
ma to avoid the risks of poor outcomes after HA, such as 
tuberosity healing failure due to advanced age, poor bone 
quality, and compromised vascularization (23-28). However, 
the raising use of RSA is closely associated with the increasing 
rate of irreparable rotator cuff tears and rotator cuff arthrop-
athy diagnosis in the middle age population (29-32). In 2018, 
Sellers et al. discussed the indication for RSA in patients with 
massive irreparable rotator cuff tears, showing that, thanks 
to its design, the reverse prosthesis can solve the glenohu-
meral joint pathology and the rotator cuff deficiency (33). 
While performing RSA, surgeons usually must choose wheth-
er to repair or not the subscapularis tendon. In our results, 
surgeons performed a subscapularis tendon tenodesis during 
RSA in most cases. However, this trend has resulted to be 
decreasing through the 2018-2020 period. We found a 24% 
decrease rate in the tenodesis group, while 44% higher rate of 
subscapularis tendon tenotomy between 2018 and 2019, that 
further increased of 11% between 2019 and 2020 (figure 2). 
Recently, this topic has been largely discussed in literature 
(34-36). Corona et al. performed a metanalysis evaluating 
the role of subscapularis tendon repair in lateralized RSAs, 
finding reasonable to perform a tenodesis only when dealing 
with acceptable tissue and without evidence of tendon fatty 
degeneration (12). Indeed, the prosthetic design of RSA can 
guide through the management of subscapularis tendon. As 
stated by Jawa et al., subscapularis repair can play a crucial 
role in shoulder stability in medialized RSA, while in lateral-
ized design prosthesis stability is provided by the tensioned 
deltoid, and subscapularis repair could worsen that tension 

causing alterations in shoulder biomechanics (37). Nowadays, 
several prosthesis designs are available and can be classified 
as Grammont-style prosthesis, a non-anatomical design, that 
improves the deltoid lever arm by medializing the center of 
rotation of the shoulder and giving stability to the implant 
(38). Onlay designed prosthesis are relatively new models 
that cause less humeral distalization and provide more later-
alization, thanks to a shorter neck shaft angle (26). More 
than 60% of the RSA performed in Campania between 2018 
and 2020 were Grammont-style designs (table IV). Howev-
er, Beltrame et al. conducted a prospective study comparing 
inlay and onlay design prosthesis in 46 patients treated with 
RSA, finding similar results except for better active external 
rotation, adduction and extension provided by onlay models 
(39). Previously, Merolla et al. retrospectively evaluated the 
functional outcomes of these two models, finding comparable 
results in terms of range of motion and pain relief. However, 
the onlay configuration prosthesis revealed higher external 
rotation delta scores compared to the Grammont-style RSA, 
probably due to the additional contribution of the glenoid 
bone grafting to external mobility of the shoulder (21). 
This study represents the first attempt to evaluate the chang-
ing trend in shoulder replacement in a southern Italy region 
during a prolonged period of time, based on a National 
Arthroplasty Register. Clearly this work has some limitations. 
First, the Italian registry did not report demographic data of 
the patients, and for this reason statistical comparison about 
age or gender could not be carried out. Furthermore, no 
additional information was given about patients comorbidi-
ties and past medical history, leading to a paucity of informa-
tion about the diagnosis that lead to shoulder arthroplasty. 
This lack of demographic data could limit the understanding 
of a changing trend in the surgeons choice of implant. For 
these reasons further studies are needed to analyze and better 
comprehend the changing trends in shoulder arthroplasty.

Figure 2. Subscapularis tendon management in RSA during 
the 2018-2020 period in Campania.
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CONCLUSIONS
Shoulder replacements are becoming increasingly 
common. Reverse shoulder arthroplasty has been the 
most performed in Campania during the last three years, 
particularly in patients with rotator cuff arthropathy. 
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SUMMARY
Background. The aim of this study was to analyze the concurrent validation between 
the resistance index (RI) obtained by Spectral Doppler (SD) and the vascular resistance 
(VR) calculated by quantifying pixel color intensity of the power Doppler (PD) signal.
Methods. The brachial artery of 30 healthy participants (24.8 yrs; SD = 6.44 yrs) were 
evaluated with SD to automatically obtain RI and with PD to estimate de VR with 
de Pourcelot’s formula from systolic and diastolic peaks. Three assessments were 
performed on each participant, obtaining a total of 90 ultrasound assessments of the 
brachial artery with their respective RI.
Processing and analysis were performed ImageJ software were manually selected and 
extracted from the brachial artery PD images with the highest and lowest signal corre-
sponding to peak systolic and end diastole for each patient. The mean pixel color of 
the image with the highest signal was considered as the peak systolic velocity and of the 
image with the lowest signal as the end-diastolic velocity. 
Results. A high correlation was found between RI and VR (r = 0.92; 95%CI = 0.88 to 
0.95; p ≤ 0.001) so there is a very strong concurrent validity between the two measures, 
and they can be considered equivalents (common variability of 84%).
Conclusions. This new method of analyzing DS by quantifying the color intensity of 
the PD signal pixel is a good predictor of RI and could be useful for VR analysis in 
musculoskeletal tissues where measurement of RI is complicated such in neovascular-
ization in tendinopathies with multiple Doppler signals.
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tance Index; vascular resistance.
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INTRODUCTION
The use of Doppler ultrasound in the assessment of musculo-
skeletal pathologies is becoming increasingly common (1, 2). 
Doppler ultrasound can be used to localize areas of increased 
blood flow and quantify color pixels, which can provide clin-
ically important information, more accurate diagnoses, and 
assessments of response to treatment (3). In tendinopathies, 

it allows locating areas with intratendinous Doppler signal 
(IDS) (4), although we must keep in mind that the presence 
of IDS does not provide relevant data about the tendinop-
athy (5, 6). However, the study of vascular resistance (VR) 
could provide more useful information on tissue status (7, 8).
Currently, the pathophysiological model of the continuous 
model of tendinopathy is assumed (9), in which the degenera-
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tive and reactive process coexist (10), and although this model 
makes little reference to inflammation, some studies have 
observed a coexistence of inflammatory and degenerative 
processes in the development of tendinopathies (7, 11, 12).
Spectral Doppler allows assessment of the type of blood 
flow, low or high resistance, by means of a velocity versus 
time curve that represents the variation of red blood cell 
flow velocity throughout the cardiac cycle. Spectral Doppler 
can be used to measure the degree of resistance to arteri-
al flow originating from the distal microvascular bed, 
expressed numerically with the resistance index (RI). On a 
musculoskeletal level, a RI equal to 1 is considered normal, 
while a lower value could be associated with inflammatory 
processes (7, 13, 14). The RI is provided directly by spectral 
Doppler ultrasound from the Pourcelot formula: 
(peak systolic velocity - end-diastolic velocity)/(peak systolic 
velocity) (15).
For this purpose, the Doppler window is adjusted longitudi-
nally, centered on the vessel lumen and occupying 2/3 of its 
section. IDS seen in tendinopathies may contain vessels with 
a smaller lumen than the Doppler window, so in many cases 
it is not possible to adjust the Doppler window to the size of 
these vessels. In addition, many IDS may appear, complicat-
ing and multiplying the measurement process in the attempt 
to obtain the mean RI of the IDS.
To avoid this problem, some authors have proposed to measure 
the RI in the three intratendinous vessels with the largest 
diameter and to calculate the mean (13, 14, 16) but the large 
number of intratendinous vessels that can be found suggests 
that this methodology is probably not adequate enough to 
reproduce the entire intratendinous vascular resistance. 
The analysis of the IDS through the color pixels not only 
allows quantification of the area of the Spectral Doppler (17), 
but also the establishment of a relationship between pixel 
color intensity scale and flow velocity (18), so it could be used 
to measure the intratendinous vascular resistance through 
the resistance index formula. Contrary to the RI measure-
ment, this procedure would allow its application on any 
number and size of IDS found within the Doppler window. 
Although the intra- and inter-observer reliability of selec-
tion and quantification in Power Doppler mode has already 
been demonstrated (19), there are no studies that have 
analyzed the relationship between the RI provided directly 
by the ultrasonographic device and that estimated from the 
intensity of the color pixels. The consistent validity of the 
latter method would allow its application in tendon hyper-
vascularization.
The aim of this study was to analyze the concurrent vali-
dation between the resistance index obtained by spectral 
Doppler and the vascular resistance calculated by quantify-
ing pixel color intensity of the power Doppler signal.

MATERIALS AND METHODS

Study design and participants
A total of 30 healthy participants with a systolic blood pres-
sure lower than 130 mmHg and diastolic blood pressure lower 
than 80 mmHg and no medical history of pathologies or medi-
cation that could alter blood flow were included for this study. 
Participants were recruited voluntarily at a private physiother-
apy center (Clinica F&C Fisioterapia Avanzada y Neurore-
habilitación, Huelma, Spain) in December 2018. All partici-
pants were informed about the study and signed an informed 
consent document. The study was approved by the Ethics 
Committee of the Catholic University of Murcia (CE111803 – 
Date of approval: November 30, 2018) and follows the rules of 
Muscles, Ligaments and Tendons Journal (MLTJ) (20).

Power Doppler and Spectral Doppler evaluation
The patient was placed in supine decubitus with the right upper 
limb in a comfortable position to image the brachial artery. 
The brachial artery was chosen to test the two methods because 
measurement of the RI in the brachial artery does not offer 
difficulties, since it is a single vessel with a large lumen diame-
ter and allows automatic acquisition of this index by the ultra-
sound scanner itself. In addition, the RI of the brachial artery 
is easily modified by vascular occlusion maintained for 5 min, 
which will generate hyperemia at 1 min after occlusion, with a 
decrease in RI (21). In other words, vascular occlusion of the 
brachial artery allows alteration of the RI recordings, decreas-
ing its value to test the two methods in different situations. 
The examination was performed with two Telemed Smar-
tUS ultrasound scanners (Vilnius, Lithuania) with 7-15 
MHz linear transducers (L15-7L40H-5) and a Riester Mini-
mus III pressure cuff (Jungingen, Germany) placed on the 
most distal part of the participant’s arm (22-24). 
One of the transducers was installed on an articulated arm 
to maintain its static position on the longitudinal plane of 
the brachial artery at the midpoint between the antecubi-
tal and axillary regions. The ultrasound machine, in spectral 
Doppler mode, identified the cardiac cycles, as well as the 
peak systolic velocity and end-diastolic velocity, automati-
cally calculating the RI of the brachial artery.
The second transducer was placed distal to the first and 
transversal to the brachial artery to record the PD. A 
Doppler frequency of 6.7 MHz and a pulse repetition 
frequency of 1.5 kHz were used. The lowest wall filter and 
standardized gain were applied just below the level that 
produced random noise. The setting parameters were the 
same for all patients and minimal pressure was exerted with 
the transducer on the arm to avoid vessel compression. 
Brachial artery occlusion was applied for 5 min distal to 
the ultrasound slices with the pressure cuff, using a pres-
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sure calculated from the systolic arterial pressure +50 
mmHg (23, 25). In this way, endothelium-mediated, nitric 
oxide-dependent ischemia and subsequent reactive hyper-
emia were induced.
At 1 min post-occlusion and coinciding with the vasodilata-
tion generated by hyperemia and therefore a decrease in the RI 
(21, 26, 27), the RI and a 4-seconds video of the transverse PD 
signal to the brachial artery were recorded by the two ultra-
sound scanners at the same time. The location of the ultra-
sound transducers and pressure cuff can be seen in figure 1.
Three assessments were performed on each participant, 
obtaining a total of 90 ultrasound assessments of the brachi-
al artery with their respective RI and 4 seconds videos of the 
PD signal after vascular occlusion. All scans were performed 
by the same sonographer with more than 15 years of experi-
ence in musculoskeletal ultrasound.

Quantification of intratendinous vascular 
resistance with Doppler ultrasonography
Processing and analysis of the videos and images were performed 
by a second investigator using ImageJ software (Version 1.50b, 
National Institutes of Health, Bethesda, MD, USA). After 
image scaling, regions of interest (ROI) were manually selected 
and extracted from the brachial artery PD images with the high-
est and lowest signal corresponding to peak systolic and end 
diastole for each patient. Measurement and image data were 
coded and anonymized to avoid potential bias.

Since the IDS appears in color on a grayscale background, it 
is easy to segment and isolate the region for further quanti-
fication. We used the color threshold plug-in, which allows 
the cutoff point to be manually adjusted with slider bars. 
The flow pattern was assessed by calculating the mean pixel 
color intensity of the previously isolated PD signal for each 
image. The mean pixel color of the image with the highest 
signal was considered as the peak systolic velocity and of 
the image with the lowest signal as the end-diastolic veloc-
ity. These data were transferred to the RI formula, giving a 
value associated with the RV of the brachial artery (figure 2). 

Figure 1. Location of ultrasound transducers and pressure cuff.

Figure 2. Quantification of vascular resistance by pixel color intensity from Power Doppler video with Doppler signal process-
ing and calculation of mean of mean color pixels.
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The reproducibility and reliability of this procedure has been 
previously studied in IDS (19) with a very good intra- and 
interobserver agreement (ICC = 1.92; 95%CI = 0.86 to 0.96).

Sample size
This study has an exploratory aim, so a sample of 30 healthy 
participants were recruited in a non-random, purposive, 
and consecutive manner. 

Statistical methods
Data analysis was conducted with the statistical pack-
age R v.3.6 and JASP Team (2020). JASP (Version 0.14.1) 
(Computer software).
Data were summarized using mean and standard deviation 
and range and quartiles for continuous variables and abso-
lute and relative frequencies for categorical variables. 

Although the sample size allows the assumption of normality, 
multivariate and bivariate normality was explored with the 
Shapiro-Wilks test; in all contrasts the W statistic was near 
to 1.0, so the assumption of normality was finally assumed.
Correlation was assessed with Pearson’s r correlation coef-
ficient (95%CI) and the percentage of shared variability 
between pairs of variables was determined with the coef-
ficient of determination (r2%). In addition, the Vovk-Sell-
ke Maximum p-Ratio was estimated, which provides the 
degree of plausibility evidence for the alternative hypothesis 
(presence of correlation), compared to the null hypothesis 
(no correlation), regardless of the P-values (28).
As a guideline, the following cut-off points will be considered 
for correlations: 0.0 to 0.19 – very weak correlation; 0.2 to 0.39 
– weak correlation; 0.4 to 0.69 – moderate correlation; 0.7 to 
0.89 – strong correlation; 0.9 to 1.0 – very strong correlation. 
In all cases, the significance level was set at p ≤ 0.05.

Table I. Descriptive summary of Doppler parameters.

Parameter Mean SD VC% Min Q1 Median Q3 Max

Area SPV 7520.1 1997.56 27% 3656.0 5980.5 7877.5 9037.0 11383.0

Area FDV 2328.4 1222.99 53% 268.0 1493.3 2152.0 3035.5 6356.0

Color pixel intensity SPV 40.1 9.18 23% 25.7 33.5 38.2 47.1 61.8

Color pixel intensity FDV 21.6 2.75 13% 19.0 19.5 20.8 22.7 31.7

Resistance index 0.82 0.073 9% 0.68 0.76 0.84 0.87 0.96

Vascular resistance 0.44 0.115 26% 0.23 0.35 0.44 0.50 0.69
SPV: Systolic Peak velocity; FDV: final diastolic velocity; SD: Standard deviation; VC%: variation coefficient; Q1: quartile 1; Q2: quartile 2; Min: mini-
mum; Max: Maximum.

Table II. Pairwise correlations between PD color variables and RI.

Pairwise correlation Pearson’s r (95%CI) P-value R2% VS-MPR

RI-VR 0.92 (0.88 to 0.95) ≤ 0.001 84% ≥ 300

Systolic Area-SPV.px 0.39 (0.2 to 0.55) ≤ 0.001 15% 262

Systolic Area-FDV.px -0.018 (-0.37 to 0.03) 0.09 3% 1.7

Systolic Area-RI 0.53 (0.36 to 0.67) ≤ 0.001 28% ≥ 300

Systolic Area-VR 0.57 (0.41 to 0.69) ≤ 0.001 32% ≥ 300

Diastolic Area-SPV.px 0.27 (0.07 to 0.45) 0.010 7% 7.8

Diastolic Area-FDV.px 0.61 (0.47 to 0.73) ≤ 0.001 38% ≥ 300

Diastolic Area-RI -0.04 (-0.24 to 0.17) 0.073 0% 1.0

Diastolic Area-VR -0.02 (-0.23 to 0.19) 0.85 0% 1.0

SPV.Px-RI 0.72 (0.61 to 0.81) ≤ 0.001 52% ≥ 300

SPV.Px-VR 0.85 (0.78 to 0.9) ≤ 0.001 72% ≥ 300

FDV.Px-RI -0.2 (-0.39 to 0.01) 0.06 4% 2.3

FDV.Px-VR -0.15 (-0.34 to 0.06) 0.16 2% 1.2
RI: resistance index; VR: vascular resistance; SPV.px: mean color pixel intensity in systolic peak of velocity; FDV.px: mean color pixel intensity in final 
diastolic velocity. Vovk-Sellke Maximum p-Ratio: based on the P-value, the maximum possible odds in favor of H1 over H0 equals 1/-e p (log(p)) for p ≤ 
0.37. Values close to 1 indicate no favored H1.
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RESULTS
Thirty participants (16 women (53%), mean age = 24.8 
years; SD = 6.44 years) were included in this study. A 
descriptive summary of variables is shown in table I.
The correlations between variables of interest obtained 
from IDS, RI and VR are shown in table II, and figure 3. 
Ahigh correlation was found between RI and VR (r = 0.92; 
95%CI = 0.88 to 0.95; p ≤ 0.001) so there is a very strong 
concurrent validity between the two measures, and they can 
be considered equivalents (common variability of 84%).
We found interesting moderate correlations between the 
Doppler area at the systolic peak with respect to IR (r = 
0.53; 95%CI = 0.36 to 0.67; p ≤ 0.001) and RV (r = 0.57; 
95%CI = 0.41 to 0.69; p ≤ 0.001) in a similar way, but no 
correlation with respect to the area in diastole. 
Similarly, a strong correlation was found between the mean 
intensity of color pixels in systole with respect to RI (r = 0.72; 
95%CI = 0.61 to 0.81; p ≤ 0.001) and RV (r = 0.85; 95%CI 
= 0.78 to 0.90; p ≤ 0.001), but not with respect to diastole.

DISCUSSION
No other studies have been found that correlate RI with other 
methods of measuring VR, so the results obtained cannot be 
compared. Regarding the correlation between VR calculat-

ed by quantifying the color intensity of the pixels of the PD 
signal and the RI measured at the same time and over the 
brachial artery, it was observed that there is a positive correla-
tion, that is, the higher the value of VR, the higher the RI. 
It is difficult to think that the mean raw pixel color of the PD 
signal correlates with the flow velocity, because there are differ-
ent filtering and interpolarization algorithms to represent the 
image that can distort the results. Moreover, this study used 
the PD mode, which encodes the amplitude of the signal by 
the number of red blood cells that are moving, which provides 
information on the amplitude of the IDS, as opposed to Color 
Doppler which encodes the average of the velocities.
This issue could further complicate this correlation because 
the RI is calculated with flow velocity data and the PD provides 
information on intensity. Although the results obtained in this 
study have been very good, it would be interesting to study 
the correlation of this methodology applied on the color IDS. 
However, in relation to the RI and given that it is a relative 
index, it seems that the two types of measures are equivalent.
In 1995, Delorme studied the relationship between the 
mean pixel color of the color Doppler and flow velocity 
(18). The limitations of this modality of ultrasound are relat-
ed to the interpolation algorithms used by the ultrasound 
machine itself when low levels of color Doppler are used, 
giving erroneous low values for the mean pixel color value. 

Figure 3. Regression lines between RI, VR, and systolic parameters and Pearson’s r heatmap. 
RI: resistance index; VR: vascular resistance; SPV.px: mean of color pixel in systolic peak velocity.
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The selection of an inadequate velocity scale and insonation 
angle in the color Doppler mode can generate aliasing (29), 
altering the color representation of the signal pixel. Despite 
these limitations, the use of average pixel color analysis of 
the color Doppler is applicable in practice and provides 
additional information in the assessment of IDS (18).
Although the quantification of the color IDS has been 
extensively studied (18, 30, 31), quantification of PD signals 
has several advantages over color Doppler in the assessment 
of tissue vascularization and blood flow. In the case of this 
study, the PD mode has been used because it is less depen-
dent on the Doppler angle, it is more sensitive in the repre-
sentation of low flows in small vessels, aliasing does not 
appear (32), and the codification in a single-color tone facil-
itates the quantification process and the results obtained 
correlate well with the perfusion rate (33).

Limitations 
This quantification methodology has some limitations, main-
ly related to standardization, as it depends on the sensitivity 
and color tone of the PD signals, which are altered by differ-
ent parameters such as: the ultrasound model and transducer 
used, the selection of ultrasound slices, the selection of imag-
es with higher and lower IDS from the video sequence, the 
settings of the ultrasound Doppler parameters, the color scale 
used, the delimitation of the ROI of the IDS in the image 
and the manual selection of the color thresholds of the image 
analysis software. However, in this study all these parameters 
have been optimized and kept constants for all scans.

CONCLUSIONS
As conclusion, our method of analyzing intratendinous 
Doppler signal by quantifying the color intensity of the 
Power Doppler signal pixel is a good predictor of resistance 
index and could be useful for vascular resistance analysis in 
tissues where measurement of resistance index is complicat-
ed as in tendinopathies.
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SUMMARY
Purpose. Tendon injuries represent a broad and economically expensive problem in 
clinical reality, however, there is no systematic review or meta-analysis in the literature 
that delves into this topic. The aim of this work is to investigate the incidence and clin-
ical costs of tendon rupture on a global, continental and national scale.
Methods. PubMed, Google Scholar, PICO (Politecnico di Torino’s bibliographic 
search engine) were the online databases interrogated for research purposes, while the 
Minister of Health was the institution contacted to obtain data regarding hospitaliza-
tion rates. FHM (Federal Health Monitoring) (1) and HES (Hospital Episode Statis-
tics) (2) were the national databases interrogated respectively for German and England 
data. We looked for the most recent and specific data possible, so papers too outdated 
or too general were excluded.
Results. The total number of tendon ruptures in the world ranges from 80 to 90 cases 
per 100,000 inhabitants, i.e., 6 to 7 million per year. There is a linear relationship 
between the incidence of cases and the population, whilst it seems to be no correlation 
between surgical costs and inhabitants, as it likely depends on the populousness and 
economical power of a country.
Conclusions. This research may serve physicians and healthcare policymakers to make 
more informed decisions. It will also provide valuable information to industries and 
researchers involved in tendon repair solutions, to better understand the extent of the 
phenomenon worldwide.
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INTRODUCTION 
This paper reports a methodical review and meta-analysis of 
the information available in the international scientific liter-
ature regarding the incidence and cost of tendon rupture. 
The final aim is to provide an estimate of the incidence of 
tendon ruptures according to the population size of a given 
country. The collected incidence data will be analyzed to 
estimate an approximative trend linking the number of 
tendon ruptures and the population of a specific country 

or any other geographical region of the world. In addition, 
a forest plot to show the incidence rate for the Achilles 
tendons injury was made.
This will serve physicians and healthcare policymakers to 
make more informed decisions. Tendons are a fundamen-
tal element of the connection between the bone and the 
muscle (3); they transform the force of muscle contraction 
into movement. Therefore, their injury causes a significant 
loss of function, disability and pain. 
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The mechanism of tendon damage can be mechanical or degen-
erative and lead to tendinopathy or tendon rupture (4). Tears or 
lacerations can be caused by a single episode of stress exceeding 
the tendon level of intolerance (e.g., due to a high impact event) 
or by mechanical direct trauma (e.g., knife injury). Tendinitis or 
tendinosis can occur after repetitive submaximal loading (over-
use sports injury (5)) or for intrinsic tissue degeneration with 
or without predisposing systemic diseases (e.g., age, functional 
overload syndromes, amyloidosis). On the other hand, different 
factors can be associated with chronic tendon damage, such as:
• the presence of local factors (e.g., an intratendinous foreign 

body, rheumatoid tendinitis, tuberculous tendinitis, acti-
nomycotic focus, granulomatous tendinitis, non-specific 
tendinitis, gout affection, xanthoma or a tendon tumor (6));

• the side effects of some pathologies (e.g., chronic system-
ic diseases, ankylosing spondylitis, autoimmune diseases, 
collagen abnormalities, renal insufficiency (4, 6, 7));

• the adverse effects of some drug treatments (e.g., 
aromatase inhibitors, antibiotics such as fluoroquino-
lone, glucocorticoids after long-term regimens, statins 
and renin-angiotensin II agents) (7);

• metabolic disorders (such as diabetes mellitus, hyper-
cholesterolemia, thyroid disorders, and impair tendons 
health) (8-10);

• constitutional factors (e.g., obesity (11)), genetic factors 
(6) and blood group (ABO) (6, 12).

However, the data reported in literature have shown no 
uniform consensus between the proportions of ABO blood 
groups and Achilles tendon rupture (13).
To enhance tendon repair, different treatments can be 
chosen. First of all, treatment can be surgical (suture (14, 
15), augmentation and reconstruction (16), implant of 
devices as the TenoFixTM (17, 18), AchillonTM (4, 19), nitinol 
devices (20, 21), OrthoCouplerTM (6), PONTiSTM (22)) or 
conservative (e.g., immobilization with splint, physiothera-
py sessions in particular TECAR, infiltrations with platelet 
gel, Hyaluronic acid (23), and other non-surgical options 
(4)). The Laboratory of Bio-inspired Nanomechanics at 
Politecnico di Torino study the field of tendon injury and 
its relative repair method evaluating new innovative techni-
cal repair, this paper is to give an evaluation of the impact 
of tendon injuries and their relative cost on the healthcare 
system, providing information on the importance of this 
issue, this aim drives the current research.

METHODS

Search strategy 
Our research was mainly conducted through the online data-
bases PubMed, Google Scholar and PICO to find reviews 

and articles dealing with the incidence and treatment cost of 
tendon ruptures. The following keywords “tendon rupture”, 
“tendon damage”, “tendon injury”, “epidemiology”, “inci-
dence”, and “cost” were used in separate searches and in 
conjunction using the Boolean operators “AND” and “OR”. 
The number of tendon repair surgical operations performed in 
Italy during the period 2016-2018 was provided by the Italian 
Ministry of Health upon request by the authors, while NHS 
(National Health System) of England supplied the data regard-
ing national hospitalization rates through the HES database. 
FHM database was interrogated for German data concern-
ing tendon ruptures. Additional information were obtained 
by the Italian Ministry of Health, National Health System of 
England, and Federal Health Monitoring for German. These 
three last sources follow the same standard code to identify 
the diagnosis of the disease (ICD code). This study has been 
conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA).

Study inclusion and exclusion criteria
We started by including all of the articles without limitation 
of the year of publication or language to include as much 
information as possible about as many countries as possible. 
Based on the title and the abstract, the selected articles were 
reduced to n = 130 for full-text evaluation. Whenever more 
than one document related to the same geographical area was 
available, we considered only the most recent data. In the 
end, on a total of 25 papers, 10 were excluded from our anal-
ysis, mainly because the data were deemed as obsolete. Table 
I reports the reviewed papers included and excluded for the 
meta-analysis of the tendon injury incidence and the sources 
included for the meta-analysis of the related treatments costs.

Study quality assessment 
To reduce the possibility of introducing errors or not 
correct information all the authors assessed each included 
article. In general, the inclusion/exclusion criteria allowed 
to reduce the general risk of bias; thus, this meta-analysis 
can be considered acceptable overall. 
All the authors reviewed each article for risk of bias consid-
ering the following information such as 1) direct or indirect 
data, 2) approximations used, 3) included population, and 
4) precision in study methods as parameters to evaluate the 
quality of papers.
For the tendon ruptures section, only articles of Erickson 

(31) and De Jong (32) were evaluated with a medium risk 
of bias because they are indirect data. For the tendon repair 
cost, the article of Sahin (45), Kolstov (46), and Clark (34) 
were evaluated with a medium risk of bias because indi-
rect data were reported. All the other articles were evaluat-
ed with a low risk of bias. A further methodological quality 
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assessment analysis may be performed employing Coleman 
Methodology Scores (CMS) (48).
To assess the study quality, we reported the obtained results 
as a plot of the number of cases vs the population size. We 
found that the best interpolation curve is a simple linear 
regression. This was confirmed by further testing other 
higher-order polynomial approximations on the data. The 
issue will be better addressed in the Result section. The 
average error (expressed as a percentage) has been reported 

and plotted as well. We also expected an increase in tendon 
injuries over the time, due to general population growth and 
some changes in lifestyle (such as more sedentariness); this 
was used to further assess our study quality.

Data extraction strategy
The following data were extracted: 1) incidence rate; 2) type 
of tendon; 3) country in which the study was conducted; 4) 
study duration or year and 5) total number of participants. 

Table I. Sources of the data, papers included and excluded for the incidence and cost analyses.

                                                                                  Included papers (incidence analysis)

Reference Country surveyed (time period)

Clayton, R. A. et al. (2008) (24) Orthopaedic Trauma Unit, Royal Infirmary, Edinburgh, U.K. (1996 - 2000)

Lantto, I. et al. (2015) (25) Finland, Achilles tendon rupture (1979-2011)

Gwynne-Jones, D. P. et al. (2011) (26) New Zealand, Achilles tendon rupture (1999 - 2008)

Reito, A. et al. (2019) (27) Finland, quadriceps tendon ruptures (1997 - 2014)

Huttunen, T. T. et al. (2014) (28) Sweden, acute Achilles Tendon ruptures (2001- 2012)

Ganestam, A. et al. (2016) (29) Denmark, acute Achilles tendon ruptures (1994 - 2013)

Sheth, U. et al. (2017) (30) Ontario, Canada, acute Achilles Tendon ruptures (2003 - 2013)

Erickson, B. J. et al. (2014) (31) U.S.A., Achilles tendon rupture (2005-2011)

De Jong, J. P. et al. (2014) (32) Olmsted county, U.S.A., acute tendon injuries in the hand and wrist (2001-2010)

                                                                                Excluded papers (incidence analysis)

Reference Reason for the exclusion

Maffulli, N. et al. (1999) (33) More recent data were available for the U.K.

Clark, S. T. et al. (2020) (34) We were not able to isolate the tendon data from the ligament’s

Manninen, M. et al. (2017) (35) More recent data were available for Finland

Leppilahti, J. et al. (1996) (36) More recent data were available for Finland

Pajala, A. et al. (2002) (37) More recent and general data were available for Finland

Möller, A. et al (1996) (38) More recent and general data were available for Sweden

Houshian, S. et al. (1998) (39) More recent data were available for Denmark

Suchak, A. A. et al. (2005) (40) More recent data were available for Canada

Dy, C. J. et al. (2012) (41) More general and recent data were available for the U.S.A.

Lemme, N. J. et al. (2018) (42) The data we derived were outliers with respect to the others

                                                                                      Included papers (cost analysis)

Reference Data

Westin, O. et al (2018) (43) Surgical cost for tendon repair in Sweden (2009-2010)

Nyyssönen, T. et al (2000) (44) Surgical cost for tendon repair in Finland (1986-1996)

Şahin, F. et al. (2013) (45) Surgical cost for tendon repair in Turkey (2009-2011)

Koltsov, J. C. et al. (2020) (46) Surgical cost for tendon repair in the State of New York (2010-2014)

Goel, D. P. et al. (2009) (47) Surgical cost for tendon repair in Canada (2002-2005)

Clark, S. T. et al. (2020) (34) Surgical cost for tendon repair in New Zealand (2010-2016)
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As for the England, Italy and Germany data provided from 
local databases, we employed the 4-digit ICD standard code 
to isolate only tendon rupture cases among the other ones. 
Additional information about the information provided 
by national databases is presented in appendix 1A, B. The 
raw data regarding other countries were extracted from the 
papers mentioned in table II. 

Data synthesis, elaboration and presentation
The raw data were elaborated to be compared and to estab-
lish potential relations between the number of tendon 
ruptures in a country and other factors (e.g., the popula-
tion of the country). Table II reports the raw data and our 
elaboration on them. To do so, some hypotheses have been 
followed: 
1. We referred to 2019 as our target year. If data retrieved 

from the original sources referred to a previous year, we 
corrected them accordingly: if they referred to a multi-
year period and showed an increase in the incidence 
during this time, we supposed the incidence to continue 
its growth linearly until 2019, if no increase was met, it 
was made an average between these years.

2. If the available data were referred to as “tendon 
repairs”, this number was considered to be 60% of 
the total number of tendon ruptures, according to the 
practice suggested by Huttunen et al. (2014) (28). We 
used the numbers reported by the original sources 

whenever explicitly stated as “injuries”, “ruptures”, or 
similar terms.

3. If not sufficient, data were present for all typologies of 
tendons, the number of AT (Achilles tendon) ruptures 
has been estimated to be - of the total ruptures (as 
suggested by Clayton et al. (2008) (24)). 

4. We considered two possible options to approximate 
the total number of tendon ruptures relative to a larger 
geographical area (such as a continent) departing from 
smaller portions of it (i.e., single countries), specifically: 
a. by summing up the number of tendon ruptures calcu-

lated for the constituent surveyed countries/conti-
nents and summing up their respective populations as 
well to find a general percentage of incidence;

b. by averaging the available incidence percentages of 
the constituent countries, not considering the remain-
ing unsurveyed nations.

5. If more data about a specific country were found, they 
were employed to compare the obtained results and veri-
fy their coherence.

In this way, we obtained an estimated number of tendon 
ruptures not only for the countries whose data were found, 
but also for Europe, North America, Oceania and, lastly, 
for the whole world. The raw data about Achilles tendons 
rupture were elaborated in a separate excel file, also data 
from the national health institute were added.

Table II. Raw data and elaboration.

Raw data Elaboration and Notes Estimated Incidence 
(referred to 2019)

Estimated n 
of ruptures 

(referred to 2019)
Average number of tendon repairs from 
2016 to 2018: 26,066 in Italy.

The number of tendon repairs has 
been considered to be the 60% of the 

total tendon ruptures.

Average number of tendon 
ruptures per year: 43,443.

43,443 tendon 
ruptures in Italy.

Total incidence of different tendon 
injuries in Germany (1), based on 4 
characters ICD code: 58,963.
More details on the selected codes are 
shown in appendix 1A.

Total tendon injuries number has 
been used to estimate an incidence 
per 100,000 inhabitants, using the 

current population in 2019.

General incidence per year: 
71.02/100,000.

58,963 tendon ruptures 
in Germany.

Total incidence of different tendon 
injuries in England (2), based on 4 
characters ICD code: 53,534.
More details on the selected codes are 
shown in appendix 1B.
Note: reference period of this data is 
2018-2019, so we considered this number 
as an average between these two years.

Total tendon injuries number has 
been used to estimate an incidence 
per 100,000 inhabitants, using the 

current population at 2019.

General incidence per year: 
91.38/100,000.

53,534 tendon ruptures 
in England.
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Raw data Elaboration and Notes Estimated Incidence 
(referred to 2019)

Estimated n 
of ruptures 
(referred to 2019)

The incidence per 100,000 person-years of 
AT rupture increased from 2.1 in 1979 to 
21.5 in 2011 in Oulu, Finland (25).
The incidence per 100,000 person-years 
of quadriceps tendon rupture increased 
from 0.55 to 2.82 from 1997 to 2014 in 
Finland (27).

In both cases, the linearity hypothesis 
was followed, leading to an estimated 

incidence for 2019. The result 
obtained for Oulu has then been 
projected on the national scale.

Incidence per 100,000 
person-years of AT 

rupture: 26.35;
Incidence per 100,000 

person-years of quadriceps 
tendon rupture: 3.49;

Number of AT ruptures in 
Finland: 1,454;

Number of quadriceps 
tendon ruptures in 

Finland: 193.

4,555 tendon ruptures 
in Finland.

The sex-specific incidence per 100,000 
person-years of AT ruptures was 47.0 
in men and 12.0 in women in 2001 and 
55.2 in men and 14.7 in women in 2012 
in Sweden (28).

The sex-specific incidences and 
samples have been summed up to find 
the non-sex specific incidence of AT 
rupture in 2001 and 2011. Then, the 

linearity hypothesis was followed.

Incidence per 100,000 
person-years of AT 

rupture in 2019: 38.42;
Number of AT 
ruptures: 3 930.

11,790 tendon ruptures 
in Sweden.

The incidence per 100,000 person-years 
of AT rupture increased from 26.95 in 
1994 to 31.17 in 2013 in Denmark (29).

The linearity hypothesis was 
followed, leading to an estimated 

incidence for 2019.

Incidence per 100,000 
person-years of AT 

rupture: 32.50;
Number of Achilles tendon 

ruptures: 1887.

5,661 tendon ruptures 
in Denmark.

The incidence per 100,000 person-years 
of AT rupture increased from 18.0 in 
2003 to 29.3 in 2013 in Canada (30).

The linearity hypothesis was 
followed, leading to an estimated 

incidence for 2019.

Incidence per 100,000 
person-years of AT 

rupture: 36.08;
Number of AT 

ruptures: 12 657.

37,971 tendon ruptures 
in Canada.

The incidence per 100,000 person-years of 
Achilles tendon rupture was 24 between 
1999 and 2008 in New Zealand (26).

The incidence was hypothesized to 
stay constant until 2019.

Number of AT 
ruptures: 1 184.

3,552 tendon ruptures 
in New Zealand.

The incidence per 10,000 person-years of 
AT rupture increased from 0.67 in 2005 
to 1.08 in 2011 in the USA (31).
The incidence per 100,000 person 
years of hand and wrist tendon rupture 
was 33.2 in the period 2001-2010 in 
the USA (32).

We hypothesized the incidence of 
hand and wrist tendon rupture to 
stay constant until 2019. As for the 

AT ruptures, the linearity hypothesis 
was pursued, leading to an estimated 

incidence for 2019. 
The studies of Erickson et al. (2014) 
(26) and De Jong, et al. (2014) (27) 
are not well in accordance with the 
assumed prevalence of AT ruptures 

over hand and wrist tendons (19). This 
may be due to the study of De Jong et 
al. (2014) (27) being based solely on 
a small geographical area (Olmsted 

County, Minnesota, USA)

Number of AT 
ruptures: 66 781.

Number of hand and wrist 
tendon ruptures: 108,896.

309,239 tendon 
ruptures in the USA.

RESULTS

Study characteristics
The search of published literature conducted via sever-
al databases yielded numerous articles that included the 

keywords used in the first search phase (tendon rupture, 
tendon damage, tendon injury, epidemiology, incidence, 
cost) combined together. After the title and abstract of each 
study were examined and the articles, which reported the 
same information, were excluded. In conclusion, 15 articles 
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were used in this analysis of the number of total ruptures 
and the costs. The exact procedure is portrayed in figure 1. 

Other Continents and worldwide incidence
Regarding the rest of the world, only data about Cana-
da, New Zealand, and the U.S.A. have been found. The 
New Zealander data has been employed to approximate 
the incidence rate in Oceania, assumed as equal to that of 
New Zealand. The incidence rate in North America was 
found following the first of the previously reported strat-
egies (method “a”; we summed up the U.S.A. and Cana-
da’s cases and populations to find an average incidence). 
Thus, to be coherent, it has been considered the European 
data obtained in the same way. The results are shown in 
table IV. Also, to find a general incidence to apply to the 
world case and then calculate the total tendon ruptures in 
the world, the same two strategies applied for Europe have 
been pursued. In table IV, world rows “Ia” and “Ib” and 
the calculations and approximations have been performed 
taking into account the aggregated data for Europe, North 
America and Oceania, while in rows “IIa” and “IIb” Italy, 
United Kingdom, Finland, Sweden, Denmark, the State 
of New York, Canada and New Zealand’s data have been 
considered. 

Incidence according to the population 
To analyze the obtained results, the number of tendon 
ruptures for the reported countries has been plotted against 
their respective populations (figure 3A). The interpolation 
curve has been found to follow the equation:
n(p) = 6.0072 × p × 10-4 + 3461
It has been verified that, if the data were interpolated with a 
third-degree polynomial line, the coefficients of the second- 
and third-degree terms were multiplied respectively by 10-12 
and 10-21. Thus, one can safely assume the interpolation 
curve to be a single-degree polynomial, which means that 
the relation between the number of tendon ruptures in a 
geographical region and its population can be approximat-
ed to be linear.

Figure 1. The PRISMA flow diagram of the studies that were 
initially identified, with all the steps leading to the final inclu-
sion of 15 studies in this systematic review.

Quantitative synthesis/Meta-Analysis

Incidence of AT ruptures
The incidence of AT ruptures is the one more discussed in 
the scientific literature and for which more data were found. 
This is reported in the forest plot in figure 2. 

Incidence in Europe
The obtained results for the European countries are shown 
in table III together with the results obtained for Europe 
following the two strategies defined in the Methods section 
(i.e., method “a” and method “b”, respectively employed in 
rows “a” and “b”).

Figure 2. Forest plot of the incidence rate of the AT rupture in different countries.
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Table III. Approximated tendon rupture numbers and incidences for the reported European countries and calculations for the 
total European incidence.

Surveyed countries

Total tendon ruptures  
(rounded) Population

Incidence per  
100,000 

 (calculated)

Incidence per  
100,000  

(rounded)

Italy 44,000 60,360,000 72.90 73

England 51,000 56,287,000 90.61 91

Finland 5,000 5,518,000 90.61 91

Sweden 12,000 10,230,000 117.30 117

Denmark 6,000 5,806,000 103.34 103

Germany 59,000 83,019,000 71.07 71

Table IV. Approximated tendon rupture numbers and incidences for the reported non-European countries and calculations 
for the world zones and the worldwide incidence.

Surveyed countries

Total tendon 
ruptures (rounded) Population

Incidence per  
100,000 

(calculated)

Incidence per  
100,000  

(rounded)

Canada 38,000 38,005,000 99.99 100

New Zealand 4,000  4,979,000 80.34 80

USA 309, 000 328,240,000 94.14 94

World zones

Europe 411,000 513,719,000 80.00 80

North America (USA and Canada) 347,000 366,245,000 94.75 95

Oceania 18,000 24,990,000 72.03 72

Worldwide incidence

Total population of 
the surveyed countries 

(aggregated)

Total 
analysed cases

Average Incidence 
per 100,000 Population Total tendon 

ruptures per year

Total tendon 
ruptures per 

year (rounded)

Ia 904,954,000 776,000 86 7,786,799 000 6,697,000 6.70 mil

Ib n.d. n.d. 82 7,786,799,000 6,385,000 6.39 mil

IIa 592,444,000 528,000 89 7,786,799,000 6,930,000 6.93 mil

IIb n.d. n.d. 91 7,786,799,000 7,086,000 7.09 mil

                              Europe
Total population 
of the surveyed 

countries 
(aggregate)

Total
analysed

cases

Average
Incidence

European
population

European
population

Total tendon
ruptures
per year

Total tendon
ruptures /year

(rounded)

a 221,220,000 177,000 80 513,719,000 411,000 411,000 0.41 mil

b n.d. n.d. 91 513,719,000 467,000 467,000 0.47 mil
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In conclusion, the total number of tendon ruptures in the 
world appears to range between 80 to 90 cases per 100,000 
inhabitants, i.e., 6 to 7 million people per year. 

Incidence according to age and gender 
Tendon properties change as time passes and the subject 
ages. Therefore, one can define an incidence of tendon 
rupture according to the age of the patient. In particular, 
the age group percentage of the injured with respect to the 
total number of injuries has been obtained by averaging the 
data received from the Italian Ministry of Health (2016-
2018). The injury percentages by age group resulted to be 
8% (5-13 years); 6% (14-24 years); 15% (25-44 years); 23% 
(45-64 years); 19% (65-74 years) and 28% (over 75 years). It 
has also been estimated from these data that the mean age of 
patients who suffered a tendon rupture is 53 years.
As for the gender incidence, it has been decided to choose 
three countries and suppose their data to be representa-
tive of their world zone. In particular, has been found data 
relative to Finland (27), representative of Europe, the Unit-
ed States (42), representative of North America, and New 
Zealand (34), representative of Oceania. In particular, we 
obtained a percentage of incidence of 10.3 for females against 
a percentage of incidence of 89.7 for males in Europe; a 
female percentage of incidence of 22.9 against 77.1 for males 
in North America and a female incidence of 44 against 56 for 
males in Oceania. This data can be compared to the study 
conducted by Ho et al. (2017) (49), who reported a percent-
age of incidence of 19 for women and 81 for men.

Cost analysis
As for the cost analysis, the elaborated data are shown 
in table V. It must be noted that the reported number of 

tendon ruptures are those that had been previously found 
except for the State of New York; in this case, to calculate 
the number of tendon ruptures, the incidence found for 
the U.S.A has been applied to the New Yorker population 
(19.45 mil in 2019).
In table V, for Sweden, Finland, the State of New York 
and Canada, the costs are referred to the AT repair, while, 
for Turkey, the cost is referred to hand tendon repair and, 
for New Zealand, the cost is referred to both tendon and 
ligament repair. The data have been analyzed all together, 
regardless of the district of surgery, because they have all 
been considered generally referred to as surgical tendon 
repair and, thus, comparable in the broader terms. The 
presented data for Europe, North America and Oceania 
have been obtained by analyzing the collected information. 
Firstly, the average surgical cost in Europe was estimated by 
weighting the available data in Sweden, Finland and Turkey 
for their population and also applied to Italy. Similarly, the 
average and total surgical costs in North America have been 
calculated in the same way using the data from the State 
of New York and Canada. Then, the surgical cost in New 
Zealand has been approximated to be that of the whole of 
Oceania to obtain the total surgical cost in this continent. 
In the end, the average and total surgical cost for tendon 
repair in the world have been estimated using Europe, 
North America and Oceania’s data shown in the World (I) 
row and using Sweden, Finland, Turkey, State of New York, 
Canada and Oceania’s data shown in table V in the World 
(II) row. The total surgical tendon repair cost in the world 
is therefore estimated to be approximately 30 billion euros. 
To conclude, it was found from a survey conducted by the 
authors among 51 expert orthopedics and hand surgeons 
that in Italy the hand tendon repair cost is approximate-

Figure 3. (A) Population size vs number of cases. Red dots: data estimated from the literature. Solid blue line: linear interpo-
lation; (B) Error diagram.
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ly €800 (considering the operating theatre costs, consum-
ables and hospitalization). Therefore, applying the esti-
mated average European cost for tendon repair of €3,454 
would be a large overestimation, whereby the average cost is 
more similar to those in Finland or Turkey, ranging between 
€1,000 and €2,000.

DISCUSSION
Meta-analysis is a well-designed statistical method integrat-
ing the common outcome data from other studies to settle 
global conclusions or evaluations about a specific issue. To 
the best of our knowledge, this is the first comprehensive 
meta-analysis aiming at defining the tendon incidence rate 
and the relative costs. Due to a significant lack of reported 
data in the scientific literature, hypotheses and approxima-
tions had to be made. These were reported in the method 
section. As for the Italian case, the total number of tendon 
ruptures per year has been estimated considering the data 
provided by the Ministry of Health. In particular, the provid-
ed data concerned the total number of tendon repairs in 
Italy in 2016 (26,549 tendon ruptures), 2017 (25,598 tendon 
ruptures) and 2018 (26,050 tendon ruptures). We chose to 
average those numbers to estimate the number of tendon 
ruptures in Italy per year and we obtained the number of 
26,066 tendon ruptures per year in Italy.
Furthermore, considering the assumptions and the approxi-
mations made, it can be said that the two methods employed 

to evaluate the number of tendon ruptures on a wider scale 
(Europe in this case) lead to similar results and can there-
fore be safely considered equivalent for the aim of this study. 
The total number of tendon ruptures in the world appears 
to range between 82 to 91 cases per 100,000 inhabitants, i.e., 
6 to 7 million people per year.
By conducting an error study on the linear interpolation 
(figure 3B), we found a higher error rate in countries with 
a smaller population than in more populous ones: it would 
be logical to think this is produced by injury causes’ multi-
plicity and by the fact that every probability approaches the 
real value of cases as the population increases. Furthermore, 
the obtained curve does not pass through the axes’ origin, 
which means that for a population of 0 people there would 
be non-0 cases of tendon ruptures, which is impossible. 
Secondly, the model does not take into consideration many 
factors such as lifestyle, industrialization, economic power, 
etc. that could affect the number of tendon ruptures in a 
Country and could change the graph into a non-linear and 
more complex one. Therefore, the obtained result is only an 
approximation linking the number of tendon ruptures to the 
population of a Country. It is reasonable to believe that the 
number of tendon ruptures depends on more factors than 
the population only. On the other hand, all of the factors 
could not have been taken into consideration in this work 
but, if they were, it is reasonable to believe that the predic-
tion model for the number of tendon ruptures would have 
been much more complex and probably non-linear. Over-

Table V. Cost of tendon repair. 

Surveyed countries
Surgical cost (€) Total tendon ruptures Surgical treatments Total surgical cost (€) Total surgical cost 

per year (€) 
(rounded)

Sweden 7,332 (38) 12,000 7,200 52,790,400 52.80 mil
Finland 1,259 (39) 5,000 3,000 3,777 000 3.78 mil
Turkey 1,772 (40) 66,000* 39,600 70,171,200 70.17 mil
State of New York 12,764 (41) 18,000 10,800 137,851,200 137.85 mil
Canada 16,705 (42) 38,000 22,800 380,874,000 380.87 mil
New Zealand 822 (29) 4,000 2,400 1,972,800 1.97 mil

World zones
Europe 3,454 411,000 246,600 851,756,400 8.52 mil
North America 14,734 347,000 208,200 3,067,618,800 3.07 bil
Oceania 822 18,000 10,800 8,877,600 8.88 mil

World
I 6,337 6,697,000 4,018,200 25,463,333,400 25.46 bil

II 6,776 7,008,000 4,204,800 28,491,724,800 28.49 bil

Reported data: elaboration and results for the reported countries, the world zones and the world.
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all, considering the error diagram in figure 3B, the model 
can still be considered a valid approximation of the relation 
“population vs tendon ruptures” in a geographical area, as 
shown in figure 3A.
Male incidence is generally higher than female one, although 
tendon ruptures among women have grown over years. This 
last phenomenon could be explained through the increasing 
participation of women in physical activity: the proportion 
of female participants in sports injury surveys has increased 
during the past few decades.
As reported by Bonilla et al. (2019) (50) sex hormones could 
play a significant role in the gap between male and female 
incidence of tendon rupture. The presence or absence of 
estrogen, whose receptors are expressed by tenocytes, 
affects  proteoglycan expression, tendon metabolism, 
tendon healing, tenocyte viability, tendon laxity and also 
adaptive response to exercise in females or increases colla-
gen expression.
For what concerns the cost analysis, the authors convey that 
the cost is likely to depend on the population and the level 
of economic development of the country.

CONCLUSIONS
This meta-analysis aimed to evaluate the tendon inci-
dence rate and its relative costs of surgery worldwide. For 
this purpose, the Italian Ministry of Health, the National 
Health System of England, and Federal Health Monitoring 
for German were consulted in addition to the information 
reported in the literature (fifteen articles).
To evaluate the number of tendon ruptures on a wider scale 
two approximations based on literature were made.  The 
two approximations show similar results in terms of aver-
age incidence per 100,000 inhabitants and total tendon 
ruptures per year.
Only a few articles reported the surgical cost analysis of the 
tendon repair surgery. The two types of approximations 

made by the authors show a similar result for the world-
wide cost. 
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SUPPLEMENTS
Appendix 1. (A) ICD 4-digit codes Germany; (B) ICD 4-digit codes England.

(A)
M66.2 Spontaneous rupture of extensor tendons 1.402

M66.3 Spontaneous rupture of flexor tendons 1.703

M66.4 Spontaneous rupture of other tendons 626

M66.5 Spontaneous rupture of unspecified tendon 216

M76.5 Patellar tendinitis 320

M76.8 Other enthesopathies of lower limb, excluding foot 464

M76.9 Enthesopathy of lower limb, unspecified 26

M77.0 Medial epicondylitis 224

M77.1 Lateral epicondylitis 1.212

M77.5 Other enthesopathy of foot 759

M77.8 Other enthesopathies, not elsewhere classified 1.002

M77.9 Enthensopathy, unspecified 408

S09.1 Injury of muscle and tendon of head 77

S16.X Injury of muscle and tendon at neck level 112

S29.0 Injury of muscle and tendon at thorax level 83

S39.0 Injury of muscle and tendon of abdomen, lower back and pelvis 933

S46.X Injury of muscle and tendon at shoulder and upper arm level 12.951

S56.X Injury of muscle and tendon at forearm level 1.412

S66.X Injury of muscle and tendon at wrist and hand level 10.198

S76.X Injury of muscle and tendon at hip and thingh level 9.459

S86.X Injury of muscle and tendon at lower leg level 14.092

S96.X Injury of muscle and tendon at ankle and foot level 1.043

T06.4 Injuries of muscles and tendons involving multiple body regions 0

T09.5 Injury of unspecified muscle and tendon of trunk 12

T11.5 Injury of unspecified muscle and tendon of upper limb, level unspecified 1

T13.5 Injury of unspecified muscle and tendon of lower limb, level unspecified 9

T14.6 Injury of muscles and tendons of unspecified body region 214

T92.5 Sequelae of injury of muscle and tendon of upper limb 0

T93.5 Sequelae of injury of muscle and tendon of lower limb 3

(B)
M66.2 Spontaneous rupture of extensor tendons 677

M66.3 Spontaneous rupture of flexor tendons 801

M66.4 Spontaneous rupture of other tendons 726

M66.5 Spontaneous rupture of unspecified tendon 312

M76.5 Patellar tendinitis 447

M76.8 Other enthesopathies of lower limb, excluding foot 605

M76.9 Enthesopathy of lower limb, unspecified 36

M77.0 Medial epicondylitis 934

M77.1 Lateral epicondylitis 3.033
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M77.5 Other enthesopathy of foot 539

M77.8 Other enthesopathies, not elsewhere classified 105

M77.9 Enthensopathy, unspecified 1.519

S09.1 Injury of muscle and tendon of head 223

S16.X Injury of muscle and tendon at neck level 352

S29.0 Injury of muscle and tendon at thorax level 394

S39.0 Injury of muscle and tendon of abdomen, lower back and pelvis 1.228

S46.0 Injury of muscle(s) and tendon(s) of the rotator cuff of shoulder 2.141

S46.1 Injury of muscle and tendon of long head of biceps 313

S46.2 Injury of muscle and tendon of other parts of biceps 2.031

S46.3 Injury of muscle and tendon of triceps 429

S46.7 Injury of multiple muscles and tendons at shoulder and upper arm level 91

S46.8 Injury of other muscles and tendons at shoulder and upper arm level 421

S46.9 Injury of unspecified muscle and tendon at shoulder and upper arm level 310

S56.0 Injury of flexor muscle and tendon of thumb at forearm level 71

S56.1 Injury of long flexor muscle and tendon of other finger(s) at forearm level 984

S56.2 Injury of other flexor muscle and tendon at forearm level 935

S56.3 Injury of extensor or abductor muscles and tendons of thumb at forearm level 472

S56.4 Injury of extensor muscle and tendon of other finger(s) at forearm level 1.161

S56.5 Injury of other extensor muscle and tendon at forearm level 524

S56.7 Injury of multiple muscles and tendons at forearm level 263

S56.8 Injury of other and unspecified muscles and tendons at forearm level 508

S66.0 Injury of long flexor muscle and tendon of thumb at wrist and hand level 1.072

S66.1 Injury of flexor muscle and tendon of other finger at wrist and hand level 4.523

S66.2 Injury of extensor muscle and tendon of thumb at wrist and hand level 2.077

S66.3 Injury of extensor muscle and tendon of other finger at wrist and hand level 5.726

S66.4 Injury of intrinsic muscle and tendon of thumb at wrist and hand level 257

S66.5 Injury of intrinsic muscle and tendon of other finger at wrist and hand level 129

S66.6 Injury of multiple flexor muscles and tendons at wrist and hand level 1.162

S66.7 Injury of multiple extensor muscles and tendons at wrist and hand level 678

S66.8 Injury of other muscles and tendons at wrist and hand level 1.314

S66.9 Injury of unspecified muscle and tendon at wrist and hand level 347

S76.0 Injury of muscle and tendon of hip 598

S76.1 Injury of quadriceps muscle and tendon 3.253

S76.2 Injury of adductor muscle and tendon of thigh 168

S76.3 Injury of muscle and tendon of the posterior muscle group at thigh level 314

S76.4 Injury of other and unspecified muscles and tendons at thigh level 429

S76.7 Injury of multiple muscles and tendons at hip and thigh level 91

S86.0 Injury of Achilles tendon 2.240

S86.1 Injury of other muscle(s) and tendon(s) of posterior muscle group at lower leg level 405

S86.2 Injury of muscle(s) and tendon(s) of anterior muscle group at lower leg level 265

S86.3 Injury of muscle(s) and tendon(s) of peroneal muscle group at lower leg level 151

S86.7 Injury of multiple muscles and tendons at lower leg level 127

S86.8 Injury of other muscles and tendons at lower leg level 890
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S86.9 Injury of unspecified muscle and tendon at lower leg level 446

S96.0 Injury of muscle and tendon of long flexor muscle of toe at ankle and foot level 122

S96.1 Injury of muscle and tendon of long extensor muscle of toe at ankle and foot level 458

S96.2 Injury of intrinsic muscle and tendon at ankle and foot level 14

S96.7 Injury of multiple muscles and tendons at ankle and foot level 59

S96.8 Injury of other muscles and tendons at ankle and foot level 282

S96.9 Injury of unspecified muscle and tendon at ankle and foot level 149

T06.4 Injuries of muscles and tendons involving multiple body regions 107

T09.5 Injury of unspecified muscle and tendon of trunk 72

T11.5 Injury of unspecified muscle and tendon of upper limb, level unspecified 40

T13.5 Injury of unspecified muscle and tendon of lower limb, level unspecified 36

T14.6 Injury of muscles and tendons of unspecified body region 108

T92.5 Sequelae of injury of muscle and tendon of upper limb 514

T93.5 Sequelae of injury of muscle and tendon of lower limb 228



P O S I T I O N  PA P E R Nr 2023;13 (1):46-60

46

The Italian Consensus Conference on FAI Syndrome 
in Athletes (Cotignola Agreement)

Raul Zini1,2, Manlio Panascì3, Nicola Santori4, Domenico Potestio5, Francesco Di Pietto6, 
Giuseppe Milano7, Enrico Gervasi8, Francesco Falez9, Claudio Castelli10, Alessandro 
Aprato11, Alessio Auci12, Lucio Baffoni13, Piero Benelli14, Luca Bianchi15, Marco 
Bigoni16, Alessandro Bisciotti17, Andrea Bisciotti17, Stefano Bona18, Andrea Carraro2, 
Christian Carulli19, Gabriella Cassaghi17, Fabio Catani14, Simona Cerulli20, Michele 
Conati21, Alessandro Corsini22, Alberto Costantini23, Dante Dallari24, Carlo Dall’Oca25, 
Federico Della Rocca18, Pasquale De Nardo2, Paolo Di Benedetto26, Francesca Di 
Muzio27, Teresita Fabris28, Gennaro Fiorentino29, Alberto Fioruzzi15, Andrea Foglia30, 
Marco Fogli1, Andrea Fontana31, Eligio Gallo32, Alessio Giai Via33, Carlo Giammattei34, 
Pierandrea Giuliani35, Giovanni Grano36, Antonio Guglielmi20, Giuseppe Umile Longo37, 
Gianni Mazzoni1, Biagio Moretti38, Lorenzo Moretti38, Daniele Munegato15, Gianni 
Nanni39, Marcello Occhialini2, Rocco Papalia37, Maria Federica Parra17, Maria Teresa 
Pereira Ruiz40, Luca Pierannunzii41, Piergiorgio Pirani2, Giorgio Ponzetto2, Filippo 
Randelli42, Ettore Sabetta43, Saverio Serafini13, Cesare Stagni24, Enrico Tombari14, 
Federica Maria Trento28, Piero Volpi17,22, Gian Nicola Bisciotti44

1  Università degli Studi di Ferrara, Ferrara, Italy
2 Maria Cecilia Hospital, Cotignola, Ravenna, Italy
3  Ospedale S. Carlo di Nancy, Rome, Italy
4  Casa di Cura Città di Roma, Rome, Italy
5  Rome American Hospital, Rome, Italy
6 Pineta Grande Hospital Castelvolturno, Caserta, Italy
7 Orthopedic Clinic, University of Brescia, Brescia, Italy
8  Casa di Cura Giovanni XXIII, Monastier, Treviso, Italy
9  Ospedali Santo Spirito-San Filippo Neri, Nuova Regina Margherita, Rome, Italy
10  ASST Papa Giovanni XXIII, Bergamo, Italy
11 CTO Torino, Turin, Italy
12  UOS Angiography and Interventional Radiology, Ospedale delle Apuane, Massa-Carrara, Italy
13 GVM Care and Research, Italy
14 Fisioclinics Pesaro, Pesaro, Italy
15 University of Modena, Modena, Italy
16 Orthopedic Clinic, Bicocca University, Milan, Italy
17 Centro Studi Kinemove, Rehabilitation Centers, Pontremoli, Massa-Carrara, Italy
18 Humanitas Institute, Milan, Italy
19 Orthopedic Clinic, University of Florence, Florence, Italy
20 Clinica Villa Stuart, Rome, Italy, Italy
21 Casa di Cura S. Francesco, Verona
22 FC Internazionale Medical Staff, Milan, Italy
23 Concordia Hospital, Rome, Italy
24 Istituto Ortopedico Rizzoli, Bologna, Italy



47Muscles, Ligaments and Tendons Journal 2023;13 (1)

Raul Zini, Manlio Panascì, nicola santoRi, Et al.

25 Orthopedic Clinic, University of Verona, Verona, Italy
26 Orthopedic Clinic, University of Udine, Udine, Italy
27 Orthopedic Clinic, University of Ancona, Ancona, Italy
28 Centro Medico S. Marco, Vicenza, Italy
29 Humanitas Gavazzeni, Bergamo, Italy
30 Istituto Riabilita, Civitanova Marche, Macerata, Italy
31 Clinica Columbus, Milan, Italy 
32 CEMS, Verona, Italy
33 Ospedale S. Anna, Milan, Italy
34 Azienda USL Toscana Nord-Ovest, Italy
35 Casa di Cura Villa Serena, Pescara, Italy
36 Bassano del Grappa Hospital, Vicenza, Italy
37 Campus BioMedico, Rome, Italy
38 Orthopedic Clinic, University of Bari, Bari, Italy
39 Isokinetic, Bologna, Italy
40 Clinica Montallegro, Genoa, Italy
41 Istituto Ortopedico Pini, Milan, Italy 
42 IRCCS Policlinico San Donato, San Donato Milanese, Milan, Italy
43 IRCCS Arcispedale S. Maria Nuova AUSL, Reggio Emilia, Italy
44 Kinemove Rehabilitation Centers Pontremoli, La Spezia, Italy

SUMMARY
Background. Femoro-acetabular impingement (FAI) is an important topic in literature 
because of its strong relationship with sport populations. 
Methods. Sixty-five experts participated in “this Consensus Conference (CC)”. They 
discussed, voted and approved a consensus document on the FAI syndrome in athletes.
Results. The CC experts approved document provided suggestions concerning: 1) 
Epidemiology of FAI; 2) Clinical evaluation; 3) Radiological evaluation; 4) Conserva-
tive treatment; 5) Surgical criteria; 6) Surgical techniques; 7) Post-surgical rehabilita-
tion; 8) Outcome evaluation; 9) FAI-associated clinical frameworks. 
Conclusions. The CC offers a multidisciplinary approach to the diagnosis and treat-
ment of FAI syndrome in athletes taking into account all the different steps needed to 
approach this pathology in sport populations.
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INTRODUCTION
Femoroacetabular impingement (FAI) is currently a very 
common topic in literature because of its strong connec-
tion to young and sport populations. Indeed, an abnor-

mal morphology of the head neck junction of the femur 
(Cam-FAI) and/or acetabulum (Pincer-FAI) may lead to 
abnormal contact between these two anatomical structures 
and non-physiological movements. This situation may cause 
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a progressive damage to cartilage tissue and triggered a subse-
quent evolution toward early osteoarthritis. Thus, since it 
has been hypothesized that surgical treatment may improve 
joint symptoms and interrupt the progression of osteoarthritis 

(1-4), in recent years there has been a progressive increase in 
the number of surgical interventions. Therefore, in the last few 
years there was a wide diffusion of techniques in hip arthros-
copy (5-7). FAI morphology, and consequently FAI syndrome, 
are prevalent in sport populations (8, 9). Indeed, this popu-
lation is exposed both to a growing risk of FAI morphology 

(10, 11) and a considerable over-use of the hip with a high risk 
of developing early osteoarthritis (12) which can compromise 
both a career in sports and the quality of daily life.
The first symposium (Femoroacetabular Impingement 
Research Symposium) aimed at developing a consensus about 
FAI was organized in 2012 in Chicago by the American Acad-
emy of Orthopaedic Surgeons/Orthopaedic Research Society 
(13). In this symposium, importance was given, for the first 
time, to a multidisciplinary approach for clinically assessing 
FAI. However, this symposium did not address the specif-
ic issue of athletes suffering from FAI. In 2016, the second 
Consensus Conference on FAI was held in Warwick (3), 
during which the clinical signs, symptoms and radiographic 
features of FAI were defined. The concept of “FAI-syndrome” 
was introduced and differentiated from that of “FAI morphol-
ogy” during this Consensus Conference for the first time. 
The Warwick panel of experts outlined guidelines concern-
ing FAI treatment and the Consensus Conference final docu-
ment now offers a modern approach for treating this wide-
spread pathology. Nonetheless, even in this case, the problem 
of athletes suffering from FAI syndrome was only marginally 
addressed. The athlete, especially if he is a high-level profes-
sional, represents a patient with very peculiar characteristics. 
Indeed, the high demand for performance of the professional 
athlete requires a careful evaluation of the therapeutic choice, 
which must be the most suitable for his particular needs.
The aim of the Italian Consensus Conference on the FAI 
syndrome in athletes is to achieve the first multidisciplinary 
agreement on the diagnosis and management of the FAI-syn-
drome in athletes. 

METHODS

Background
The “Italian Consensus Conference on FAI syndrome in 
athletes” was held in Cotignola (Ravenna), on 18 January 2019, 
under the sponsorship of SIA (Italian Society of Arthroscopy), 
and the participation of SIOT (Italian Society of Orthopedics 
and Traumatology), SIGASCOT (Italian Society of Knee, 
Arthroscopy, Cartilage, Orthopedic Technologies) and SIDA 

(Italian Society of the Hip). Sixty-five experts from different 
medical backgrounds (45 orthopedic surgeons, 6 sports physi-
cians, 4 rehabilitation physicians, 4 physiotherapists, 4 radiol-
ogists, 1 physical trainer and 1 sport physiologist) participat-
ed at the Consensus Conference (CC). Selection was based 
on the experts’ Hirsch index, on their publications about FAI 
and their experience shown in the fields of clinical evaluation, 
medical treatment and rehabilitation of FAI. The authors of 
this report were the experts who took part in the CC.

Literature review process
Prior to the CC, five senior authors (RZ, GNB, MP, DP and 
FDP) performed a systematic literature review of the clini-
cal, radiological, surgical and rehabilitative criteria concern-
ing FAI syndrome in the athletes. The systematic review 
was conducted in accordance with the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis) 
guidelines (14).
The review process was conducted as follows:
1) Research was performed independently by the five senior 
authors and no language limitation was applied.
2) Databases consulted were MEDLINE, EMBASE, 
EXCERPTA MEDICA, Cochrane Central Register of 
Controlled Trials and Cochrane Database of Systematic 
Review; “grey literature” (i.e., conferences, abstracts, thesis 
and unpublished reports) was not considered. After a prelim-
inary review of titles and abstracts of selected studies, all stud-
ies that did not report relevant information were excluded. 
The authors obtained the full text of the studies which were 
most relevant to the FAI syndrome diagnosis and manage-
ment, and particular emphasis was paid to those studies with 
the highest level of evidence (systematic reviews and random-
ized controlled trials where available). Following review, all 
studies that did not report relevant information were exclud-
ed. The inclusion and exclusion criteria, in accordance with 
PICO criteria (15), are shown in table I. 
3) Based on the literature review process, the authors provid-
ed a comprehensive summary document divided into nine 
different sections, i.e.:
1. FAI syndrome epidemiology in the athletes.
2. Clinical evaluation.
3. Radiological evaluation.
4. Conservative treatment.
5. Surgical selection criteria.
6. Surgical techniques.
7. Post-surgical rehabilitation and return to play.
8. Outcome evaluation.
9. FAI associated clinical frameworks. 
The document was delivered to each expert participat-
ing at the CC, and was considered as a starting point for 
discussion.
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Consensus conference presentation
The CC experts aimed to approve the nine separate 
sections. 
During the discussion, each section was first presented by 
a facilitator (RZ, GNB, MP, DP and FDP), after which a 
plenary discussion followed, guided by the chairman (NS), 
and voting then took place.
The CC experts voted for each document, using a Likert 
scale of 0-10 (16), where 0 reflected complete disagreement, 
5 neither agreement nor disagreement and 10 complete 
agreement. The discussions continued until a mean score 
of > 7.5 was reached, or until the chairman considered that 
no further agreement could be found (3, 16-18).
During the discussion of each section, the documents were 
modified according to the indications of the experts and 
the final version was then voted. The voting results are 
shown in table II. 

RESULTS 

Section 1. Summary of FAI syndrome 
epidemiology in the athletes 
document consensus
Data emerging from literature agree that intensive sport 
activity during pediatric age, and more precisely before 
physeal closure, is related to an increased risk of developing 
Cam-morphology (11, 19, 20).
CC experts, based on these data, suggest that the modula-
tion of the type, duration and frequency of training loads 
to be applied during the growth period, represents an 
effective if not the only form of prevention of “Cam-de-
formity” (10, 21, 22). This prevention strategy involves 
modifying the training scheme, even if it is not yet 
completely clear which  precise parameters ought to be 
respected (10, 21).

Table I. Inclusion and Exclusion Criteria following PICO Criteria (15). 

Inclusion criteria

Patient and problem 
RCT, case-series studies, systematic review and consensus statement investigating FAI-syndrome in athletes

Intervention 
Clinical assessment, radiological assessment, conservative treatment, surgical criteria, surgical techniques, post-surgical rehabilitation, 
outcomes, associated pathologies

Comparator 
Comparison between different radiological assessments, conservative treatments, surgical criteria, surgical techniques, post-surgical 
rehabilitations, outcomes

Outcome 
Time lost to injury, level of return to play, level of performance, level of satisfaction, complications, and sequelae

Exclusion criteria

Patient and problem 
RCT, case-series studies, systematic review and consensus statement investigating FAI-syndrome in a non-sports population

Intervention 
Clinical assessment, radiological assessment, conservative treatment, surgical criteria, surgical techniques, post-surgical rehabilitation, 
outcomes, associated pathologies in a non-sports population

Comparison 
Comparison between different radiological assessments, conservative treatments, surgical criteria, surgical techniques, post-surgical 
rehabilitations, outcomes in a non-sports population

Outcome 
Unspecified outcome of time lost to injury, level of return to play, level of performance, level of satisfaction, complications 
and sequelae 
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Table II. The results of the different voting rounds regarding the 9 different sections of the final document.

Section Voting score
Epidemiology of FAI Syndrome in Athletes

8.7 ± 1.6
Intensive sport activity during pediatric age is it related to an increased risk of 
developing Cam-morphology?

Is there a form of prevention of “Cam-deformity”?

Clinical evaluation

8.8 ± 1.3

What are the commonly used tests in clinical practice?

    What is their specificity and sensitivity?

Does exists specific symptoms or clinical signs confirming particular differences 
between athletes and sedentary subjects?

Does exists specific symptoms or clinical signs confirming particular differences 
between professional and non-professional athletes?

It is necessary to evaluate the range of hip motion and to perform a dynamometric 
assessment of the hip muscles?

What is the interest of a local anesthetic injection test in the clinical evaluation?

Radiological Evaluation

9.0 ± 1.2
How the first level of radiological assessment should be structured?

Does the presence of Pincer- and/or Cam-morphology, without symptoms and 
clinical signs, justify the diagnosis of FAI-syndrome in the athlete?

How the second level of radiological assessment should be structured?

Conservative treatment

9.0 ± 1.1
What are the main points of a conservative treatment for the athletes?

What are the main information to give to the athlete adopting a 
conservative program?

Surgical selection criteria

8.7 ± 1.2

What are inclusion and exclusion criteria for surgery?

Does ROM evaluation a discriminating factor for surgical treatment?

Does the use of PROMPS an useful criteria for indicating surgical treatment?

Surgical techniques

9.1 ± 1.1

What are the main points of the surgical treatment of FAI syndrome?

There are some differences between arthroscopic, open and mini-open techniques 
surgery in terms of functional results, biomechanics and return to sport outcome?

What is the surgical approach recommended for athletes with high 
functional demands?

Post-surgical rehabilitation and return to play

9.1 ± 1.0
What are the suggested post-surgical physiotherapy programs?

What are the main points of the post-surgical physiotherapy program?

What are the tests for RTP decision-making process?

Outcome evaluation

9.7 ± 0.8
What are the recommended PROMPS to use in the early and advanced stages of 
the rehabilitation process?

What is the role of the psychological aspect in the decision process of RTP?

FAI-associated clinical frameworks

9.1 ± 0.9
What are the clinical frameworks frequently associated with Cam-FAI?

How may these associated clinical frameworks to perturb the hip biomechanics?

How the CAM-Fai may generate some associated clinical frameworks?
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Section 2. Summary of clinical evaluation 
document consensus
The CC established that the FAI syndrome represents a “hip 
functional-related pathology showing symptoms, clinical signs 
and radiological imaging of FAI morphology, which becomes 
pronounced in circumstances of high functional demand, typi-
cal of some sport activities requiring repetitive over-physio-
logical movements of the hip, which result in abnormal joint 
contact”. 
CC experts also specify that the FAI-syndrome does not 
include other hip extra-articular impingement clinical 
frameworks like sub-spine impingement, ischiofemoral 
impingement or greater throchanteric impingement. 
In a clinical context, the CC agrees that diagnosis of 
FAI syndrome does not depend on a single on a single 
clinical sign.
The CC points out that the tests commonly used in clinical 
practice show very heterogeneous levels of specificity and 
sensitivity, i.e.: 
• The Flexion-Adduction-Internal Rotation test 

(FADDIR), is sensitive (0.78) but not specific 
(0.10) (23, 24).

• The Dynamic Internal Rotatory Impingement test 
(DIRIT) shows high specificity (1) but moderate sensi-
tivity (0.59) (25).

• The Posterior Rim Impingement test shows high speci-
ficity (1) but  low sensitivity (0.21) (25, 26).

• The Flexion-Abduction-External Rotation test (FABER) 
shows high sensitivity (0.9-1) and high specificity (0.9-1) 
(25, 27, 28).

• The Log Roll test has high specificity (0.9-1) but low 
sensitivity (0.3) (26, 29).

Hence, the CC suggests evaluating, carefully and accu-
rately, the specificity and sensitivity of the tests employed 
during the clinical assessment. 
CC experts acknowledged that no specific symptoms nor 
clinical signs confirmed particular differences between 
athletes and sedentary subjects; furthermore, no differenc-
es in clinical signs and symptoms exist between profession-
al and non-professional athletes (23). 
The CC suggests evaluating the range of hip motion and 
performing a dynamometric assessment of the hip muscles. 
When it is difficult to establish whether the pain experi-
enced stems from the hip joint or from other anatomical 
structures, the CC experts suggest performing a local anes-
thetic injection test (30, 31).

Section 3. Summary of the radiological 
evaluation document consensus
The first level of radiological evaluation consists in RX 
examination performed on:

1. Antero posterior view of the orthostatic position (AP) 
(26, 32, 33).

2. 45° Dunn view (32, 34).
The CC suggests that the evaluation of Pincer-morphology 
should be extrapolated by the AP view with the calculation 
of Central Edge Angle (CEA) and the presence of cross sign 
(35-37). Concerning the CEA cut-off value, the CC agrees 
that a value ≥ 40° indicates a “Pincher morphology”, while 
a value ≤ 20° indicates an acetabular under-coverage and 
consequently, possible joint instability (38-40).
Furthermore, the CC suggests that the evaluation of 
Cam-morphology should be extrapolated by the 45° Dunn 
view with calculation of the alpha angle (41, 42). Concern-
ing the alpha angle cut-off value, the CC agrees that a value 
> 55° indicates “Cam morphology” (41, 42).
The CC experts underline that the presence of Pincer- and/
or Cam-morphology, in a subject that does not show specific 
symptoms and clinical signs, does not justify the diagnosis of 
FAI-syndrome (3, 43, 44).
Moreover, the CC experts underline the fact that hip 
impingement is a motion-related situation resulting from a 
complex interaction between the acetabulum and the femo-
ral neck whereas the RX examination is a static evaluation. 
For this reason, the CC suggests careful evaluation of RX 
images in the context of the movements usually performed 
by the athlete during sporting activity.  
The second level radiological examination consists in MRI 
examination performed on both the hip and the pelvis. MRI 
assessment should be performed with no less than a 1.5 or 
3 Tesla device (45, 46).  Finally, the experts suggest the use 
of arthro-MRI examination for chondral and labral damage 
assessment (47, 48).  

Section 4. Summary of conservative treatment 
document consensus
CC recommendations include FAI-syndrome conservative 
programs focused on controlling and modifying the articu-
lar mechanical loads so as to limit the progression of the FAI 
syndrome. This CC recommends that the patient be made 
aware of the fact that a FAI conservative program is based 
on the modification of technical movements and the limita-
tion of functional request (17, 49-51). This strategy must be 
based on the following four main points (52-57):
1. Strengthening of hip muscles and improvement of neuro-

motor control.
2. Optimal control of core muscles.
3. Reduced request for extreme range of motion (ROM) 

movements. 
4. The patient must be aware of the functional limitations 

imposed by this clinical condition. The CC particularly 
recommends that the patient avoid or, at the very least, 
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limit extreme rotation of the hip especially when carried 
out together with a movement of flexion or extension.

Section 5. Summary of surgical selection criteria 
document consensus
Studies available in literature have brought the CC experts 
to propose the following inclusion and exclusion criteria 
for surgery: 
1. Age (58, 59).
2. Clinical presentation (27, 60).
3. Severity of chondral damage (61, 62).
4. Degree of osteoarthritis (63).
5. Associated inguinal pathologies (17, 22).
6. Body mass index (59, 64).
Furthermore, the CC considers age as a relative contra-
indication. 
The CC suggests to consider the duration of pre-operative 
symptoms for the outcome prediction (27, 60, 65-67).
The CC propose that a severe degree of chondropathy (IV° 
degree following the Outerbridge classification) should be 
considered as an important exclusion criteria for determin-
ing FAI surgery. Therefore, the CC experts suggest that 
surgery should be indicated only in certain cases for profes-
sional athletes, with severe chondropathy. 
CC experts agree that clinical and accurate radiograph-
ic examination represent fundamental points for surgical 
selection (12, 68).
A Tonnis value ≥ 1 and a joint space < 2 mm should be 
considered the lim.it beyond which arthroscopy is no longer 
indicated.
The CC experts agree that ROM evaluation is not a discrim-
inating factor for indicating surgical treatment (except for 
an osteoarthritic clinical framework).
The CC considers the use of patient reported outcomes 
(PROMPS), evaluation of hip-muscle strength and 
ROM to be equally useful criteria for indicating surgical 
treatment (60).

Section 6. Summary of surgical techniques 
document consensus
The CC established the main points of FAI-syndrome surgi-
cal treatment in athletes to be: 
1. Articular decompression.
2. Interruption or slowing down of the degenerative 

processes of cartilage tissue. 
3. Obtaining an outcome which allows athletes to return to 

sporting activity.
From data present in literature today, the CC experts have 
concluded that arthroscopic surgery, open surgery and mini-
open techniques surgery are equivalent in terms of func-
tional results, biomechanics and return to sport outcome. 

Nevertheless, since arthroscopic techniques display lower 
complication and morbidity risks (70), and rapid recovery 
(2, 71, 72), the CC recommend an arthroscopy approach 
both in athletes and in subjects performing sports with high 
functional requests.

Section 7. Summary of post-surgical 
rehabilitation and return to play 
document consensus
This CC suggests a post-surgical program of physiotherapy 
based on 4 phases which respect the following points: 

First phase 
The duration of the first phase depends on the surgical 
procedure performed (73, 74).
The objectives of this first phase are:
1. Biological protection of repaired tissues.
2. Reduction of pain and inflammation.
3. Prevention of muscle inhibition.
4. ROM recovery.
The load on the affected limb must be limited to 9-10 kg 
(i.e., 20 lbs) for an average of 2 weeks. After this period, the 
patient proceeds with body weight according to tolerance.
The ROM passive exercises have the following limitations:
1. Flexion: 90° (to progress up to 110° by the end of 

first phase).
2. Extension: 0° (to progress up to 10° by the end of 

first phase).
3. Abduction: from 25° to 30°.
4. Adduction: initially limited to neutral and then carefully 

increased.
5. Internal rotation (with 90° hip flexion): 0° and then care-

ful increase to 30° by the end of the first phase.
6. Internal rotation in prone position: limited by 

patient comfort.
7. External rotation (with 90° hip flexion): 15°.
8. External rotation in prone position: limited by 

patient comfort.

Second phase
The objectives of the second phase are:
1. The biological protection of repaired tissues.
2. The total ROM recovery.
3. The recovery of a normal gait cycle with total body weight.
4. The strengthening of hip muscles.
Furthermore, the use of hip braces and CPM devices, if 
adopted, is suspended (in absence of complications).

Third phase
The third phase generally lasts from the ninth week to the 
twelfth or thirteenth week.
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The objectives of the third phase are:
1. Recovery of muscle strength. The strength, measured by 

dynamometric tests, must reach 80-85% of the contralat-
eral limb or of the basal values. 

2. Achievement of total proprioceptive control. 
3. Achieving satisfactory aerobic conditions (if required by 

the sporting activity practiced).

Fourth phase 
Duration of the third phase is generally from the twelfth or 
thirteenth week to the sixteenth or eighteenth week. 
During this phase, patients gradually meet the performance 
model of the sporting activity practiced. This phase corre-
sponds to the return to play (RTP).
The CC recommends the following test for RTP deci-
sion-making process:
1. Y Balance Test or in alternative the Y balance test (75).
2. Single Hop for Distance Tests,”Triple Hop for Distance 

Test” and the “Triple Crossover Hop for Distance 
Test (75).

3. Drop Jump Test (75).
4. Vail Hip Sport Test (75-77).
5. T agility (78).
6. Tuck Jump Exercise test (79).
Furthermore, the biomechanics of running at constant 
speed and sprinting must be correct and pain-free (75).

Section 8. Summary of outcomes evaluation 
document consensus
Based on current literature, the CC recommends use of the 
Hip Outcome score (HOS) (80-82) both in early and advanced 
stages of rehabilitation processes, even if the questionnaire 
suffers from a lack of validation in the Italian language. 
However, the CC experts point out that during phase III of 
the rehabilitation process, the results of the HOS sub-scales, 
relating to sports, could still be unsatisfactory (75). 
Furthermore, this CC agrees on the utility of recording the 
RTP level (same, higher, lower), the level of athlete perfor-
mance when returning to the same sports level (same, high-
er, lower) and the satisfaction level of the athlete (0-10) in 
the period following surgery.
Finally, the CC experts agree on the importance of 
the psychological aspect in the RTP decision making 
process (83-85).

Section 9. Summary of FAI overload associated 
syndromes document consensus
The CC recommends, in patients with Cam-FAI, a care-
ful evaluation of the following clinical frameworks that are 
frequently associated with Cam-FAI (17, 22):

1. Inguinal hernia.
2. Posterior inguinal wall weakness.
3. Conjoint tendon lesion.
4. Inguinal ligament lesion.
5. Rectus abdominis distal insertion lesions.
6. External obliquus, internal obliquus and pyramida-

lis lesions.
7. Rectus abdominis-adductor longus common aponeuro-

sis lesions.
8. Pre-aponeurotic capsule lesions. 

DISCUSSION 
The Italian Consensus Conference on FAI-syndrome in 
athletes is, to the best of our knowledge, the first CC specif-
ically aimed at sports patients. Indeed, sporting populations 
require both a particular clinical-diagnostic evaluation and 
a specific therapeutic and rehabilitative approach. Further-
more, sport populations, particularly those involved in sports 
which command high functional requests of the hip joint, 
show significantly higher incidences of FAI-morphology, 
compared to non-sporting populations (10, 11). Data emerg-
ing from literature agree that intensive sport activity during 
pediatric age, and more precisely before physeal closure, is 
related to an increased risk of developing Cam morpholo-
gy (8, 86, 87). The Cam-morphology becomes stable after 
growth plate closure (11, 19, 20). This risk is higher for males 
than for females but further studies are needed to confirm 
this data (11, 20). To date, there are insufficient data in 
literature concerning ethnic differences in both acetabular 
morphology and femoral bone response to athletic loads. 
Furthermore, it seems that Middle-Eastern athletes have a 
lower risk of developing CAM morphology compared to 
other sport populations (88). For these reasons, the modula-
tion of training load during the growth period represents an 
effective form of prevention of “Cam-deformity” (21).
The most important symptom that FAI-syndrome presents is 
the pain experienced mainly in the hip and groin area but also 
in the lower back region, buttock or in the lateral and posteri-
or regions of the thigh. The pain is usually movement-related 
although it may sometimes be associated with static-positions 
such as long periods of sitting (26, 89). Furthermore, clicking, 
loss of range of articular motion (especially in intra-rotation) 
stiffness, sensitivity or giving-way may be referred with a FAI 
syndrome clinical framework (3, 90-92). Since internal rota-
tion of the hip is usually limited in the FAI-syndrome (3, 22) 
the muscles around the hip joint are frequently weak (93). 
The diagnosis of FAI syndrome does not depend on a single 
clinical sign and the use of several diagnostic tests in clini-
cal practice is recommended. It is also important to note that 
no differences in symptoms or clinical signs exist between 
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athletes and sedentary subjects or between professional and 
non-professional athletes (23).
The radiological evaluation is an important aspect of FAI 
diagnosis and is based both on RX and MRI. Given that 
the sensibility and specificity of MRI for labral and cartilage 
damage are respectively 30% and 36% (94), whereas arthro-
MRI yields sensibility and specificity values of 91% and 86% 
respectively (95) the use of arthro-MRI examination for chon-
dral and labral damage assessment is recommended (47, 48).
To our knowledge, no scientific evidence found in literature 
points to a preferential program for the conservative treat-
ment of FAI-syndrome (49). Indeed, all existing conser-
vative programs are based on expert advice and clinical 
experience (level of evidence IV, grade of recommendation 
D): the conservative treatment for FAI-syndrome is based 
substantially on the same conservative strategy recommend-
ed for osteoarthritis (50 57).
Since hip flexion and hip extension (51-53) may increase the 
mechanical load at the femur head-knee junction, limiting hip 
flexion, extension internal rotation and abduction is a funda-
mental aspect of FAI conservative programs (17, 51, 53-56).
One of the most challenging aspects of treating athletes 
with FAI syndrome is the correct choice of inclusion and 
exclusion criteria for determining surgical intervention 
(64). Concerning the clinical presentation, some studies 
show that optimal cutoff value of “pain duration before 
surgery” as a predictor of negative outcome was 9.5 months. 
Indeed, a greater duration of preoperatively pain symptoms 
predicts a lower Harris Hip Score and an increased failure 
rate (65, 66).  The degenerative condition of cartilage tissue 
represents an important limit to treatment with surgery 
(96, 97). However, some studies show that the post-surgi-
cal outcome and the return to sports activity seem encour-
aging even in the presence of chondropathy (6, 98). On 
the contrary, others studies show that an alpha angle > 78° 
may predict Outerbridge IV° cartilage damage and there-
fore negatively affect the post-surgical outcome (11, 98, 99). 
The caution in advocating surgery in cases of severe chon-
dropathy is justified by the fact that the follow-up studies 
for these interventions are still too few to be able to yield 
objective conclusions (100). Adopting a surgical approach 
in athletes suffering from a progressive osteoarthritic clin-
ical framework remains controversial, as can be seen in 
current literature. Furthermore, a cut-off limit for carti-
laginous damage, caused by osteoarthritic degeneration, to 
be used as exclusion or inclusion surgical criteria, does not 
emerge from current literature. Current studies show that 
a Tonnis value ≥ 1 and a joint space < 2 mm, are correlat-
ed to an inferior clinical outcome and to a greater tendency 
towards hip arthroplasty (12, 67). The CC considers these 
data to be the limit beyond which arthroscopy is no longer 

indicated. Furthermore, the CC underline that for decid-
ing upon surgical treatment within an osteoarthritic clinical 
framework, joint stiffness is an important aspect to consider. 
Indeed, a 10° reduction in intra-rotation greatly increases 
the risk of the condition evolving towards osteoarthritis (23). 
Concerning the athlete another important point to consider 
is the ROM. Since athletes present very different ranges of 
motion depending on their sporting activity (101-103), the 
CC experts agree that ROM evaluation is not a discriminat-
ing factor for indicating surgical treatment (except for an 
osteoarthritic clinical framework as mentioned above).
Although surgical treatment of FAI has become more 
common, the clinical evidence supporting which kind of 
technique should be used is open to debate (104-106). This 
lack of consensus in literature results mainly from the limit-
ed number of studies published, the heterogeneous study 
methods and the relative great number of surgical tech-
niques described in the different studies (105). The surgi-
cal techniques are arthroscopy, open surgery and mini-open 
techniques. There are no statistically significant results in 
favor of one particular technique nor for a combination 
of techniques (107-109). To date, consensus in literature 
shows an increasing improvement in the results obtained 
with arthroscopic surgery; this positive trend is justified 
by the improvement of both technology and surgical tech-
niques (110).
Few studies exist in literature that focus on guidelines for 
post-surgery physiotherapy programs for acetabular labrum 
lesions and/or femoral osteochondroplasty (74, 111-116). 
As for conservative treatments, post-surgical rehabilitation 
treatments are based on expert advice (Level of evidence IV): 
consequently, there is a lack of data regarding the outcomes 
of the rehabilitation protocols proposed (75). Nonetheless, 
the majority of the programs proposed are typically divid-
ed into 3, sometimes 4 or even 5 different phases (73, 116). 
The CC propose to adopt a rehabilitation program divid-
ed in 4 phases. Data emerging from literature show that 
most athletes can return to sport after hip arthroscopy (5-7, 
117-119): the range of RTP is between 73% and 93% (5, 
117). Data from literature also show that there is a differ-
ence in outcome between professional and non-professional 
athletes, with a better outcome witnessed for professionals 
compared to non-professionals (6, 7, 118, 119). However, 
the CC points out that it is challenging to define when, and 
if, RTP is at the same pre-injury level because of the lack of 
relevant data: several authors report that, 82% of athletes 
RTP at the same pre-injury level (119). The time needed 
to return to sports activity, has been reported to vary and 
range from 4 to 14 months (5, 7, 117, 119, 120). Most of 
the papers published have short follow-ups. Papers with a 
follow-up period of 2 years do not report any deterioration 
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in performance (121) but report a 5% reduction in sports 
participation at high levels of activity (6) and a 6% reduc-
tion of games played (7).
Another important point is the use of PROMPS. To date, 
in literature many PROMPS are used to evaluate clinical 
outcomes following hip arthroscopy. The CC experts under-
line the following points for adopting PROMPS: 
1. Specific PROMPS are necessary to reveal, in a specific 

and sensitive manner, the level of hip functionality with-
out incurring in the “ceiling effect” (122). 

2. The Western Ontario and McMaster University Arthri-
tis Index (WOMAC), the Hip disability and Osteoarthri-
tis Outcome Score (HOOS) and the Lower Extremity 
Functional Scale (LEFS) do not show sufficient evidence 
to justify their use in verifying the outcome of arthroscop-
ic hip surgery (75).  

3. The Modified Harris Hip Score (MHHS) and the 
Non-arthritic Hip Score (NHS) are not sensitive enough 
to be able to record changes in high levels of function-
ality (75).

4. The Copenaghen Hip and Groin Outcome Score 
(HAGOS) was validated for the conservative treatment 
of non-osteoarthritic pain (75).  

5. The International Hip Outcome Tool (iHOT-33) is reli-
able and exhibits validity and responsiveness towards 
functional changes. However, its clinical use involves 
excessive periods of time (123), whereas the iHOT-12 

(124) is not sufficiently complete (75).
6. In literature, there is a certain consensus for the use of 

the Hip Outcome score (HOS), justified by the fact that 
the HOS contains both a sub-scale for the ADL and for 
sports activities. Furthermore, the HOS shows a partic-
ular specificity and sensitivity in the evaluation of high 
levels of physical ability (80-82).

Based on current literature, the CC recommends use of 
HOS both during the rehabilitation processes (80-82).
Many studies report the association between Cam morphol-
ogy and inguinal pathologies in literature (20, 22, 125, 126).
The term “inguinal pathologies”, in accordance with the 
“Groin Pain Syndrome Italian Consensus Conference on Termi-
nology, Clinical Evaluation and Imaging Assessment in Groin 
Pain in Athletes” (17) includes a vast range of conditions, i.e.:
1. Inguinal hernia.
2. Posterior inguinal wall weakness.
3. Conjoint tendon lesion.
4. Inguinal ligament lesion.
5. Rectus abdominis distal insertion lesions.
6. External obliquus, internal obliquus and pyramida-

lis lesions. 
7. Rectus abdominis-adductor longus common aponeuro-

sis lesions.

8. Pre-aponeurotic capsule lesions. 
The association between Cam morphology and inguinal 
pathologies can be explained by the reduction in normal 
hip intra-rotation observed in Cam-FAI. This ROM limita-
tion is due to the impingement between the ball-shaped 
head of the femur and the articular rim (127). This condi-
tion may cause an increase in the stiffness of the hip joint 
capsule (128, 129), which is often compensated for by 
exaggerated mobilization of the symphyseal joint which, in 
turn, may cause the onset of inguinal pathologies as well 
as pubic osteopathy and adductor tendinopathy (18, 22, 
128, 130-133). For these reasons, the  CC recommends, in 
patients with Cam-FAI, a careful evaluation of the above 
mentioned clinical frameworks that are frequently associ-
ated with Cam-FAI.
Finally, we acknowledge that our consensus, despite 
engaging a large number of experts, provides ‘level 4’ 
evidence. The authors both anticipate, and welcome, 
constructive discussion on areas where others may have 
data we have missed, opinions that diverge from ours, and 
suggestions for new investigations. We appreciate that the 
overarching goal of sports and exercise medicine research 
is to improve the return to sports activities for all sports-
men and women.

Limitations of the study
The most important limitation of this study is that a CC 
only provides only a “level 4” evidence. This limitation is 
directly related to the nature of a CC, whose purpose is also 
to stimulate intellectual reflection for further studies. For 
this reason, further studies with to confirm the suggestion 
formulated by this CC are grounds for future research.

CONCLUSIONS
This CC was specifically focused on the problematic of 
FAI-syndrome in athletes. At the best of our knowledge was 
the first CC concerning this topic. The CC furnishes sugges-
tions concerning clinical evaluation, radiological evaluation, 
conservative treatment, surgical selection criteria, surgical 
techniques, post-surgical rehabilitation, outcome evaluation 
and FAI-associated clinical frameworks.
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SUMMARY
Background. Dynamic stretching (DS) and foam rolling (FR) are frequently being 
used as warm-up to improve bio-motor ability. The review aimed to compare the acute 
effects (immediate and five minutes post-intervention) of DS and FR on flexibility, 
jump height, and muscular strength in the athletic and physically active population. 
Methods. Electronic databases (Medline/PubMed, Web of Science, Scopus, Google 
Scholar, Cochrane Library, PEDro, and Hooked on evidence databases) were searched 
to obtain relevant studies. The methodological quality of the studies was assessed with 
the Physiotherapy evidence database (PEDro) scale. Meta-analysis was performed 
using the Rev Man 5.3 software to pool outcomes using the random-effects model, 
standardized mean difference (SMD) and 95% confidence interval (CI), and signifi-
cance level set to p < 0.05. 
Results. 406 papers were found and eight were included (n = 174).There was no 
significant mean difference between FR and DS on flexibility (immediate) (SMD: 0.15 
(95%CI 0.23-0.52); p = 0.45), flexibility (five-minute) (SMD: 0.11 (95%CI -0.26-0.48); 
p = 0.55), jump height (immediate) (SMD: 0.20 (95%CI 0.12-0.53); p = 0.22), leg 
extensor strength (immediate)  (SMD: 0.28 (95%CI 0.34-0.89); p = 0.37) and leg flex-
or strength (immediate) (SMD: 0.69 (95%CI 0.52-1.91); p = 0.26). The dosimetry 
from the qualitative summarization of studies suggests 2 sets (60 seconds each) of each 
FR and DS were performed on each muscle of the lower quadrant.
Conclusions. FR and DS exert similar magnitude of effect on flexibility, jump height, 
and muscular strength. The findings could help clinicians plan mode of warm-up 
for athletes.
Study registration. The study was registered in PROSPERO vide n. CRD42021225107.
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Flexibility; jump height; myofascial release; strength; stretching.
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INTRODUCTION
Before engaging in any sports activities, warm-up training is 
of paramount importance as it prepares the body for vigor-
ous activities, enhances performance, and contributes to 

steering clear of injury (1). An appropriately planned warm-
up can have a greater impact on sports performance, increase 
the pace of force-generating quantity of muscle cells (2-5), 
increase metabolic activity (6) and achieve explosive power 
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and coordination to increase flexibility (7). A greater risk of 
muscle injury can be a result of lower levels of flexibility (8, 
9). Flexibility is an essential part of adequate musculoskeletal 
characteristics (10) and is defined as the potential to voluntari-
ly move a joint through its full range of motion (ROM) (11). 
Flexibility is an important component for both prevention 
and the rehabilitation of musculoskeletal injuries (10) and is 
necessary for safe and effective sports participation. Jumping 
force is considered one of the primary characteristics and it 
greatly influences performance in sports that requires jump-
ing (12). Vertical jumping is a complicated human movement 
that desires intense motor integration between upper and 
lower body segments (13). A person’s maximum jump height, 
which is a measure of leg muscle power, can give important 
normative information about a person’s functional capacity 
and performance in numerous sports (14). Jumping perfor-
mance ability is controlled by a person’s capacity to use the 
elastic and neural profits of the stretch-shortening cycle (15). 
The ability to exert force on an external entity or resistance 
is known as muscular strength (16, 17). Better jumping, 
sprinting and sport-specific success are all linked to muscu-
lar strength. However muscular strength is crucial for athletic 
performance and injury prevention (18).
Before sports performance, among different types of 
stretching exercises, dynamic stretching (DS) is proposed 
for tissue health and performance boosting (19-21). DS 
allows entire body movements and requires actively extend-
ing a joint across its ROM without holding the movement at 
its endpoint (19, 22). DS provides the sport-specific warm-
up, enhances muscle temperature, decreases muscle stiff-
ness (23), improves nerve conduction, and increases meta-
bolic rates associated with the phosphagen and glycolytic 
energy system (24). Studies have demonstrated that DS is 
successful in improving lower limb flexibility, maximal 
muscle strength, and vertical jump height without detrimen-
tal effects on performance (19, 25, 26).
Foam rolling (FR) has grown in popularity among the gener-
al population (27) and in recent years FR has been includ-
ed in training programs (28). FR is a self-myofascial release 
technique where a solid foam cylinder is rolled backward 
and forward over the muscle and fascia (27). At the time 
of rolling, direct and sweep pressure is applied to the soft 
tissue, which results in fascial mobilization and increased 
ROM. FR creates friction, breaks fascial adhesions remove 
mechanical restrictions from the myofascial tissue, and 
restores lower limb flexibility (29-32). Furthermore, the 
FR technique aims to improve mobility and ROM, without 
detrimental effects on neuromuscular force development 
(33). Because of the likely potential physiological mech-
anism, it is accepted that FR helps both athletes and the 
physically active population in enhancing sports perfor-

mance as well as recovery from exhausting physical activ-
ities (34). The benefit of the FR protocol is that it increases 
lower limb flexibility without related decreases in explosive 
strength, sprint time, or jump height (33).
Some research studies have been conducted to identify the 
most prudent warm-up protocol during the pre-exercise 
protocol (27, 28, 30). This will assist the athletes, coaches, 
and other sports professionals in including the pre-exercise 
protocol that benefits the most athlete’s performance. Wilke 
et al. (35) conducted a systematic review on the acute effect 
of FR on ROM healthy adults and found FR as an effective 
method to induce acute improvement in lower limb flexibili-
ty. Opplert and Babault (36) published a review article on the 
acute effects of DS on muscle flexibility and performance and 
represent DS as a more effective modality than static stretch-
ing to be applied before explosive and high-speed activities. 
The present study differentiates itself from other trials in 
terms of its objective (present study included studies that 
compared the acute effects (immediate and 5 minutes 
post-intervention) of DS and FR to enhance muscle strength 
and physical performance marker) and its outcomes 
measures (lower quadrant flexibility, jump height and 
muscular strength of quadriceps and hamstring muscle). 
Nevertheless, the evidence to show the impact outcome 
effect of FR and DS on lower quadrant flexibility, jump 
height, and muscular strength (Quadricep and Hamstring) 
is limited and inconclusive. Contrasting results, inadequate 
RCTs, and inconsistencies associated with attributes used 
in studies across the board could be some of the reasons. 
These reasons make it essential to investigate the effect of 
FR & DS on physical performance. Over and above, limited 
systematic review and meta-analysis could be found which 
may have assessed the literature and deliberated the effect 
of FR and DS on lower quadrant flexibility, jump height, 
and muscular strength (Quadricep and Hamstring). 
Therefore, this systematic review and meta-analysis aimed 
to investigate the acute effects (immediate and five minutes 
post-intervention) of FR and DS on lower quadrant flexi-
bility, jump height, and muscular strength (Quadricep and 
Hamstring) in the athletic and physically active popula-
tion. This information regarding the effect of FR and DS 
on sports-specific bio-motor abilities in athletic/physically 
active populations will provide an understanding of how to 
manipulate the sports performance level by using FR and 
DS as adjunct warm-up aids.

METHODS
The present systematic review and meta-analysis were 
performed following the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) guide-
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lines. The component of the structured PICO format was 
mentioned as follows:
P (Population): Athlete & Physically active
I (Intervention): FR (Immediate and five minutes post-in-
tervention)
C (Comparison): DS (Immediate and five minutes post-in-
tervention)
O (Outcomes): Lower quadrant flexibility (Quadricep femo-
ris, Hamstring, Gluteus maximus, and Gastrocnemius), 
Jump height (CMJ), and Muscular strength (Hamstring and 
Quadricep femoris).

Search strategy
Studies that were published in the English language 
and the studies that inspected the impact of DS and FR 
on lower quadrant flexibility, jump height and muscu-
lar strength (Quadriceps femoris and Hamstring) were 
included in this study. Literature was searched till Novem-
ber 2021 independently by the four authors through elec-
tronic database searches using Medline/PubMed, Web of 
Science (WoS), Google Scholar, Cochrane library, Pedro, 
Hooked on evidence, and Scopus databases using several 
keywords: (“Dynamic stretching”, “Foam rolling”, “Flexibil-
ity”, “Range of motion”, “Self-myofascial release”, “Self-mas-
sage”, “Myofascial Foam Rolling”, “Dynamic Exercise”, 
“Jump Height”, “Vertical jump”, “Muscular Strength”) and 
connected by Boolean operator logic (“AND” and “OR”) as 
shown in (figure 1). Additionally, we restricted our search to 
studies involving the human population and studies which 
were published in English. The study selection flow chart is 
shown in (figure 2).

Study selection criteria
All four authors (ND, DK, SM and SS) assessed the screen-
ing of the eligible studies to be included in this systematic 

review. The evaluation of the articles was primarily based on 
the title followed by the abstract. Lastly, if preliminary screen-
ing couldn’t decide the eligibility, then the full text of the arti-
cle was reviewed based on inclusion and exclusion criteria. 
Study inclusion and exclusion criteria (table I) are as follows:
Inclusion criteria (studies were included if they met the 
following eligibility criteria):
1. Randomized Control Trial studies. 
2. Studies that included athletes and the physically active 
population (age: 18-40 years).
3. Studies in which FR and DS were compared.
4. Studies that examined the effects of at least one outcome 
measure related to lower limb flexibility, jump height, and 
muscular strength of quadriceps femoris and hamstring 
(immediately and five minutes post-intervention).
5. Studies investigating the human population only.
6. Studies that were published from 2017-2021.
Exclusion criteria (studies were excluded if):
1) Studies that included intervention on lower limb muscu-
loskeletal injury.
2) Non-RCT trials, case reports, meta-analyses, systematic 
reviews, or review articles.
3) Studies that were not published in the English language.

Methodological quality assessment
The quality of the included studies was assessed with the 
Physiotherapy evidence database scale (PEDro) which 
has been revealed to represent high reliability and validi-
ty for this purpose (37). Three authors (ND, DK & SM) Figure 1. Search strategies using different keywords.

Figure 2.  PRISMA flow chart. 
Schematic breakdown of literature search results. 
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independently scored the studies, and disagreements were 
resolved through discussion with the fourth author (SS). 
The methodological quality of included studies was assessed 
based on 11 criteria: eligibility criteria, randomized alloca-
tion, concealed allocation, comparable at baseline, blinding 
of the subject, blinding of a therapist, blinding of assessors, 
adequate follow-up, intention to treat analysis, compara-
ble between groups and point estimates and variability. A 
point was awarded, when the criterion of each category is 
met, excluding criterion number 1. Criterion number 1 is 
not used for the calculation of the total score of the scale. 

Therefore, the 0-10 total score was determined by counting 
the number of criteria satisfied by each study. Study quality 
was rated as poor (PEDro score ≤ 3), fair (PEDro score 4-5), 
or high (PEDro score > 5) (38) (table II). Furthermore, this 
scale acquires adequate reliability (intra-class correlation 
coefficient of 0.68) (39).

Data extraction
For the meta-analysis, we used the Review Manager soft-
ware (version 5.3) of the Cochrane Collaboration to perform 
the quantitative analysis. Three authors (ND, DK, SM) 

Table I. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria
Athlete & Physically active participants (18-40 years) Lower limb musculoskeletal injury studies

Studies in which FR and DS were compared Studies that receive only DS or only FR

Studies that examined the effects of at least one outcome measure 
related to lower limb flexibility, jump height, and muscular strength 

(immediately and five-minute post-intervention)

Studies that don’t examined the effects on lower limb flexibility, 
jump height, and muscular strength (immediately and five 

minute post-intervention)

Studies investigating the human population only Case reports, meta-analyses, systematic reviews or review article

Studies that were published from 2017-2021. Non- English literature
DS: dynamic stretching; FR: foam rolling.

Table II. PEDro Scoring for Assessment of Methodological Quality. 

PEDro scale Behra & 
Jacobson, 2017

Kopec 
et al., 2017

Lopez 
et al., 2021

Pisirici 
et al., 2020

Siebert 
et al., 2020

Smith 
et al., 2018

Somers 
et al., 2019

Su 
et al., 2017

1. Eligibility criteria + + + + + + + +

2. Randomized 
allocation 

+ + + + + + + +

3. Concealed 
allocation

- - - + - - + -

4. Comparable 
at baseline

+ + + + + + + +

5. Blinding of subject - - - - - - + -

6. Blinding 
of therapist

- - - - - - - -

7. Blinding 
of assessors

- - - + - - + -

8. Adequate follow-up + + + + + + + +

9. Intention- to- 
treat analysis

- - - - - - - -

10. Comparison 
between groups

+ + + + + + + +

11. Point estimates 
and variability

+ + + + + + + +

Total Score 5 5 5 7 5 5 8 5
A total score out of 10 is determined from the number of criteria that are satisfied, except that scale item 1 is not used to generate the total score. + Indi-
cates score 1; - Indicates score 0.
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independently explored and pulled out the data from each 
study included for the review and then disagreements were 
resolved through discussion with the fourth author (SS). We 
contacted the corresponding author if any data was not clear 
in the included study. We have selected the Lower quad-
rant flexibility, Vertical jump height, and Muscular strength 
of the hamstring and quadriceps femoris as the primary 
outcome measures. Lower quadrant flexibility is measured 
through Sit and reach test (SRT) in (cm), Modified Thom-
as test (MTT) in degree, Passive hip flexion test (SLRT) in 
degree, and Forward lunge technique in cm. The SRT has 
a test-retest reliability of above 0.90 (40) and was used to 
assess low back and hamstring flexibility (27, 41). MTT is 
used to assess the flexibility of quadriceps muscle (42) and 
the intraclass correlation coefficient (ICC) of ROM measure-
ments was 0.87 for MTT (43). MTT was assessed using an 
inclinometer (43). SLRT was assessed using an inclinometer 
and the ICC of ROM measurements was 0.87 for SLRT (44). 
A weight-bearing lunge technique was used to assess ankle 
dorsiflexion (DF) ROM and the ICC of ROM measurements 
was 0.97-0.99 (44). Countermovement jumps (CMJs) were 
performed on an infrared jump system according to stan-
dard methodology (45). The ICC for this test was 0.90 (46). 
Isokinetic knee extensor and flexor muscle strength were 
assessed using the isokinetic dynamometer (28, 41). The 
peak torque in N.m was recorded (28, 41, 47). The isoki-
netic quadriceps and hamstrings muscle strength measured 
at 60°/second using the Biodex System has high ICC values 
ranging from r = 0.88 to r = 0.97 (48). During extraction, the 
data for different studies were filtered based on a compari-
son among various variables, including participant charac-
teristics (including sample size and age), intervention charac-
teristics, measurement method, design of the study (author’s 
name and year of publication), and the conclusion drawn. 
Pre-intervention Mean ± Standard deviation (SD) and 
Post-intervention Mean ± SD of all outcome measures for 
DS and FR intervention were also extracted. 

Operational group definitions
DS is used as a part of the warm-up phase (28), as DS mimics 
the entire body movement pattern performed during exercise 
and involves actively moving a joint through its ROM without 
holding the movement at its end range (19, 22). DS proto-
col consisted of exercises (straight leg march, forward lunge 
with opposite arm reach, forward lunge with elbow to instep, 
lateral lunge, trunk rotations, and multidirectional skip-
ping exercises) which target gluteus maximus, quadriceps, 
hamstring, and gastrocnemius muscles (27, 28, 30, 41, 49-52). 
Each movement was performed continuously for 2 sets each 
set for 60 sec (50) with 10 sec of rest between each set (30). 
Participants were instructed that the velocity of movement 

had to be slowly increased from 50 to 90% of their maxi-
mal velocity for each exercise (53). DS exercise group includ-
ed studies that used DS protocol and have the potential to 
provide the sport-specific warm-up, decrease muscle stiffness 
and increase joint ROM (27, 28, 41, 49). We excluded studies 
utilizing any other form of stretching interventions (such as 
static stretching or ballistic stretching). Studies that used only 
the FR group as a comparator were included. 
FR is a kind of self-myofascial release technique in which a 
dense foam cylinder is used to roll backward and forward 
over the muscle and fascia to release adhesion on the surface 
of the deep fascia (27). FR was performed with a grid foam 
roller device of medium density. FR was applied to the 
gluteus maximus, quadriceps, hamstring, and gastrocne-
mius muscles (27, 28, 30, 41, 49-52) for 2 sets each set for 
60 sec (50) with 30 sec of rest (27) between each set. Partic-
ipants were instructed to apply pressure to the foam roller 
with as much body weight as possible. FR was conducted 
at a rate of 30 rolls per minute using a metronome to keep 
pace (27). FR group included studies that used FR proto-
col to remove mechanical restrictions from the myofascial 
tissue and increase the flexibility of lower quadrant muscles 
(27, 28, 41, 49). Studies that used only the DS group as a 
comparator were included. 

Data analysis
A meta-analysis was performed to compare changes in the 
effect size between two intervention (DS and FR) groups. 
All analysis was conducted using statistical software Review 
Manager (RevMan) (version 5.3) of the Cochrane Collabo-
ration. The mean and intraclass correlation coefficient (SD) 
for each intervention were used to calculate the standard-
ized mean difference (SMD) for DS and FR intervention 
group. SMD was calculated along with the 95% confidence 
interval and significance level set to p < 0.05. We used the 
following formula for obtaining the SD (54):
SD = [(square root of the number of participants) × (differ-
ence of upper and lower limit of 95% CI)] / 3.92
The effect size of the outcome variables was interpreted by 
the SMD values with a value of 0.2 signifying a small effect 
size, 0.5 depicting a medium effect size, and 0.8 reflecting a 
high effect size (55). Heterogeneity was established by the 
chi-square test and the I2 statistic. The I2 value of 0 to 40% 
indicate low, 30% to 60% moderate, 50% to 90% substan-
tial, and 75% to 100% considerable heterogeneity (54). The 
results of both intervention groups (DS and FR) included in 
this meta-analysis were depicted in forest plots.

Risk of bias assessment
We used the Cochrane risk of bias tool to assess threats to 
bias for 5 domains: randomization process, deviation from 
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the intended intervention, missing outcomes, and selection 
of the reported result (figure 3). Studies were justified to be 
of low risk of bias if all domains are judged to be at low risk 
of bias, high risk of bias if at least one domain is judged to be 
at high risk of bias or if some concern for multiple domains 
and moderate risk of bias if at least one domain is judged to 
be at some concern.  

excluded based on undesired outcome measures and differ-
ences in the type of intervention. Out of 8 included stud-
ies, 7 studies were analyzed for quantitative analysis. A flow 
diagram of the retrieved literature is mentioned in (figure 2).

Participants
The detailed descriptive characteristics of the included 
studies and their treatment regimes are given in (tables III, 
IV). We have included eight articles collectively within age 
groups ranging from 18 to 40 years having 174 participants. 
All the studies demonstrated the inclusion of both 102 male 
and 72 female individuals.

Description of interventions and protocols
For the FR session, participants foam rolled over the (Quad-
ricep femoris, Hamstring, Gluteus maximus, and Gastroc-
nemius), muscles. In three studies (27, 41, 51) participants 
foam rolled on lower quadrant muscles for 3 sets of 30 sec. 
In one study (50) participants foam rolled on lower quad-
rant muscles for 2 sets of 60 sec, and three studies (28, 30, 
49) participants foam rolled on lower quadrant muscles for 
eight-minute and one study (41) foam rolled for 3 minutes. 
For the DS session, the participants performed DS of the 
Quadricep femoris, Hamstring, Gluteus maximus, and 
Gastrocnemius (stretch such as Straight leg march, Forward 
lunge with opposite arm reach, forward lunge with an elbow 
to instep, lateral lunge, trunk rotations, multidirection-
al skipping, Knee lift, leg swing, lateral shuffle, backpedal, 
front kick and downward dog stretch) for 2 sets of 60 sec. 
The exercise protocol has been described in (tables III, IV). 

Outcome measures
Four trials measure the effects on lower quadrant flexibility 
immediately after DS and FR intervention (27, 28, 49, 50), 
whereas the other three trials measure the effects on lower 
quadrant flexibility after the five minutes of intervention (27, 
41, 51). Four trials measure the effects on vertical jump height 
immediately after DS and FR intervention (27, 30, 49, 52). 
Two trials measure the effects on knee flexor muscle strength 
and knee extensor muscle strength (28, 41). No trials found 
measuring the effects of DS and FR on vertical jump height 
and knee flexor and extensor muscle strength after five-min-
ute intervention. Flexibility is measured through different 
methods, namely, SRT (cm), MTT (degree), Straight leg raise 
test (degree), and Forward lunge technique (cm). The verti-
cal jump was measured through the Countermovement jump 
(cm) while muscle (Hamstring and Quadricep) strength 
through peak torque in Newton-meter (Nm). The smallest 
sample size used among searched articles is 11 (49) and the 
largest sample size used is 30 (41).

Figure 3. Risk of bias summary review authors’ judgements about 
each risk of bias item for each included study (Rev Man 5.3). 
+ indicate low risk of bias; - indicate high risk of bias; ? indicate some concern.

RESULTS

Literature search results
With the use of the search strategy from the electronic data-
base search engines, a total of 406 potential studies were 
retrieved. We screened the titles and abstracts of these studies 
in terms of the inclusion and exclusion criteria and identified 
26 studies after excluding the rest of the studies. Then, we 
assigned these studies to further screening by going through 
the full text and removing 18 articles. And then we finally 
included 8 studies in this review. Most of the studies were 
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Quality assessment
The quality assessment of the eight included studies 
(27,28,30,41,49-52) rated fair (score 5) and high (score 7 
and 8) quality when scored on the PEDro scale. Table II 
shows the scores of the PEDro scale for each article includ-
ed in the review. Two studies (30,50) were deemed to have 
high methodological quality and the remaining six studies 
(27, 28, 41, 49, 51, 52) were deemed to have fair quality.

Risk of bias assessment across studies
Figure 3 shows the overall risk of bias summary of all the 
studies. Common methodological shortfalls were lack 
of randomization process (n = 6) (27, 28, 41, 49, 51, 52) 
and lack of deviation from the intended intervention (n = 
8) (27, 28, 30, 41, 49-52). Only two trials (30, 50) report-
ed both randomization and concealed treatment alloca-
tion adequately. Two studies rated a moderate risk of bias 
(30, 50) and six studies rated a high risk of bias (27, 28, 41, 
49, 51, 52).

Risk of bias assessment across lower quadrant 
flexibility
 Four studies (27, 28, 49, 50) reported the effects of FR and 
DS on flexibility immediately after the intervention. Three 
studies had a high risk of bias (27, 28, 49) and one study by 
Somers et al. (50) had a moderate risk of bias. Two stud-
ies (28, 49) reported there were no statistically significant 
differences between DS and FR on the hip flexion ROM 
whereas study by Somers et al. (50) reported there were no 
statistically significant differences between DS and FR on 
ankle dorsiflexion (50). Study by Smith et al. (27), reported 
a significant percentage increase in ROM immediately after 
FR. Three studies reported the effects of FR and DS on flex-
ibility after five minutes of intervention. All three studies 
had a high risk of bias (27, 41, 51). Smith et al. (27) report-
ed there were no statistically significant differences between 
DS and FR on the SRT. 

Risk of bias assessment across jump height
 Four studies (27,30,49,52) reported the effects of FR and 
DS on vertical jump height immediately after the inter-
vention. Study by Pişirici et al. (30), had a moderate risk 
of bias and three studies had a high risk of bias (27,49,52). 
Three studies (30, 49, 52) reported there were no statistical-
ly significant differences between DS and FR on counter-
movement jump (CMJ) whereas study by Pişirici et al. (30) 
reported a significant increase in CMJ after DS.

Risk of bias assessment across muscle strength
Two studies (28, 41) reported the effects of FR and DS on 
Muscle strength. Both studies had a high risk of bias. Behra 

and Jacobson (28) reported there were no statistically signif-
icant differences between DS and FR on peak knee flexion 
and extension isometric torque while Su et al. (41) report-
ed knee extension peak torque improved significantly after 
FR and DS whereas knee flexion peak torque remained 
unchanged after FR and DS.

Qualitative summary of strength of evidence 
(data synthesis)
To construct the best evidence synthesis, only 2 studies 
(30,50) were rated to be of moderate quality. Pişirici et 
al. (30) conducted 8 minutes of FR and DS on each leg, 
3 minutes on the hamstring, 3 min on gastrocsoleus, and 
2 min on the plantar fascia and observed equal improve-
ment in CMJ for both DS and FR, whereas Somers et al. 
(50) conducted 2 sets of FR and 2 sets of DS, each set for 
60 seconds on calf muscles and observed both FR and DS 
showed an equal increase in ankle dorsiflexion ROM (30, 
50). However, there was no low risk of bias study. So, we 
have used two studies (30, 50) with a moderate risk of bias 
for a qualitative summary. Hence, the result of these stud-
ies should be followed with caution. Therefore, 2 sets of FR 
and 2 sets of DS, each set for a duration of 60 seconds on 
each muscle group of the lower quadrant are qualitatively 
summarized from studies.

Quantitative analysis
The meta-analysis was conducted on the selected studies 
by using the software to pool outcomes using the random 
effects model, SMD, SD, and sample size.

Quantitative analysis of lower quadrant flexibility 
Three RCT studies (27,28,49) (n = 54 participants) supply 
information identifying the data associated with the effects 
of FR and DS on lower limb flexibility just immediately after 
the intervention. Figure 4 reveals that there were no signifi-
cant differences in DS and FR on lower limb flexibility just 
immediately after intervention (SMD 0.15 (95% CI -0.23, 
0.52); p = 0.45, I2 = 0%). Three RCT studies (27, 41, 51) (n 
= 73 participants) supply information identifying the data 
associated with the effects of FR and DS on lower limb flex-
ibility after 5 minutes of intervention. Figure 5 reveals that 
there were no significant differences in DS and FR on lower 
limb flexibility after 5 minutes of intervention (SMD 0.11 
(95%CI -0.26-0.48); p = 0.55, I2 = 20%).

Quantitative analysis of jump height
Four RCT studies (27, 30, 49, 52) (n = 60 participants) supply 
information identifying the data associated with the effects of 
FR and DS on jump height just immediately after the interven-
tion. Figure 6 reveals that there were no significant differences 
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in DS and FR on vertical jump just immediately after interven-
tion (SMD 0.20 (95%CI -0.12-0.53); p = 0.22, I2 = 0%).

Quantitative analysis of muscle strength 
Two RCTs studies (28 ,41) (n = 44 participants) supply infor-
mation identifying the data associated with the effects of 
FR and DS on leg extensor strength after the intervention. 
Figure 7 reveals that there was no significant difference in 

DS and FR on leg extensor strength immediately after the 
intervention (SMD 0.28 (95%CI -0.34-0.89); p = 0.37, I2 = 
48%). Two RCTs studies (28,41) (n = 44 participants) supply 
information identifying the data associated with the effects 
of FR and DS on leg flexor strength after the intervention. 
Figure 8 reveals that there were no significant differences in 
DS and FR on leg flexor strength immediately after the inter-
vention (SMD 0.69 (95%CI -0.52-1.91); p = 0.26, I2 = 85%).

Figure 4. SMD (95%CI) of the comparison of effects of DS and FR groups on flexibility immediately after the intervention by 
pooling data from 3 studies. 
SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.

Figure 5. SMD (95%CI) of the comparison of effects of DS and FR groups on flexibility five minute post-intervention by pool-
ing data from 3 studies.
SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.

Figure 6. SMD (95%CI) of the comparison of effects of DS and FR groups on jump height immediately after the intervention 
by pooling data from 4 studies. 
SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.

Figure 7. SMD (95%CI) of the comparison of effects of DS and FR groups on leg extensor strength immediately after the inter-
vention by pooling data from 2 studies.
SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.
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DISCUSSION AND IMPLICATIONS
This is amongst the few review studies that compared the 
effects of FR and DS on lower limb flexibility, jump height, 
and muscular (Hamstring and Quadricep femoris) strength. 
The present review aimed to compare the acute effects 
(immediate and five minutes post-intervention) between 
DS and FR on lower quadrant flexibility, jump height, and 
muscular strength (Hamstring and Quadricep femoris) to 
help aid coaches, clinicians, and athletes regarding a more 
effective protocol for warm-up. The qualitative analysis 
described by two moderate-quality studies suggests that 
both DS and FR intervention have an equal effect on lower 
quadrant flexibility, jump height, and muscular strength 
(Hamstring and Quadricep femoris) in defined dosimetry 
proportion. Secondly, the results of the quantitative anal-
ysis suggest that there was no significant mean difference 
between FR and DS on lower quadrant flexibility, jump 
height, and muscle strength (Hamstring and Quadricep 
femoris) for the acute effects (immediately and five minutes 
post-intervention).

Lower quadrant flexibility 
For the acute effects immediate and five minutes post-inter-
vention, we pooled 4 studies (27, 28, 49, 50) and 3 studies 
(27,41,51) respectively that used lower quadrant flexibility 
as outcome measures. The results showed that DS interven-
tion is not superior to FR for both immediate (p = 0.15) 
and five minutes post-intervention (p = 0.11). The previ-
ous literature (50) has found an increase in lower quadrant 
flexibility when a comparison was done between FR and 
DS. It was found that both DS and FR have equal effects 
on lower quadrant flexibility and neither of the interven-
tions produced superior results than the others. Our study 
results are also in line with studies that demonstrated DS 
and FR are equally effective in terms of increasing lower 
quadrant flexibility in athletes and physically active popu-
lation (28,49). It must however be emphasized that these 
results may not be generalized owing to the evident hetero-
geneity at the immediate and five minutes post-interven-
tion time points. A previous study has explained that even 

though FR and DS have equal effects on lower limb flexi-
bility, their mechanisms of action were different from each 
other (49). An increase in lower limb flexibility after DS 
can be supposed to be due to a combination of multidi-
mensional activities (posterior kinetic chain) which leads to 
extensive movement and supports ROM through a positive 
effect on the stretch-shortening cycle (56, 57). Additional-
ly, an increase in lower limb muscle ROM after DS can be 
due to an increase in temperature that leads to a decrease 
in the viscous resistance of muscles (58) and enhances 
tissue extensibility (without entering pain-tolerated inten-
sity) resulting in greater angular displacement (59, 60). The 
foam roller is supposed to place direct and sweeping pres-
sure on the soft tissue to stretch the tissue and give rise to 
friction between the soft tissue of the body and the foam 
roller, resulting in greater flexibility (29, 61). The friction 
created between the fascia and foam roller causes warm-
ing of the fascia and generates fluid gel-like extracellular 
substance; the thixotropic property of fascia (21). Changes 
in the thixotropic property of fascia, altered tissue stiffness, 
and increased tolerance to the stretch may be mechanisms 
behind increased lower limb ROM after FR (21, 62).

Jump height 
The results showed that FR is not superior to DS when being 
examined for vertical jump height. Our study is in line with 
study by Pisirici et al. (30) who investigated 8 minutes of DS 
and 8 minutes of FR on recreational active participants and 
found DS and FR to be equally effective in improving verti-
cal jumping scores. In contrast study by Kopec et al. (52), 
investigated 3 minutes of DS and 3 minutes of FR on phys-
ically active participants and found that neither DS nor FR 
significantly improved vertical jump score. Likewise, one of 
the studies by Lopez et al. (49) also investigated 8 minutes 
of DS and 8 minutes of FR on tennis players and found 
neither DS nor FR significantly improved vertical jumping 
scores. This conflicting result may be due to many reasons 
such as a lack of agreement on clinical standards for evalua-
tion, intervention, and application dose (63) and also there 
is no consensus on type, intensity, pressure applied, cadence 

Figure 8. SMD (95%CI) of the comparison of effects of DS and FR groups on leg flexor strength immediately after the inter-
vention by pooling data from 2 studies. 
SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.
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volume and duration of FR and DS (41). Kopec et al. (52) 
explained the reasons why DS had no significant impact on 
a vertical jump and described that stretch used in their study 
may not have been specific for the CMJ. DS negatively influ-
ences the time-to-peak power which may be due to the alter-
ations in the length-tension relationship and force-velocity 
relationships which decreases neuromuscular compliance 
and attenuates the optimal power production (64). Find-
ings also suggest differences in the application of pace and 
amount of pressure applied to the muscles during FR plays 
a crucial role in the effect of VJ outcome but in some stud-
ies, the participants moved on FR at their own pace, and the 
pressure applied to the FR by each participant was also not 
standardized (65). This can be the plausible reason why FR 
had no significant impact on vertical jumping. 

Muscular strength 
The results showed that FR intervention is not superior 
to DS when being examined for knee extensor and flexor 
strength. Our study is per Su et al. (41) who found the appli-
cation of DS and FR equally effective in increasing knee 
extension peak torque with a medium effect size but found 
a non-significant increase in knee flexion peak torque after 
FR and DS. An increase in knee extension peak torque for 
DS may be due to an increase in muscle temperature and 
post-activation potentiation (PAP) (66, 67). The improve-
ment in knee extensor muscle strength after DS also may 
be a result of the contraction phase instead of the stretch-
ing phase during the DS movement (41). Additionally, the 
author described that the rise in knee extension peak torque 
after FR might be due to the measurement error (41). Su et 
al. (41) clarified that there was a non-significant finding in 
knee flexion peak torque as the movements employed for 
DS did not provide a chance for repeated contractions of the 
hamstrings muscle. Another study by Behra and Jacobson 
(28) found no significant difference in the improved peak 
knee flexion and extension strength between DS and FR.

Rationale for the results
A feasible explanation for the lack of a significant differ-
ence between two modalities FR and DS is likely based 
on the reality that the included studies differ considerably 
in their interventions. These variations were primarily in 
the DS technique, the FR technique, and treatment dura-
tion (30-180 s) (66). The methodology of selected studies 
included in this review for analysis of outcomes used differ-
ent dosages for DS and FR intervention. This difference 
in dosages could be the reason behind the non-significant 
results. Secondly, types of dynamic movement used, types 
of foam roller used (Grid, Ethylene vinyl acetate, High-den-
sity), speed, and amount of pressure applied to the target-

ed muscles during FR, these factors were not uniform in 
all included studies. In addition, the determinants of speed 
in the DS protocol, i.e., synergy between the lower quad-
rant muscle groups and the duration of the protocol also 
play a role in deciding the significance of the physiological 
changes and athletic performance (30). The FR interven-
tion duration is also an important determinant for muscle 
performance i.e., short duration time (< 30 sec) has been 
reported to be insufficient for performance enhancement. 
Therefore, it is advised to apply FR for a longer duration 
(60-120 sec), especially when used on large muscle groups 
(66). Thirdly, the studies included in this review for analysis 
of lower limb flexibility did not utilize a uniform assessment 
tool. This heterogeneity might have precluded the result of 
the pooled outcome.

Clinical implications
DS intervention plays a vital role as the mainstay interven-
tion in the warm-up protocol for the athlete and physically 
active populations. Its efficacy was required to be system-
atically analyzed and compared with the FR interven-
tion. DS and FR increase lower limb flexibility, decrease 
muscle stiffness and reduce the risk of lower limb inju-
ry, these components help the athlete to increase perfor-
mance (23, 28, 49). Athletes can confidently execute DS 
and FR intervention in their warm-up protocol as a strategy 
to increase athletic performance (33, 34). FR intervention 
achieves deep tissue release to the targeted muscle group, 
while a dynamic stretch promotes tissue lengthening of the 
entire posterior chain (30, 49, 52). An athlete can execute 
FR if the athlete requires myofascial loosening such as in 
the condition of facial adhesion otherwise, the athlete can 
execute DS as it requires lesser equipment (30, 49, 52). The 
above information stresses the important role of physiolog-
ical changes during the execution of technique in sporting 
activities (68).

Strengths, limitations, and future 
recommendations
This is one of the few research studies investigating the 
acute effects (immediate and five minutes post-intervention) 
of FR and DS and the study extracts its strength from the 
vigorous search strategy used for the location and identifica-
tion of all the possible studies. We examined the immediate 
effect and five-minute post-intervention effects of DS and 
FR. The present study involved four authors (ND, DK, SM 
& SS) in the review process of the study who identified the 
whole literature relevant to the study criteria to avoid indi-
vidual error or bias within the study selection process. This 
review encloses data from 174 athletes and physically active 
populations. Also, the search and screening of studies were 
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done systematically and according to guidelines to minimize 
bias. The results from this present review would be benefi-
cial for the athletes, coaches, and clinicians in helping them 
to decide the mode of warm-up.
There are a few limitations of the present study; firstly there 
might be a related language bias in this review as we includ-
ed only English language studies. Secondly, we included stud-
ies from limited setup data bases therefore might have missed 
including the studies published in other databases thereby, 
obtaining a bias.  Thirdly, some of the included studies in the 
review had a small sample size which might have resulted in 
reduced statistical power. Lastly, another limitation might be 
the lack of standardized protocol used by included studies like 
duration, intensity, speed, controlled pressure, types of foam 
roller used, types of DS used and muscle(s) targeted. This could 
have impacted the results of the study and therefore the conclu-
sion of this review should be viewed from this perspective.
Further, high-quality studies are recommended in the future 
that compare the effect of FR and DS on lower quadrant flex-
ibility, jump height, and muscular strength (Quadricep femo-
ris and Hamstring) using a standardized protocol of FR and 
DS. Secondly, there is also a lack of evidence-based study that 
compares the effect of FR and DS on a longer time course after 
post-intervention, hence in the future, studies that investigate 
the longer time course effect of DS and FR after post-inter-
vention on lower quadrant flexibility and sports performance 
can be done. Also, in the future higher-quality RCTs evalu-
ating muscle activity through EMG analysis and the muscle 
properties like viscoelastic properties, dynamic stiffness, and 
muscle tone should be assessed with a myoton device.

CONCLUSIONS
In conclusion, FR is not superior to DS i.e., both of these 
tools of rehabilitation exert and augment similar gains 

in lower quadrant flexibility, jump height, and muscular 
strength (Quadricep femoris and Hamstring). Until addi-
tional high-quality studies become available that allow 
making specific recommendations regarding (FR: dura-
tion, types of foam roller, applied pressure, intensity and 
DS: stretch frequency, stretch duration, stretch velocity and 
types of DS used) we can recommend athletes to include 
either DS or FR in their warm-up protocol. The dosimetry 
synthesized from a moderate quality article suggests includ-
ing 2 sets of FR and 2 sets of DS, with each set performed for 
duration of 60 seconds on the lower quadrant muscle group.
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SUMMARY
Purpose. The present study aimed to describe the variability of muscle thickness 
measures (MT) of arm and thigh muscles, obtained by ultrasound (USD) from commu-
nity-dwelling healthy older women; and to obtain a predictive equation model for arm, 
thigh and leg MT based on upper and lower limb circumference measures using a 
frequentist and Bayesian approach. 
Methods.  Sixty-two older women (74.5 ± 8.5 years) volunteered and were submit-
ted to MT measures. Assessments of the Brachial (Br), Biceps Brachii (BB), Vastus 
Lateralis (VL), Rectus Femoris (RF) were obtained and grouped to infer elbow flexors 
(EF), and knee extensors (KE) muscles. Thigh (TC) and arm (AC) circumference were 
also measured. Variability of MT and circumference measures were inferred by the 
coefficient of variation (CV) and Huber’s M- estimator. Age-adjusted linear regression 
models were generated to predict MT. The magnitude of evidence was obtained using 
Bayesian inference, determining posterior probabilities based on our data. 
Results. The MT measure of the EF presented lower CV (15.9%). The CV of limb 
circumference measures was 10.8% (TC) and 12.5% (AC) and Huber’s M-estimator 
varied 0.18 cm (AC). Circumference measurements were significantly associated with 
MT with age-adjusted coefficients of determination (R2) of 0.268 and 0.173 (p < 0.05), 
and standard error of the estimate of 0.36 cm and 0.56 cm for EF and KE, respectively. 
Bayesian inference confirmed the good posterior probability of the model. 
Conclusions. Measure of MT of the EF presented lower between-subject variability, 
and a better predictive equation model for MT based on AC.
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INTRODUCTION 
The muscle mass assessment is a valuable tool in the process 
of screening older adults at risk for many clinical outcomes. 
Thus, the early detection of muscle mass reduction helps to 
detect early older adults at risk of functional impairments 
and co-morbidities development. Ultrasound (USD) has 
been successfully used to obtain muscle thickness (MT) 
measurements (1-6), including investigations involving 
older adults (7, 8). 
It is known that the pattern of muscle mass decrease along 
the aging process is not homogeneous among muscle groups 
(8), but the between-subject variability of muscle thick-
ness leads to difficulty the establishing reference values 
for comparisons. Additionally, ethnic differences, a recog-
nized factor determining factor of body composition, also 
limits the use of reference values and predictive equations 
from studies previously developed studies (9), since mostly 
predictive equations of muscle mass using USD were devel-
oped with Asian populations (7, 10).
However, despite the extensive knowledge about MT, data 
from the variability of muscle thickness measurements from 
arm and thigh muscles, obtained from the USD, are scarce, 
and predictive equations for estimating MT using limb 
circumference measurements are very desirable. Despite 
being less accurate in estimating segmental muscle mass, the 
limb circumference measurement is an easily accessible tool, 
with an even lower cost than the USD and less demand for 
technological knowledge (11).
Menopause accelerates muscle mass reduction in older 
women, which could lead to greater between-subject vari-
ability in MT, than in older men. Therefore, in this study 
we aimed to 1) describe the variability of MT from arm 
and thigh muscles among older women; 2) obtain a predic-
tive equation model to estimate arm and thigh MT by limb 
circumference measurements using a frequentist and Bayes-
ian approach.

MATERIALS AND METHODS

Sample
Seventy-two community-dwelling older women (74.5 ± 
8.5, 60 to 100 years old) with no acute diseases or cognitive 
impairment (12, 13) volunteered for this study. All partici-
pants presented independent ambulation and the absence 
of limb amputations or skin lesions. Additionally, volun-
teers were instructed about all procedures and signed an 
informed consent form. Table I presents the sample char-
acteristics. The local Research Ethics Committee approved 
(protocol n. 2.783.516 – Date of approval: July 24, 2018) all 
procedures according to the Declaration of Helsinki.

Muscle thickness measurements
Transverse ultrasound images of the right Brachial (Br), 
Biceps Brachial (BB), Vastus Lateralis (VL), and Rectus 
Femoris (RF) muscles were obtained with a B-mode 
2-dimensional ultrasound (USD) imaging device (Figlabs® 
FP 102). Volunteers remained upright with their upper 
and lower limbs relaxed and with palms facing forward, as 
described by Takai et al. (7). A single trained and qualified 
evaluator performed all USD measurements.
The linear array transducer (Figlabs®, L471), and the image 
was obtained in B-mode because it is a widely used tech-
nique in muscle tissue imaging (7). The transducer with a 
sampling frequency of 7.0 MHz was positioned perpendic-
ularly to muscular tissue and underlying bone. During the 
image recording, the pressure was kept to a minimum to 
avoid excess compression and distortion, and a generous 
amount of contact water-soluble gel was applied (1).
The assessment sites were marked precisely, with the refer-
ence points marked using a dermatologic pen. The MT of 
Br and BB muscles were recorded as proposed by Abe et 
al. (9), at 60% of the distance between the lateral epicon-
dyle and the acromial process. For the MT of VL and RF 
muscles, the reference point used corresponded to 2/3 of 
the distance between the greater trochanter and the later-
al femoral epicondyle, 3 cm from the midline of the ante-
rior thigh, as proposed by Chilibeck et al. (6). The chosen 
muscles are frequently requested during daily activities and 
commonly analyzed in similar studies, besides being easy 
to identify through palpation techniques and also present-
ing lower chances of picking up signals from neighboring 
muscles during recordings (3, 4).
Subcutaneous adipose tissue at the tissue-muscle and 
muscle-bone interfaces were identified in the USD image 
and used to identify the muscle limits, guiding the MT 
measurements for each of the elbow flexors (EF) and knee 
extensors (KE) muscle groups (10).  

Limb circumference measurements
An inelastic anthropometric tape measure (ABNTM, Brazil) 
was used to assess thigh (TC) and arm (AC) circumference 
as proposed by Callaway et al. (14), on the medial portion 

Table I. Sample characteristics.

Variable Mean ± SD
Age (years old) 74.5 ± 8.5

Weight (Kg) 65.1 ± 11.1

Height (cm) 152.4 ± 6.3

BMI (Kg/m2) 28.0 ± 4.5
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of the right thigh (5). The upper and lower body limb was 
relaxed during the measurements and the medial portion of 
the thigh and arm was used as reference. All measurements 
were performed in a standardized way, with three measure-
ments, and the mean value was used for the study analysis.

Statistical analysis
Descriptive analysis was carried out with mean, standard 
deviation, coefficient of variation (CV = [(Standard Devia-
tion/mean) × 100]), minimum, maximum, and 95% confi-
dence interval (upper and lower limits), as well as medi-
an and 25th and 75% percentiles of MT, TC and AC. As 
the mean is a central tendency measure highly influenced 
by extreme values (outliers), Huber’s M-estimator was also 
reported, since it represents a measure of robust estimate, 
as suggested by Maumet et al. (15) and Proisy et al. (16). 
Additionally, all variables of interest were submitted to the 
Shapiro-Wilk normality test.
Age-adjusted linear regression models were generated to 
predict muscle thickness from limb circumference measure-
ments. Adequacy of each regression model (simple and 
multivariate) was verified by 1) analyzing residues using 
Shapiro-Wilk test; 2) visual inspection was also conduct-
ed to identify extreme observations in histograms of resi-
dues; 3) Durbin-Watson index, adopting a value closer to 2, 
the more adequate (17). These statistical procedures were 
carried out using SPSS (SPSS Inc., Chicago, IL) and the 
critical alpha was set at 0.05.
The Bayes factor hypothesis testing was used to check qual-
itative outcomes and the probability of replicating results 
(i.e., magnitude of the evidence) as done by Souza-Júnior et 
al. (18). Briefly, Bayes factor (BF10) represents the change 
from prior to posterior odds of the model given a set of data. 
In regression models, it indicates the difference between 

prior odds and posterior odds (19, 20), indicating the rela-
tive predictive performance of the model for the analyzed 
data (i.e., ratio of marginal likelihoods) (21). Interpretation 
of Bayes factor is intuitive: BF10 = 5 indicates that data are 
5-fold more likely under alternative hypothesis than null 
hypothesis, whereas BF10 = 0.2 indicates that the observed 
data are 5-fold more likely under null hypothesis than under 
alternative hypothesis (21, 22). It is worth emphasizing that, 
in linear regression models, the null hypothesis states that 
the true slope of the line (i.e., beta) is zero (23).
Bayes factor analysis was carried out using JAMOVI®, and 
the parameter Jeffreys-Zellner-Siow prior (JZS prior) was 
set as r scale = 0.354. Bayes factor was reported for the 
multivariate model since it quantifies the probability favor-
ing to alternative hypothesis (i.e., the ability of observed 
data under models to predict the outcome).

RESULTS
Descriptive characteristics of the MT from the studied 
population are presented in table II. Based on the descrip-
tive analysis it is possible to infer that the EF thickness 
measurement exhibited less variability (CV = 15.9%), 
whereas the Br measurement the greater variability (CV = 
24.3%). The Huber’s M-estimator of MT varied by 0.01 cm 
(Br and BB) from the mean MT, indicating that the mean 
measures suffered little influence from extreme values. Only 
the MT measurement from the RF did not meet the assump-
tion of normality of the data distribution (p > 0.05).
The descriptive parameters from limb circumferences are 
shown in table III. The variability (i.e., CV) of limb circum-
ference measurements was between 10.8%, for TC, and 
12.5%, for AC. The Huber’s M-estimator of MT varied by 
0.18 cm (AC) from the mean limb circumference, indicat-

Table II. Descriptive statistical parameters of muscle thickness measurements.

Statistical Parameter Br BB VL RF EF KE
Mean 0.95 1.70 1.62 1.70 2.65 3.32

Huber’s M-estimator 0.94 1.69 1.59 1.66 2.63 3.29

SD 0.23 0.33 0.34 0.39 0.42 0.62

95%CI - Lower 0.88 1.60 1.53 1.59 2.52 3.15

95%CI - Upper 1.02 1.81 1.71 1.80 2.78 3.48

CV 24.3 19.1 21.1 22.7 15.9 18.7

Minimum 0.51 1.16 1.00 1.08 1.91 2.25

Maximum 1.57 2.63 2.60 2.84 3.56 4.76

Median 0.78 1.42 1.42 1.37 2.30 2.75

Percentage 25 0.95 1.70 1.57 1.67 2.70 3.35

Percentage 75 1.09 1.88 1.83 2.01 2.92 3.68
Br: Brachial; BB: Biceps brachial; VL: Vastus lateralis; RF: Rectus femoris; EF: Elbow flexors; KE: Knee extensors.
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ing that the mean measures suffered little influence from 
extreme values. The TC and AC measures met the assump-
tion of normality of the data distribution (p > 0.05).
Table IV presents parameters from linear regression models 
to predict muscle thickness. Limb circumferences were 
significantly associated with MT measurements of the 
respective body segments (p < 0.05), and the age-adjusted 
coefficients of determination (R2) were 0.268 and 0.173 in 
predicting EF and KE thickness, respectively. The standard 
error measures of the estimate were small, 14 and 17% for 
the EF and KE thickness estimation models, respectively. 
Additionally, the analysis of the residuals analyzing residues 
and the Durbin-Watson index indicated the good fit of the 
regression models obtained in this study.
Results from Bayesian analysis (table IV) indicated high 
BF10 for proposed linear regression models, suggesting 
8.98 and 13.19-fold probability favoring the alternative 
hypothesis for models obtained to predict MT of KE and 
EF, respectively.

DISCUSSION
The present study investigated the variability of MT from 
arm and thigh muscles among older women and generated 
a predictive equation model to estimate arm and thigh MT 
by limb circumference measurements using a frequentist 
and Bayesian approach. Our results indicate that the MT of 
EF exhibits somewhat less between-subject variability, indi-
cating a more homogeneous pattern of presentation, which 
may explain the better equation model fit for predicting MT 
of EF from arm circumference.
Miyatani et al. (2) estimated muscle volume from MT 
measurements of the upper and lower limbs, and their 
results indicated that the EF measurements lead to a better 
adjustment than KE measurements, in the prediction models 
of the cited study. Previous studies have reported that the 
pattern of muscle mass decline during the aging process 
differs among muscle groups, which has a direct influence 
on the pattern of demand/overload/activation of the differ-
ent muscles (24-27). The muscles in the lower limbs tend to 
be more demanded throughout life because they are directly 
involved in standing orthostatic position and walking, while 
the muscles in the upper limbs are less demanded through-
out life. Thus, the reduction in mobility that occurs with 
aging may have a greater impact on the muscles of the lower 
limbs (24, 27, 28).
Thus, it is plausible to hypothesize that the decline in muscle 
thickness of the lower limbs has a more variable behavior 
during aging since the level of mobility seems to directly 
influence this variable. In contrast, despite a smaller propor-
tional decline associated with aging, the MT of EF muscles 
may show a more homogeneous decline pattern, which 
would justify a better fit in prediction models, as observed 
in the present study.
The results of the Bayesian analysis allow us to infer a high-
er probability of reproducibility of the regression model 
obtained for MT of the EF, based on arm circumference, 
and adjusted for age, with a probability of about 93% 

Table III. Descriptive statistical parameters of limb 
circumference measurements.

Statistical Parameter AC TC
Mean 30.9 50.2

Huber’s M-estimator 30.7 50.5

SD 3.9 5.4

95%CI - Lower 30.0 48.9

95%CI - Upper 31.9 51.6

CV 12.5 10.8

Minimum 22.2 36.3

Maximum 39.5 62.5

Median 27.9 45.7

Percentage 25 31.2 50.5

Percentage 75 33.1 53.58
AC: arm circumference; TC: thigh circumference.

Table IV. Statistical parameters obtained from regression models and Bayes factors. 

Variable Obtained equation R2 Adjusted P-value Standard error 
of the estimate

Index
Durbin-Watson

Bayes 
Factor (BF10)

Muscle 
thickness 
of EF (cm)

2.00 + 0.048 × (AC) + (- 0.011) × (age) 0.268 0.001 0.361 1.65 13.19

Muscle 
thickness 
of KE (cm)

2.50 + 0.039 × (TC) + (- 0.015) × (age) 0.173 0.003 0.563 1.63 8.98

EF: Elbow flexors; KE: Knee extensors; AC: arm circumference; TC: thigh circumference. Measurements of circumference and muscle thickness were 
reported in centimeters; Age was reported as years old. 



80 Muscles, Ligaments and Tendons Journal 2023;13 (1)

Muscle Thickness from Older Adults

[BF10/(BF10-1] ×100), while the models generated for 
MT of the KE, based on thigh circumference, and adjusted 
for age, was 90%. Thus, the Bayes Factor obtained for the 
models generated for predicting the MT of KE and EF were 
considered moderate and strong, respectively. 
Based on the presented results, it is possible to predict 
the MT of the KE and EF from specific anthropometric 
measurements of the thigh and arm circumference, respec-
tively, adjusted for age in older women. In this sense, the use 
of anthropometric measurements has been relevant, because 
they represent non-invasive, low-cost methods, with simple 
equipment, easy handling, and low complexity.
Importantly, unlike previously reported studies, we did not 
aim to compare the rate of MT decline in different muscle 
groups in different aged groups, but rather to identify the 
pattern of MT variability between different muscle groups 
within a sample of older women, and then to propose a 
model for predicting MT of upper and lower limb muscle 
groups from limb circumference, identifying which models 
have the best fit.
Although we included only women because menopause 
accelerates muscle mass reduction in older women, it 
represents a limitation, since the predictive equation should 
not be applied to older men. Additionally, the error of esti-
mate is a limitation intrinsic to all predictive equations, 
however, our results expose all parameters to allow clini-
cians to decide to use the generated prediction equation, 
aware of the standard error of the estimate.
USD represents a tool with great potential for MT assess-
ment when compared to limb circumference, but it 
requires greater financial investment and technical knowl-
edge, which is not accessible to all healthcare professionals. 
Thus, our study presents results that enable the prediction 
of older women’s MT based on limb circumference with 

an excellent fit. Future studies should investigate the appli-
cability and the reproducibility of this equation to similar 
populations.

CONCLUSIONS
The results of this study showed that, in older women, MT 
measures of EF showed lower between-subject variability, 
which can explain better equation model adjust for predic-
tion of EF MT by arm circumference, while the adjustment 
of the predictive model to estimate KE MT by thigh circum-
ference, was moderate.
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SUMMARY
Background. The purpose was to evaluate a possible ergogenic effect on postural 
muscles, still unknown through Biering-Sørensen’s lumbar extension test. 
Methods. A double-blind, controlled placebo, crossover study. 51 healthy, physically 
inactive male subjects (18-25 years) with average body mass (BMI 18.5-24.9 kg/m2) 
were recruited. The subjects received oral caffeine (6 mg/kg) and saline (0.3%) in two 
cross-evaluations separated by one week. 
Results. The primary outcome was the time in the Biering-Sørensen test after 1 hour of 
treatment. The secondary results were peak lumbar extension force, rating of perceived 
exertion, electromyography (EMG’s) median frequency and muscle recruitment of 
multifidus spinae and transversalis/interne oblique muscles, and cardiovascular vari-
ables (heart rate and blood pressure). 27 subjects were blindly treated with caffeine 
and saline. Caffeine was ergogenic during the Biering-Sørensen test. It increased 
lumbar extension time (F = 0.34, p < 0.05), but not peak force. The perception of 
effort decreased with caffeine (F = 0.37, p < 0.05). Caffeine increased muscle stimu-
lation frequency (p < 0.05) and recruitment (t23 = 0.49, p < 0.05) of multifidus spinae. 
In the transversalis/interne oblique muscles, caffeine increased the median frequency 
(t23 = 0.13, P<0.05) and the distribution of higher frequencies (p < 0.05). Caffeine also 
increased muscle recruitment in the transversalis/interne oblique muscles (t23 = 0.94, 
p < 0.05). Tachycardia and increased blood pressure at the lumbar test were higher in 
the caffeine condition (p < 0.05). 
Conclusions. Caffeine is ergogenic for postural muscles. Decreased rated perceived 
effort (RPE) and improved muscle activity suggest central mechanisms of caffeine.
Study registration. The trial was prospectively registered (trial RBR- blinded) in the 
Brazilian Clinical Trials Register (http://www.ensaiosclinicos.gov.br/).

KEY WORDS
Caffeine; electromyography; fatigue; lumbar spine; Biering-Sørensen test.
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INTRODUCTION
Caffeine (1,3,7-trimethylxantine) is one of the most used 
ergogenic substances by physical activity practitioners and 
athletes (1). Caffeine is hydrophilic, fast absorbed, and 
distributed to all body tissues (1, 2). Caffeine is a non-se-
lective competitive adenosine receptor antagonist that 
increases endurance (1, 2) and resistance (2). The most 
used caffeine dose is 6 mg/kg, 1 hour before physical activ-
ity (1). Ergogenic amounts of caffeine have minor adverse 
effects, such as angiogenesis, insomnia, and gastrointestinal 
discomfort (3).
Adenosine has an important inhibitory modulator effect in 
the central nervous system (CNS) (4). Caffeine decreases 
the rate of perceived exertion (2), pain (2, 5), and central 
and mental fatigue during exercise (6, 7). Exercise-induced 
fatigue increases brain motor area potentiation after tran-
scranial magnetic stimulation (8) and modifies spinal excit-
ability and cortical silence in fatigued muscles (9). Caffeine 
also improves exercise performance (10), cognitive and 
executive functions (5), and vigor (9) in exercising subjects. 
Caffeine does not show an ergogenic effect in a mouse lack-
ing neuronal A2AR (4) and in rats treated with 5’-N-ethyl-
carboxamidoadenosine (NECA), an adenosine analog (11).
We conducted this study to evaluate the effects of caffeine 
on endurance (Biering-Sørensen test) and electrical activi-
ty (electromyography – EMG) of core muscles, a well-con-
trolled experiment in our laboratory (9). There is ergogenic 
evidence for upper and lower limb muscles (12), but not 
for core muscles. Recently, these muscles are part of the 
sports training routine, as they are essential for performance 
enhancement (13) and injury prevention (14) in athletes. 
The possible ergogenic effects of caffeine on core muscles 
can contribute to better periodization used in the muscle 
regeneration and treatment of mesocycles for performance, 
tapering, and competitions.

METHODS

Study design and subjects
We conducted a randomized, double-blind, placebo-con-
trol, crossover study, where both examiner and subjects 
were unaware of ingested substances. Recruitment was 
carried out through social networks in the community with-
in the micro-region of Araranguá (south latitude 28º56’05 
“and west longitude 49º29’09”), southern Brazil. Subjects 
also collaborated in the recruitment of others, according to 
the public involvement statement. We called the volunteer 
to clarify the study design and the inclusion and exclusion 
criteria. The study followed the Consolidated Standards of 
Reporting Trials (CONSORT).

We recruited healthy, physically inactive male subjects 
with average body mass (BMI 18.5-24.9 kg/m2) aged 18-25 
years. Participants were only male due to hormonal factors 
presented by women that interfere with the caffeine effect. 
The screening included a semi-structured interview about 
medical regarding medical history, coffee consumption 
(15), and the International Physical Activity Questionnaire 
(IPAQ) – short form – Brazilian version (16, 17). Exclusion 
criteria were: smoking habit; hypertension; diabetes; lumbar 
and orthopedic diseases; neurological, cardiac and gastric 
diseases; continued use of antidepressants and medications 
or supplements containing caffeine; and engaging in physi-
cal activities more than two times/wk.
The study respected the declaration of Helsinki. More-
over, the Brazilian National Health Council also requires 
compliance with ethical principles of Resolution No. 466 
of December 12, 2012. All subjects signed a consent form 
before inclusion in the study. The trial was approved by the 
Brazilian Ethics Committee (http://plataformabrasil.saude.
gov.br) with file number CAEE blinded. The Universal Trial 
Number (UTN) is blinded.

Randomization and blinding
All eligible subjects were evaluated when treated with vehi-
cle or caffeine, blinded to the researchers through tubes 
reporting substance 1 or A, respectively. Subjects were 
randomized in a 1:1. One independent researcher (MCS) 
carried out simple randomization with a coin toss to start 
the test with a blinded substance. Other researchers blind-
ly (LC, TN and MG) performed the treatment and assess-
ments. The statistician was unaware of treatment allocation 
before completion of data collection and data cleaning.

Intervention
Caffeine and sodium chloride (NaCl) with 98% purity was 
purchased from Sigma-Aldrich® (Brazil). The subjects’ body 
mass (BMI) was measured, a concentrated caffeine solution 
(3 mg/mL) was prepared freshly, and the individual volume 
adjusted by multiplying body mass by two. The vehicle 
solution consisted of 0.3% NaCl in water. Subjects drank 
identical volumes of caffeine (6 mg/kg) or vehicle, 1-hour 
before the Biering-Sørensen test, the time necessary to reach 
plasma peaks. A researcher (LC) followed the subjects for 
24 hours to monitor the development of adverse effects of 
caffeine that they could report.
To perform the Sørensen test (18), the subject was positioned 
on the stretcher in ventral decubitus with arms extended 
along the body and head in a neutral position. The Sørensen 
test consists of using the subjects’ own body weight to create 
postural resistance. The isometric resistance time, defined 
as the time to maintain the proposed posture until exhaus-

https://plataformabrasil.saude.gov.br/login.jsf
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tion, was recorded. To control the horizontality of the trunk 
during the test, we used a stadiometer as a static reference. 
When contact was lost, the examiner asked the participant to 
correct the position. The individual’s exhaustion was defined 
by the impossibility of maintaining the standardized posture 
for more than three seconds, that is, the loss of contact with 
the stadiometer, by voluntary lowering of the trunk or when 
the maximum time of 240 seconds was reached.

Measurements
The analyzes were performed in the Evaluation and Reha-
bilitation of the Locomotor System Lab (Laboratório de 
Avaliação e Reabilitação do Aparelho Locomotor – LARAL, 
UFSC, Araranguá (SC), Brazil). Participants were advised 
to continue habitual eating throughout the study. Physical 
activity, alcohol consumption, and caffeine (food and bever-
ages) were avoided in the 48 hours before the tests. Each test 
was performed on two separate days, with 1-week intervals, 
during the morning or afternoon, according to the subjects’ 
agenda availability. The researchers sought all subjects for 
evaluations in the laboratory.
After 1 hour of oral treatment, the endurance of multifidus 
spinae was assessed by peak extensor force (14), and the Bier-
ing-Sørensen test (19). At the same time, electromyography 
(EMG) assessed the median frequency and muscle recruit-
ment (Root mean Square of EMG signal – RMS) of multif-
idus spinae and transversalis/interne oblique muscles (19), 
Borg Rating of Perceived Exertion – RPE – Brazilian version 
(30-s intervals) (20) were performed. Heart Rate (HR) was 
assessed during rest and at 15-s intervals during the test. 
At the end of the test, we evaluated lactate capillary blood 
(earlobe) levels (21) and collected antecubital venous blood 
samples for plasma separation and storage (-80 °C). Plas-
ma caffeine concentrations were assessed using High-Per-
formance Liquid Chromatography – HPLC (22). HPLC 
system consisted in a quaternary pump with a degasser, and 
it was coupled to an autosampler and DAD-UV detector 
(Agilent 1200 series) (Agilent Technologies Mexico, S. de 
R.L. de C.V.). Separation was performed on a reverse-phase 
column Zorbax® SB-Aq narrow bore RR (2.1 × 100 mm, 
3.5 µm) (Agilent Technologies). The column oven was 
maintained at 40 °C, while the autosampler was set at room 
temperature. Fifteen microliters of processed sample was 
injected into the HPLC system.

Outcomes and sample size
We designed this trial to detect changes in the Bier-
ing-Sørensen test time (primary outcome) and peak force 
(secondary outcome), RPE (secondary outcome), and 
EMG’s median frequency and muscle recruitment (second-

ary outcome). The study was carried out with 27 subjects to 
have 85% power with alpha = 0.05.

Statistics
A blinded researcher (ASAJr) performed the statistical anal-
ysis according to an intention-to-treat principle. The results 
were described on mean ± SD. We assessed the normal 
distribution of results before statistical comparisons. Paired 
Student’s t-test analyzed Biering-Sørensen time and peak 
force, blood lactate levels, RPE and HR (area under the 
curve – AUC), and final 10% of EMG median frequency. 
The final 10% of the RMS was assessed through Wilcoxon 
matched-pairs signed-rank test. 
This analysis was performed using GraphPad Prism (v. 
5.0, GraphPad Software). The STATISTICA (v. 8.0, Stat-
Soft, Inc.) was used to compare ANOVA of EMG medi-
an frequency and RMS, chi-square test of EMG medi-
an frequencies, and Mann Whitney test of HR. P-value < 
0.05 was considered significant. Effect sizes (Cohen’s d) 
were calculated for between-group changes in mean differ-
ences for all outcome measures, where a Cohen’s d = 0.2 
represents a “small” effect size, 0.5 represents a “medium” 
effect size and 0.8 a “large” effect size (7). Cohen’s test was 
used for repeated measurements, defined as 0.02 small, 0.13 
medium, and 0.26 large (7).

Public involvement statement
There were no funds or time allocated for public involve-
ment, so we were unable to involve subjects. We have invit-
ed subjects to help us develop our dissemination strategy.

RESULTS

Subjects and plasma caffeine levels
Fifty-one subjects were recruited between 7/15/2018 and 
12/15/2018, interrupted on 5/11/2018 when the sample size 
was completed. Figure 1 shows the protocol per the Consol-
idated Reporting Trials Standards (23). There were 27 
undergraduate students, single, with ideal body mass index, 
irregularly active and light (25.9%), moderate (48.1%), and 
high (25.9%) coffee consumers. Table I shows the subjects’ 
demographic and baseline data.
Subjects consumed 404.9 ± 55.3 mg of caffeine (95%CI 
382-427.7) (table II) before the test, rising to plasma 0.086 
± 0.04 nmol/L (95%CI 0.06-0.11) after 1 hour. Even after 
48 h of withdrawal of caffeinated foods and beverages, plas-
ma levels were 0.011 ± 0.03 nmol/L (95%CI 0-0.04) when 
treated with a vehicle. Subjects for 24 hours and reported 
no adverse effects such as tachycardia, angiogenesis, insom-
nia or gastrointestinal discomfort. 
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Table I. Baseline participant characteristics.

Variables  
Demographics

Male, number, % Male, 27 (100%)

Age, years 20.3 (1.9)

Education, % Undergraduate
(100%)

Job status, % Student (100%)

Civil status, % Single (100%)

Anthropometrics

Body mass, kg 68.8 (11.4)

Height, m 1.77 (0.09)

Body mass index, kg/m2 21.9 (2.3)

Resting physiology

Systolic blood pressure, mmHg 123.5 (11)

Diastolic blood pressure, mmHg 75.1 (10.9)

Heart rate, bpm 78 (11.3)

International Physical Activity 
Questionnaire (IPAQ) (Craig et al. 2003; 
Ipaq 2005; S. Matsudo, T.Araújo, V. 
Matsudo, D. Andrade, E. Andrade, L.C. 
Oliveira 2012)

Irregularly active A, number (%) 14 (51.9%)

Irregularly active B, number (%) 13 (48.1%)

Coffee consumption (Mitchell et al. 2014)

Low, number (%) 7 (25.9%)

Moderate, number (%) 13 (48.1%)

High, number (%) 7 (25.9%)

Table II. Effects of caffeine on primary and secondary outcomes.

Variable Mean (SD) 95% Confidence Interval Effect 
size

Power 
(β)

p
Washout Caffeine Placebo Caffeine

Biering-Sørensen
time (sec) 143.9 (42) 159 (46.3) 126.1-161.6 139.5-178.6 0.34 0.75 t23 = 1.7, p = 0.047*

peak force (kgf) 44.8 (16.7) 46.1 (17.8) 37.4-52.3 38.2 - 54 0.07 0.12 t23 = 0.4, p = 0.32

Rated perceived effort, Borg (AUC) 660 (339.4) 538 (315.3) 509.5-810.5 398.2-677.7 0.37 0.81 t21 = 2.1, p = 0.045*

Blood lactate, mmol/L 5.6 (2.4) 7.1 (3.2) 4.6-6.6 5.7-8.4 0.53 0.97 t23 = 1.7, p = 0.045*

Hear rate, bpm (AUC) 12.5 (4.8) 16.3 (6.2) 10.5-14.5 13.7-18.9 0.69 0.99 t23 = 3.4, p = 0.002*
AUC: Area Under Curve; *p < 0.05 paired Student t-test.

Figure 1. CONSORT flow diagram. CONSORT, Consolidated 
Standards of Reporting Trials.

Caffeine increases fatigue resistance of 
spinal muscles

Primary outcome
Caffeine had a small effect on increasing 13.8 ± 6.3% Bier-
ing-Sørensen endurance, but not peak force figure 1A and 
table II).

Secondary outcomes
Caffeine induced a moderate effect size on increased blood 
lactate production (table II), a biomarker of exercise intensi-
ty. Biering-Sørensen test rated perceived effort (RPE) inten-
sities classified as moderate to intense (F6,258 = 64, η2 = 0.6, b 
= 1.0, p < 0.05, figure 2B). Moreover, caffeine had moderate 
effect on decreased RPE (table II). HR increased during the 
test (F13,637 = 6, η2 = 0.11,β = 1.0, p < 0.05, figure 2C), and 
caffeine demonstrated a great positive chronotropic effect 
during the physical test (p < 0.05, figure 2D, table II).

Caffeine stimulates spimusclecles activity
Figure 3A illustrates the raw EMG values for the multifidus 
spinae, where we see the endurance effect of caffeine. The 

median frequency of multifidus spinae decreased over Bier-
ing-Sørensen test (F29,1131 = 127, η2 = 0.76, p < 0.05, figure 
3B), without caffeine effect during (F1,39 = 0.2, β2 = 0.005, 
p < 0.05, figure 3B) and at the end of the test (t20 = 0.021, 
p = 0.9, figure 3C). However, the distribution of median 
frequencies revealed higher frequencies on caffeine-treated 
subjects (χ2

1 = 144, p < 0.05, figure 3D). Caffeine still had 
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a significant effect size (h2 = 0.49) on increasing multifidus 
spinae RMS values throughout the Biering-Sørensen test, 
from the beginning (F1,540 = 53, p < 0.05, figure 3E) to the 
end of the test (Z = 1.77, p < 0.05, figure 3F). 
The raw EMG data already demonstrate the ergogenic 
effects transversalis/interne oblique when increasing the 
time in the Biering-Sørensen test (figure 4A). Caffeine ergo-
genic effect size was medium (η2 = 0.13) on increased medi-
an frequency (F29,107 transversalis, figure 4B) of in transversa-
lis/interne oblique. The distribution of median frequencies 
shifted to the right for higher frequencies (χ2

1 = 2,900, p < 
0.05, figure 4D) transversalis/interne oblique. The effect 
size of caffeine-increased muscle recruitment was also large 
(η2 = 0.94, F1,540 = 87, p < 0.05, figure 4E). These ergogenic 
effects disappeared in the final 10% of the Biering-Sørensen 
test (figure 4C,F).

DISCUSSION
We first demonstrated the ergogenic effects of caffeine 
on postural muscles - multifidus spinae and transversa-
lis/interne oblique - components of core muscles. Core 
muscles are essential for physical performance and injury 
prevention, the goals of sports medicine. All participants in 
our study were men, which we can consider a limitation of 
our study. The increase in Biering-Sørensen endurance (or 
fatigue resistance) had a small effect size, as well established 
for other muscle groups and activities (24, 25). The Bier-
ing-Sørensen test is the most robust predictor for low back 
pain and trunk stability (26), with implications from health 
to elite sport. Strengthening core muscles increases Bier-
ing-Sørensen test performance and decreases low back pain 
(14, 26). There is not much evidence in the sports sciences. 
Water polo, soccer, and rowing athletes performed well in 
the Biering-Sørensen test (163.6 ± 50.7 sec) (19). Muscle 
activity of abdominal and spine extensors of long-distance 
runners and triathletes was higher in the Biering-Sørensen 
test, which contributes to running performance, such as 
more excellent absorption by the trunk muscles of disrupt-
ing torques generated by the lower limbs (19). 

Figure 2. Effects of caffeine on endurance (A), rated perceived effort (B) and heart rate (B-C) during the Biering-Sørensen test. 
Panels A-C are described with mean ± SD, D as relative frequency. n = 25-27 for 14 independent experiments. *p < 0.05 (Paired Student t-test).

Figure 4. Effects of caffeine on the raw EMG signal (A), medi-
an frequency (A-C) and recruitment (D-E) of the transversalis/
internal oblique muscles during the first 90 seconds and 10% 
final of the Biering-Sørensen test. 
Panels A, C and D are described with mean ± SD, B as relative frequency, and 
E median + interquartile range. n = 25-27 for 14 independent experiments.

Figure 3. Effects of caffeine on the raw EMG signal (A), median 
frequency (A-C) and recruitment (D-E) of the multifidus spinae 
muscle during the first 90 seconds and 10% final of the Bier-
ing-Sørensen test. 
Panels A, C and D are described with mean ± SD, B as relative frequency, 
and E median + interquartile range. n = 25-27 for 14 independent experi-
ments. *p < 0.05 vs saline (Wilcoxon matched-pairs signed-rank test).
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The Biering-Sørensen test performance influences athletes’ 
motivation and self-efficacy (27). Athletes are more resistant 
to high blood lactate concentrations, pain, and fatigue (2, 3). 
Psychological factors are associated with this performance, 
such as improved motivation and experience . Moderate 
doses of caffeine (3-6 mg/kg) decrease RPE in athletes (2, 
3). We observed this same effect of caffeine (6 mg/kg) in this 
spine muscle stress test. Effort perception is a brain func-
tion; neurophysiology involves central fatigue and dimin-
ished cortical arousal (28), increased cortical activity during 
movement in the primary motor and supplementary move-
ment areas (29), and increased activation of the temporal and 
insular cortex (30). This evidence retrieves the CNS’s role in 
the development of central fatigue (10, 14, 30-32). Here, the 
effect of caffeine on RPE and EMG reinforces this idea.
Caffeine modified the EMG response in the Bier-
ing-Sørensen test. EMG activation is the preliminary condi-
tion for any force development. Here, caffeine induced a 
substantial increase in muscle recruitment, a moderate 
increase in the high frequency of stimulation, and decreased 
fatigue (EMG/force ratio) of multifidus spinae and trans-
versal/internal oblique muscles. There is no evidence about 
the effects of caffeine on these muscles, but other muscle 
groups have a similar EMG response to caffeine. Caffeine 
(5 mg/kg) improved performance in the cycling time trial 
and increased Maximal voluntary strength (MVC), power 
output, and muscle recruitment of vastus lateralis and medi-
alis (12). Caffeine (6 mg/kg) increased the elbow’s maximum 
flexor torque, muscle recruitment, and fiber conduction 
velocity (12, 33). Muscle strength was higher in electrically 
stimulated adductor pollicis and ankle dorsiflexors muscles 
of caffeine-supplemented subjects (500 mg and 6 mg/kg). 
Caffeine decreased low-frequency fatigue (20, 30, and 40 
Hz stimulation) in these muscles, reducing expected muscle 
force (fatigue) due to an impairment of excitation-contrac-
tion coupling. Caffeine did not modify muscle strength at 
higher stimulation frequencies (> 40 Hz) (33), such as those 
achieved voluntarily in this study.
This evidence reinforces the role of caffeine in central 
fatigue, which also modifies cortical silent period (CSP) 
and spinal excitability (34). CSP refers to an interruption of 
voluntary contraction by electrical or magnetic stimulation 
of the motor cortex. A transcranial magnetic stimulation 
(TMS) fatigued abductor digit minimi muscle and caffeine 
reduced CSP (8). Caffeine also increased spinal excitability 
by increasing the slope of the H-reflex recruitment curve 
normalized to the M wave (Hslp/Mslp), which provides an 
alternative measure of monosynaptic reflex gain. These are 
evidence of the neurophysiological components of the ergo-
genic effects of caffeine. Moreover, our experimental design 
removed caffeine for 48 hours from subjects, moderate 

coffee consumers, which may have enhanced our ergogenic 
results (4, 27, 34).
However, the mechanisms of action of caffeine’s ergogen-
ic effects are intriguing. For a long time, literature insisted 
on the mobilization of intracellular Ca+2 and inhibition of 
phosphodiesterase (1). These biological effects are achieved 
in vitro (in millimolar concentrations, 10-3), but toxic and 
lethal in vivo (4). Recent studies discuss CNS’s antagonism 
of the adenosinergic system as a possible candidate mecha-
nism for caffeine (34). Electrophysiological studies support 
the positive effect of caffeine on vigilance, attention, speed 
of reaction, information processing, and arousal (34).
Caffeine acts on the CNS decrease the perception of effort 
and modifies the motor drive. A1 receptor (A1R) and A2AR 
are primarily responsible for the central effects of adenosine 
(28), also the main target of nontoxic psychostimulant doses 
of caffeine in micromolar levels (10-6) (29). Generally, block-
ing presynaptic A1R increases the probability of neurotrans-
mitter release, including dopamine and serotonin, where-
as blocking presynaptic A2AR decreases neurotransmitter 
release (28). A1 blockade could reinforce Meeusen’s untest-
ed hypothesis about central fatigue (35), an exercise-in-
duced increase in extracellular serotonin stimulating sleep, 
lethargy, and drowsiness, and loss of motivation. Adenosine 
is a neuromodulator responsible for these latter effects (30). 
Caffeine decreases CSP in fatigued muscles (34). Experimen-
tal manipulation of GABAB inhibitory presynaptic receptors 
modulate CSP. In this context, caffeine might interfere with 
GABAergic neurotransmission differently (36).
Moreover, basal forebrain cholinergic neurons are under 
tonic inhibitory control of endogenous adenosine. A2AR 
is highly expressed in the basal ganglia, emphasizing the 
ventral striatopallidal GABA pathway, where they form 
functional heteromeric receptor complexes (A2AR-D2) with 
inhibitory presynaptic dopaminergic D2-like receptors. 
D2-like receptors decrease adenylyl cyclase activity through 
Gi/o proteins (37). Caffeine and selective A2AR antagonists 
produce psychostimulant effects by competing with adenos-
ine for its binding to the A2AR and exerting a negative 
allosteric modulation within the A2AR of A2AR-D2 heterote-
tramer (37). Under normal conditions, employing the nega-
tive heteromeric allosteric modulation, endogenous adenos-
ine tonically inhibits psychomotor activation mediated by 
tonic activation of D2R by endogenous dopamine. Caffeine, 
through negative allosteric modulation, counteracts the 
effect of adenosine and produces psychomotor activation 
(38). Caffeine (a non-selective A1 and A2AR antagonist) 
and SCH 58261 (potent and selective A2AR antagonist) are 
psychostimulants (4). Davis (11) demonstrated that NECA 
(A1R and A2AR agonist) inhibits the ergogenic effects of 
caffeine in rats. We demonstrated that SCH 58261 is ergo-
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genic in mice and that the ergogenic effect of caffeine disap-
pears in mice knocked out to neuronal A2AR in the CNS (4). 
In the present study, we demonstrated that caffeine decreas-
es the perception of effort and increases muscle excitation 
in humans, increasing the excitation-contraction efficiency 
of spine muscles. This evidence jointly reinforces the role of 
caffeine in mitigating central fatigue during exercise.
Caffeine supplementation did not impact the subjects’ 
general health. Monitoring the subjects for 24 hours did not 
reveal any known adverse effects of caffeine, such as tachy-
cardia, angiogenesis, insomnia, gastrointestinal discomfort, 
or other symptoms. Dietary consumption and experimen-
tal treatment offered the subjects approximately 400 mg of 
caffeine daily, a dose considered safe and free of adverse 
effects in moderate consumers (3).
We have identified two limitations of this study. We did 
not perform a blinding assessment and identified residual 
caffeine in the plasma of some subjects. This last point shows 
flaws in the withdrawal protocol. However, blood caffeine 
concentrations are not a standard measure in most studies 
focusing on ergogenics. At the same time, blood caffeine is a 
strong study point. This study is a simple and reproducible 
experimental design. Increasing the sample size to include 
patients and athletes of different sexes and ages is necessary 
for the generalization and applicability of these results.

CONCLUSIONS
In summary, our results show that caffeine is ergogenic 
for postural muscles. As an ergogenic resource, caffeine 
may benefit patients with back pain. The results also rein-

force the ergogenic role in sports. Decreased RPE and 
improved muscle activity suggest central mechanisms of 
caffeine. That is, caffeine attenuates central fatigue during 
acute exercise.
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SUMMARY
Background. Musculoskeletal disorders (MSDs) are a leading cause of disability inter-
nationally, particularly low back pain (LBP), which accounts for 60% of occupational 
diseases. Aquatic therapy has been used to treat various diseases. The aquatic setting 
has properties that can be used to obtain benefit through exercise. The primary aim 
of this systematic review was to evaluate physiotherapy qualitatively and quantitatively 
in a water environment in patients with LBP carrying out a meta-analysis to provide a 
guidance instrument about the efficacy of this kind of treatment.
Methods. This review was conducted in compliance with Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) protocol. We searched the 
PubMed, Scopus, Web of Science, CINAHL, and PEDro databases for studies to 
include. Only randomized controlled trials were included. To evaluate the risk of bias, 
the Jadad and PEDro scales were used. 
Results. After removing duplicate articles, 19 articles remained. Of these, 10 studies 
were of high-quality, while the remaining 9 achieved a score indicative of a low qual-
itative level.
Conclusions. Aquatic therapy is beneficial to use in addition to conventional therapy 
in patients with LBP, with outcomes visible in the short-term.
Study registration. Review was registered in Prospero website http://www.crd.york.
ac.uk/PROSPERO with registration number: CRD42021250750.

KEY WORDS
Aquatic therapy; musculoskeletal disorders; low back pain; aquatic exercise; hydrokinet-
ic therapy.
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BACKGROUND
Musculoskeletal disorders (MSDs) are a leading cause of 
disability internationally, particularly in industrialized coun-
tries, with poor quality healthcare being one of the causes 
(1, 2). These conditions are a major contributor to disabil-
ity, accounting for 17.1% of years lived with disability (3) 
and can lead to chronic musculoskeletal pain (https://www.
iasp-pain.org/advocacy/global-year/right-to-pain-relief/). 

Common healthcare problems may result from MSDs and 
a failure to educate patients, including the overuse of radio-
logical imaging, surgery, and opioids (4). 
The disability and reduced quality of life as a consequence 
of MSDs are reported to be much more severe than those 
associated with hypertension and high cholesterol (http://
www.boneandjointburden.org/). Disabilities resulting from 
MSDs include low back pain (LBP), neck pain, hip and 

https://www.crd.york.ac.uk/PROSPERO/#guidancenotes
https://www.iasp-pain.org/advocacy/global-year/right-to-pain-relief/
https://www.boneandjointburden.org/
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knee osteoarthritis, complex shoulder conditions, and other 
joint conditions (1, 5). 
LBP accounts for 60% of occupational diseases and is 
the most common of all non-communicable diseases (6). 
Current literature does not support a definitive cause for 
initial episodes of LBP (7). LBP is the leading cause of 
disability in the world and according to 2010 reports, 21.7 
million people suffer from this disability each year (8, 9). 
The correlation between imaging examination findings and 
LBP is low. Psychosocial factors are involved in the onset of 
LBP and its progression to chronic pain. Activity improve-
ment is more useful than rest (10, 11). 
Over the past two decades, opioid prescriptions have been 
overutilized in chronic pain management, resulting in abuse 
and addiction (12). In recent years, conservative manage-
ment of chronic pain, specifically exercise and cognitive 
behavioral therapy, has been recommended (13). To date, 
some of the most commonly used techniques to treat and 
prevent LBP are manual therapy, laser therapy, therapeu-
tic exercise, blood flow restriction, videoconferencing, and 
transcutaneous electrical nerve stimulation (14-18). 
Aquatic therapy (or aquatic physical therapy or hydrokine-
sitherapy) (19, 20) has been used to treat various diseases. The 
aquatic setting has properties such as buoyancy, turbulence, 
hydrostatic pressure, and resistance that can be used to obtain 
benefit through exercise (21, 22). There are specific physical 
laws that influence the immersed body’s behavior in static and 
dynamic conditions. The intrinsic and dynamic characteris-
tics of water facilitate movement and allow the human body 
to practice balanced and coordinated movements (23-25). 
Other benefits are due to buoyancy, which provides support 
and can reduce the probability of injury and joint degrada-
tion, the microgravity environment, which provides relief 
from body weight, the continuous movement of the body so 
that muscles are continuously activated to stabilize the body, 
hydrostatic pressure and viscosity, which provide proprio-
ceptive and sensory feedback different from that provided 
with land exercise, and the constant water temperature and 
hydrostatic pressure that may facilitate blood circulation, ease 
soft-tissue contracture, and relieve muscle spasms and fatigue 
(26-29). Aquatic exercises are also a safe and enjoyable way 
to improve physical functioning in patients with and with-
out MSDs or LBP and with other comorbidities (28, 30, 31). 
Aquatic therapy refers to partial immersion movement thera-
py, which is based on exercising with the entire body or only 
some of its parts, while benefiting from the properties and 
characteristics of the aquatic environment (32).
The efficacy of this intervention is not clear in the current 
literature, though it has been used in various rehabilita-
tion fields (21, 22, 27, 33). The primary aim of this system-
atic review was to qualitatively and quantitatively evalu-

ate physiotherapy in a water environment in patients with 
LBP carrying out a meta-analysis; it could provide a valid 
guidance instrument about the efficacy of this kind of treat-
ment, evaluating all the effects that water can produce in 
patients with LBP.

MATERIALS AND METHODS

Protocols and registration
This review was conducted in compliance with the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) protocol, which consists of 27 items based on 
Methodological Expectations of Cochrane Intervention 
Review (MECIR) Standards.

Eligibility criteria: types of studies, participants, 
and interventions 
All studies in the published literature that included the 
keywords “aquatic therapy” OR “aquatic exercise” OR 
“hydrotherapy” OR “water exercise” OR “water therapy” 
AND “musculoskeletal disease” was considered.
We included only randomized controlled trials (RCTs). Stud-
ies that included the comparison between aquatic therapy 
and land therapy, no therapy, or other therapies were consid-
ered. All studies based on aquatic therapy or on the use of 
water (hot, cold, steam, or ice) to relieve discomfort and 
fatigue, restore range of motion (ROM), postural balance, 
muscle strength, cardio-respiratory response, endurance 
during exercise, and muscle and tendon length, relieve pain, 
and support joint mobility, quality of life, and a return to 
daily life activities in individuals with MSDs were included. 
No restrictions were applied to the type of intervention used.
Inclusion criteria were: RCTs or clinical trials concerning 
MSDs, particularly LBP.
Studies on animals or other diseases were excluded. Articles 
in languages other than English were excluded.

Search methods
The databases used to identify studies for inclusion were 
the PubMed, Scopus, Web of Science, CINAHL, and 
PEDro databases. All included studies were identified by 
two reviewers.
The most recent study was conducted by Barker in 2014 
(34). Research was conducted between May 2021 and 
August 2021. Papers concerning numerous aspects of reha-
bilitation, such as fatigue, ROM, postural balance, muscle 
strength, cardio-respiratory response, endurance during 
exercise, muscle and tendon length, pain relief, joint mobil-
ity support, quality of life, and the return to daily life activi-
ties, were considered.
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Study selection
Titles, keywords, and abstracts identified through databas-
es were screened independently by two physical therapists.
In the first screening, the editors selected the relevant stud-
ies and removed duplicates. All articles that the editors 
agreed upon were included in the second screening.
During the second screening, the full text of the included 
studies was analyzed, and a final list of eligible studies was 
compiled. 

Data extraction and risk of bias 
Data extraction was performed according to the Cochrane 
method. The reviewers collected patient demographic 
information. The following data were extracted from select-
ed studies: author, publication year, included sample char-
acteristics, type of treatment and type of control, outcomes, 
and conclusions (table I). Regarding the intervention proto-
col, the type of exercise, duration of intervention, intensity, 
and conclusions of the study were considered. 
To evaluate the risk of bias, Jadad and PEDro scales 
were used.

Meta-analysis
A quantitative analysis was conducted by comparing 
outcomes. Follow-up results were also considered and 
pooled as appropriate. 

RESULTS

Search results
An initial keyword search retrieved a total of 1,409 articles, 
after the screening 19 articles remained and were included in 
the review, and 10 of these were included in the meta-anal-
ysis (35-44) (figure 1). 

Study characteristics: types of design and 
participants
All the included studies were RCTs that included a hydro-
therapy study group and a control group of another inter-
vention. Participants included males and females of a broad 
range of ages (35-52). 
The sample size in the studies varied from 19 to 262 
participants. All the participants were adults and their 
ages varied from 18 to 80 years. It was found that the 
therapies used in the intervention group are: “Bad Ragaz 
Ring Method” (BRRM), hydrotherapy, aquatic exer-
cise plus pain neurophysiology education, active groups, 
“AquaStretch”, aquatic exercise together with deep water 
running, “Back school” program (stretching and selec-
tive muscle reinforcement techniques), bath in reduced 

sulphureous mineral water, water pilates and aquatic 
training with aerobic and resistance session. As regards 
the physiotherapy sessions, the duration was between 4 
and 12 weeks, while the number of interventions varied 
from 8 to 45 sessions. 
Different outcome measures were used in the studies: VAS 
(53), Roland Morris Disability Questionnaire (RMDQ) (54), 
Single locus sequence typing (SLST) (55), Modified-Mod-
ified Schober Test (MMST) (56), US images, Oswestry 
Disability Index (ODI) (54), McGill Pain Questionnaire 
(57), Passive Straight Leg Raise (SLR) (58), tendon reflex 
grading, strength grading, light touch sensation, Quebec 
Back Pain Disability Scale (QBPDS) (59), Tampa Scale 
of Kinesiophobia (TSK) (60), Quality Short-Form Health 
Survey 36 (SF-36) (61), body mass index (BMI), Sit-and-
Reach Test (62), handgrip strength, Rockport 1 mile walk-
ing test (63), active range of motion (ROM), 6-Minute 
Walk Test (64), manual measure of spasms and tender-
ness, Biodex balance system, Short Form-12 (SF-12) (65), 
Biering-Sorensen test (66), electromyography, percent-
age of body fat (PBF),  waist-hip ratio (WHR) (67), trunk 
muscle mass, EQ-5D-3 scale (68), Functional Assessment 
of Chronic Illness Therapy-Fatigue  (FACIT-F) (69), peak 
oxygen uptake. 
The outcomes of studies varied: there was improvement in 
disability, endurance, function, pain intensity, quality of life 
and mobility in the experimental groups; the intervention 
groups also showed more benefits than control groups or 
the same benefits. The detailed characteristics of the includ-
ed articles are summarized in table I.

Intra-study risk of bias 
The Cochrane risk of bias tool was used for the qualitative 
analysis of the trials included in the systematic review. This 
evaluation revealed that 10 studies received a score of 3 and 
were of high quality. The remaining nine studies achieved a 
score indicative of a low level of quality (figures 2, 3).

Meta-analysis
A quantitative analysis was carried out by comparing 
outcomes and follow-ups. This pool was based on compara-
ble outcomes. Ten studies had comparable follow-up times 
that were considered in the meta-analysis. These studies are 
as follows:
Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: visual analogue scale 
(VAS), follow-up at four weeks. Four studies were consid-
ered. Meta-analysis revealed statistically significant results 
(p < 0.001) in favor of the experimental group compared 
to the control group (mean difference = -1.22, 95% confi-
dence interval (CI) = -1.45‒-0.99) (figure 4).
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Figure 3. Risk of bias summary: investigators’ judgements 
about each risk of bias item for each included study.

Figure 1. Flow chart of the 19 included randomized controlled 
trials. 

Figure 2. Risk of bias graph: investigators’ judgements about 
each risk of bias item presented as a percentage across all 
included studies.

Figure 4. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS, follow-up at 
four weeks.
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Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: VAS at six weeks. 
Two studies were considered. Meta-analysis revealed 
non-statistically significant results (p = 0.20) (mean 
difference = -0.48, 95%CI = -1.22‒-0.26) (figure 5).
Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: VAS at eight weeks. 
Two studies were considered. Meta-analysis revealed 
statistically significant results (p = 0.001) in favor of the 
experimental group compared to the control group (mean 
difference = -1.37, 95%CI = -2.18−-0.55) (figure 6).
Comparison between aquatic physical therapy vs 
conventional physical therapy for outcome 1: VAS at 
12 weeks. Four studies were considered. Meta-analy-
sis revealed statistically significant results (p = 0.02) in 
favor of the experimental group compared to the control 
group (mean difference = -0.66, 95%CI = -1.2−-0.12) 
(figure 7).

Comparison between aquatic physical therapy vs conventional 
physical therapy for outcome 2: Roland-Morris Disability Ques-
tionnaire at 12 weeks. Two studies were considered. Meta-anal-
ysis revealed statistically significant results (p = 0.05) in favor of 
the experimental group compared to the control group (mean 
difference = -1.12, 95%CI = -2.22−0.01) (figure 8).
Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: VAS at 20 weeks. 
Two studies were considered. Meta-analysis revealed 
statistically significant results (p = 0.01) in favor of the 
experimental group compared to the control group (mean 
difference = -1.13, 95%CI = -2.03−-0.23) (figure 9).
Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 3: 6-Minute Walk Test 
at 20 weeks. Two studies were considered. Meta-analysis 
revealed statistically significant results (p = 0.04) in favor 
of the experimental group compared to the control group 
(mean difference = 26.33, 95%CI = 1.80−50.86) (figure 10).

Figure 7. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS at 12 weeks.

Figure 5. Comparison between aquatic physical therapy vs conventional physical therapy concerning outcome 1: VAS at six 
weeks.

Figure 6. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS at eight weeks.
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DISCUSSION
The purpose of our study was to analyze the effectiveness, 
methods, and parameters, such as intensity, type of interven-
tion, and duration, of rehabilitation programs for patients 
with LBP. Results were statistically significant (p < 0.001) 
concerning pain (VAS), disability (Roland-Morris Disabili-
ty Questionnaire), and walking (6-Minute Walk Test). The 
study shows that aquatic therapy may be a valid alternative 
to conventional therapy in the treatment of LBP. 
The water environment is useful to facilitate therapeutic 
exercise and to put patients in different positions (supine, 
prone, lateral, standing, or kneeling) where the operator 
can access them from all three dimensions of space. Phys-
ical exercise in water refers to the use of water to simpli-
fy the application of various interventions, such as stretch-
ing, muscle strengthening, articular mobilization (ROM), 
balance improvement, deambulation, and resistance train-
ing. The physical properties of water are the key to this 

method (70). All studies included were RCTs that includ-
ed a hydrokinesitherapy study group and a control group 
of another therapeutic intervention (land-based exercise, Ai 
Chi, delayed therapy, or conventional therapy). Results indi-
cate that hydrokinesitherapy is more efficient for relieving 
pain in the short term, but is equivalent in terms of outcome 
(disability, mobility). These results are in line with current 
literature (19, 34, 71). Therefore, patients may choose aquat-
ic therapy as an alternative therapy if it appeals to them, and 
this factor can improve their adherence and participation 
in the treatment, which is an important element of reha-
bilitation (72). Many scales are used to measure outcomes, 
including the VAS (73), Roland-Morris Disability Ques-
tionnaire (50), Modified-Modified Schober Test (74), and 
Oswestry Low Back Pain Disability Questionnaire. 
Billy et al. (37) compared the Bad Ragaz Ring Method (BRRM) 
to the Ai Chi technique in water for pain and disability after 
4 weeks of follow-up. The authors found that the two tech-

Figure 10. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 3: 6-Minute Walk 
Test at 20 weeks.

Figure 8. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 2: Roland-Morris 
Disability Questionnaire at 12 weeks.

Figure 9. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS at 20 weeks.
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niques were equivalent, though the BRRM resulted in slightly 
quicker benefits, mostly in pain improvement concluded that 
it made potential improvements in disability and global core 
muscle endurance; also other 3 works showed an improve-
ment of disability through aquatic exercise (40, 46, 51). 
Pires et al. (38) introduced pain neurophysiology educa-
tion as a variant to the hydrotherapy-based intervention. 
The findings support the provision of pain neurophysiology 
education as a clinically effective addition to aquatic exer-
cise. In many studies a positive effect was found on pain in 
the intervention group (30, 31, 44, 46, 47, 49-51). Carvalho 
et al. observed relieved pain only in the short term, after 9 
weeks of aquatic exercise and deep water running (42).    
Costantino et al. (43). compared the hydrotherapy group 
with a control group that performed land-based exercises and 
stretching (back school program). This study showed that 
both methods were effective for LBP and that back school 
programs should be favored for their simplicity and the small 
number of resources required. Aquatic therapy also seemed 
to have benefits on function and quality of life (36, 45). Keane 
et al. used the technique of AquaStretch compared with land-
based stretching and showed that a combination of these two 
is recommended (75); however, many studies recommend 
adding water therapy to conventional therapies to obtain an 
improvement on all fronts of rehabilitation. 

Study limitations
A limit of this study was the lack of comparable outcomes. 
We could thus only consider the VAS scale for pain, the 

Roland-Morris Disability Questionnaire, and the 6-Minute 
Walk test.

CONCLUSIONS 
The results of our meta-analysis showed that hydrokine-
sitherapy is a good therapy to use in addition to conven-
tional therapy in the conservative treatment of LBP, with 
outcomes visible in the short-term.
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SUMMARY
Objective. The aim of this study was to determine functional movement screening 
(FMS) scores in wrestlers to examine FMS scores in terms of years of sport experience 
and wrestling weight, and to determine the relationship between FMS score and body 
mass index (BMI). 
Materials and methods. Forty-four male wrestlers were included in this study. Func-
tional movement analyses were performed of the wrestlers. In addition, the wrestlers 
filled out a personal information form which contains information such as age, years of 
sport experience, wrestling weight, and height. 
Results. The FMS scores of the wrestlers have been found to be 16.07 ± 1.87. A statis-
tically significant difference has been found in terms of FMS scores according to years 
of sport experience and wrestling weight (p < 0.05). A statistically significant correla-
tion has been found between the FMS score with BMI (p < 0.05).
Conclusions. It has been concluded that the FMS scores of the wrestlers with more 
years of sport experience are higher, the FMS scores of the wrestlers with low body 
weight are lower, and the FMS score increases as the BMI increases. It is thought that 
the functional movement levels of the wrestlers should be evaluated regularly at certain 
intervals and interpreted according to their characteristics.
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INTRODUCTION
Wrestling is one of the oldest combat sports. It can be defined 
as the struggle of two people on a mat of certain size using 
their technique, skills and strength without using a vehicle 
in accordance with the rules of wrestling (1, 2). It is among 
the sports with a substantial risk of injury. Wrestlers can be 
exposed to physical forces in competitions and training. 
These situations can result in injuries to the wrestlers (3, 4).
Functional movements are performed in accordance with 
the function according to some criteria. The level of func-
tional movements gives information about the functional 

performance levels of individuals (5). Athletes should be 
able to perform sports activities at the level required by the 
sports branches they are engaged in and at the expected 
quality. Otherwise, movements are tried to be made with 
some compensatory mechanisms and movement patterns. 
These conditions may also cause a decrease in sportive 
performance and occurrence of some musculoskeletal 
injuries. By performing functional movement analyses on 
athletes, information is obtained about limitations in move-
ments and risk situations for musculoskeletal injuries (6-8).
Analysis of functional movement is necessary to determine 
whether athletes have the necessary abilities to perform move-
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ments. Stability, mobility and asymmetry are examined in 
functional movement analysis. Functional movement analyses 
include evaluations of factors such as muscle strength, flexi-
bility, range of motion, coordination, balance, and proprio-
ception. These parameters are among the components that 
are taken as a basis for the implementation of techniques in 
wrestlers, the planning of training, and the provision of better 
performance. The level of functional movements is important 
for the wrestlers to maintain their position against their oppo-
nents, as the level of movements such as pushing and pulling, 
and the development of wrestling-specific techniques and 
skills. In this context, functional movement analysis of wres-
tlers should be done regularly. It can be done by some meth-
ods. Functional Movement Screening (FMS) is a movement 
analysis method that has been widely used recently (9-12).
When the literature was examined, it was seen that there 
were studies that determine the FMS scores of athletes in 
various branches and examine the FMS scores in terms of 
some variables. Loudon et al. (13) determined FMS values 
in long-distance runners. They found that there were differ-
ences in scores for the squat, hurdle step, and in-line lunge 
tests in the athletes under and over the age of 40. They 
determined that young runners scored higher. Toselli and 
Campa (14) found that in volleyball players, optimal flex-
ibility and mobility were closely related to anthropometric 
characteristics with particular emphasis on body fat. Uzer et 
al. (15) investigated the effect of posture on FMS scores in 
wrestlers in their study. They found significant weak correla-
tions between FMS sub-parameters and postural analysis 
total score. In the literature review, it has been understood 
that the number of scientific studies in which FMS scores 
of wrestlers are determined and examined in terms of year 
of sport experience and wrestling weight, and in which the 
relationship between FMS scores and BMI are investigat-
ed is not sufficient. The current study is unique in these 
aspects. The aim of the current study was to determine FMS 
scores in wrestlers, to examine FMS scores in terms of year 
of sport experience and wrestling weight, and to determine 
the relationship between FMS score with BMI.

MATERIALS AND METHODS
The current research is a cross-sectional study. The ethics 
committee approval was obtained for the study from the 
Medical Research Ethics Committee of Kahramanmaras 
Sutcu Imam University (Date of approval: May 24, 2022, 
Session no: 2022/17, Decision no: 02). Permission was also 
obtained from the Ministry of Youth and Sports in Turkey. 
The criteria for inclusion in the study were being between 
the ages of 18-25, being male and an athlete in the wres-
tling branch, but not having any injuries related to the lower 

extremities and any neurological problems. Exclusion crite-
ria from the study were being younger than 18 or older than 
25 years old, being female, being from other branches other 
than wrestling, and having undergone any surgical operation 
in the last 6 months. For the current study, 48 wrestlers who 
have met the inclusion criteria are reached. Four of the wres-
tlers are excluded from the study because they have not fully 
agreed with the evaluations. Forty-four wrestlers are includ-
ed in the study. Before starting the study, all participants filled 
out and signed the informed consent form. Firstly, the form 
containing information such as age, years of sport experience, 
wrestling weight, and height was filled out by the wrestlers. 
Body mass indexes were calculated according to the height 
and body weight of the wrestlers. Subsequently, functional 
movement analyses of the wrestlers were performed by FMS 
and the scores of the wrestlers were determined. 
FMS is a non-invasive, easy-to-apply, and reliable analysis 
method that allows the application of basic physical move-
ments for the evaluation of functional movement (16, 17). 
FMS consists of 7 movement patterns, which are deep 
squat, hurdle step, inline lunge, shoulder mobility, active 
straight-leg raise, trunk stability, push-up, and rotary stabil-
ity. In FMS, it is essential to score seven movement patterns 
according to certain criteria. Each movement pattern is 
scored between 0 and 3 points, and the scores of the 7 
movement patterns are summed up for the total score. Each 
individual participating in the evaluation can get a total of 0 
to 21 points. An evaluation can be made on the total score, 
or the score of each test can be evaluated within itself. A 
high score indicates good movement (18-21). Evaluations 
were made at Batıpark gym in Kahramanmaras province. 
Evaluations were made at 18-20 °C, in an indoor gym, and 
before the season.
The G*Power program (version 3.1.9.4, Franz Faul, Univer-
sität Kiel, Germany) was used to calculate the sample size 
before the study. According to the calculation based on the 
one-way analysis of variance, the sample size was found to 
be 48 with an effect size of 0.5, an error level of 0.05, and a 
power of 0.85. The analysis of the obtained data was done 
with the SPSS program (version 25, SPSS Inc., Chicago, 
IL, USA). The normality distribution of the data was exam-
ined in order to determine the tests to be used as paramet-
ric or non-parametric tests. Kolmogorov-Smirnow test was 
applied. The compliance with the normal distribution was 
also checked with Kurtosis-Skewness values and histogram 
graphs. It was determined that the data were in accordance 
with the normal distribution. One-way analysis of variance 
and Bonferroni correction were used for comparisons. The 
relationship between the variables was examined by Pear-
son correlation analysis. The statistical significance level was 
accepted as p < 0.05.
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RESULTS
Forty-four male wrestlers were included in the study. The 
wrestlers’ age was 20.77 ± 2.28, the years of wrestling expe-
rience were 8.68 ± 3.03, body weight was 65.93 ± 13.50 kg, 
body mass index (BMI) was 22.46 ± 2.37 kg/m2, and the 
FMS score was 16.07 ± 1.87. Wrestlers were classified as 
1-4 years, 5-8 years, and 9 years and older based on their 
wrestling experience. There were 12 (27.3%) wrestlers with 
1-4 years of experience, 18 (40.9%) wrestlers with 5-8 years, 
and 14 (31.8%) wrestlers with 9 years or more. Wrestlers 
were classified as light, middle, and heavyweight based on 
the weight they wrestled in. Those with a body weight of 
up to 60 kg were included in the lightweight category, those 
with a body weight between 61-75 in the middleweight cate-
gory, and those with a body weight of 76 and over were in 
the heavyweight category. According to the weight they 
wrestled, there were 14 (31.8%) light-weight wrestlers, 18 
(40.9%) middle-weight wrestlers, and 12 (27.3%) heavy-
weight wrestlers.
The comparison of the FMS scores of the wrestlers accord-
ing to the categories of years of sport experience are given 
in table I. It has been determined that there is a significant 
difference in terms of FMS scores among the wrestlers, who 
are divided into 3 groups according to the year of sport 

experience (p < 0.001). It has been determined that the 
FMS scores of the wrestlers with 9 years or more of wres-
tling experience are higher.
The comparison of the FMS scores of the wrestlers according 
to the wrestling weight categories is given in table II. It has 
been determined that there is a significant difference in terms 
of FMS scores among the wrestlers who are divided into 3 
groups according to the weight they wrestle (p < 0.001). The 
FMS scores of the lightweight wrestlers are found to be lower.
The correlation analysis findings between the FMS scores of 
the wrestlers and their BMI values are given in table III. A 
statistically significant, moderate correlation has been found 
between the FMS score and BMI (p < 0.001; r = 0.51).

DISCUSSION 
It has been found in the current study that the wrestlers’ 
FMS scores varies in terms of some traits. The current study 
indicates that the FMS scores of the wrestlers increase as 
their years of wrestling experience and wrestling weight 
increase, and the FMS scores increase as the BMI values 
increases.
The FMS scores of the wrestlers who participated in the current 
study have been found to be 16.07 ± 1.87. In their study, Alper 

Table III. The relationship between the FMS score and BMI.

FMS Score

BMI
r 0.51

p < 0.001

n 44
FMS: Functional Movement Screen; BMI: Body Mass Index; p < 0.05.

Table I. Comparison of FMS scores by years of sport experience categories.

                                         Years of sport experience categories F
  1-4 yearsa 

Mean ± SD
5-8 yearsb 

Mean ± SD
9 years and abovec 

Mean ± SD
Test value P-value Bonferroni

FMS Score 15.08 ± 1.44 15.61 ± 1.61 17.64 ± 1.45 10.86 < 0.001 c > a 
c > b

FMS: Functional Movement Screen; F: One-way analysis of variance; p < 0.05.

Table II. Comparison of FMS scores according to the wrestling weight categories.

  Wrestling weight categories F
  Lighta 

Mean ± SD
Mediumb 

Mean ± SD
Heavyc 

Mean ± SD
Test value P-value Bonferroni

FMS 
Score

14.21 ± 0.80 16.42 ± 1.38 17.39 ± 1.42 26.09 < 0.001 a < c 
a < b

FMS: Functional Movement Screen; F: One-way analysis of variance; p < 0.05.
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and Kolayiş (22) observed the relationship between wrestling 
performance and trunk stability, dynamic balance, and func-
tional mobility values in star wrestlers. Thirty-three male wres-
tlers participated in their study, and they found the FMS score 
of the wrestlers participating in the study to be 14.64 ± 2.86.
FMS provides insight into the risk of injury. It is reported 
that people with an FMS score of ≤ 14 are more likely to be 
injured than those with an FMS score of more than 14 (6). 
In the current study, the FMS scores of the wrestlers in the 
sport experience year categories and the weight categories 
are not lower than 14. Therefore, it is difficult to interpret 
the injury risks in terms of categories.
In the current study, it has been found that there is a significant 
difference in favor of wrestlers with 9 years or more in terms of 
FMS scores according to the years of sport experience. Bulğay 
et al. (23) determined normative values according to FMS in 
long-distance runners in their study and found that there was a 
statistically significant difference in rotational stability accord-
ing to sports experience. They also found a significant differ-
ence in athletes according to their years of sport experience, 
which supports the result of the current study. These results 
suggest that engaging in sports for a longer period provides 
more improvement in parameters such as muscle strength, 
balance, and flexibility and the improvement in parameters is 
also reflected in the level of functional movement.
In the current study, it has been found that there is a signif-
icant difference in terms of FMS scores according to the 
weight they wrestle. It has been understood that the FMS 
scores of the lightweight wrestlers are significantly lower 
than the middle and heavyweight wrestlers statistical-
ly. In other words, it has been determined that the FMS 
scores of the wrestlers with a body weight of less than 
60 kg are lower. This result may be since wrestlers with 
lower body weight may have less muscle mass, and this 
affects muscle strength because muscle strength is effec-
tive at the functional movement level. In the study of 
Alper and Kolayiş (22), no statistically significant differ-
ence was found between the groups when the FMS results 
were evaluated according to the weights. This result is 
not similar to the result of the current study. Basar et al. 
(24) found that heavyweight Greco-Roman wrestlers had 
more postural control in all directions than light and medi-
um-weight Greco-Roman wrestlers. In terms of the differ-
ence between the weight categories in their study, it can 
be evaluated that it is parallel to the result of the current 
study. Postural control is an effective factor at the func-
tional movement level. In this context, it can be interpret-
ed that the FMS scores of individuals with different levels 
of postural control may also differ.
According to the correlation analysis findings in the current 
study, a statistically significant correlation has been found 

between the FMS scores and BMI values in wrestlers. It has 
been understood that as the FMS score increases in wrestlers, 
the BMI also increases. Campa et al. (25) found significant 
relationship between movement patterns and several body 
composition variables in their study on athletes. In particu-
lar, they found large negative correlations between fat mass 
percent, upper arm fat area, and FMS total score. They report-
ed that the functional movement patterns and body compo-
sitions of the athletes differ according to the sports, and it is 
essential to reach an optimal body composition for the quality 
of the movements. Nicolozakes et al. (26) in their study, tried 
to find whether there is a relationship between body mass 
index, body fat percentage, and FMS scores in football play-
ers. In their study, a significant negative correlation between 
FMS score and body mass index revealed. The negative 
correlation between the FMS score and body fat percentage 
was found to be significant. Increased body fat percentage 
and body mass index were associated with lower FMS scores. 
In a study conducted by Cengizhan and Eyuboğlu (27), 
twenty-two male athletes from different branches, including 
wrestlers, participated in the study. They found a moderate-
ly negative significant correlation between the participants’ 
FMS scores and their body weight. In the current study, there 
is a positive relationship between the FMS score and BMI 
value. An increase in body weight causes an increase in BMI 
values. The direction of the relationship makes us think that 
it is necessary to look at the status of the components in the 
body composition in the body weight increase. Because body 
composition includes fat weight, lean body weight, and total 
fluid amount, it can be thought that changes in body compo-
sition component amounts affect balance, postural control, 
and thus functional movement level.

CONCLUSIONS
In the present study, it has been concluded that function-
al movement levels differ according to the characteris-
tics of the wrestlers. It has also been concluded that the 
FMS scores of the wrestlers with more years of experi-
ence are higher, the FMS scores of the wrestlers with low 
body weight are lower, and the FMS score increases as the 
BMI increases. The results obtained can provide reference 
values for planning training, avoiding performance losses, 
increasing performance, and taking preventive measures for 
sports injuries. The results obtained can provide informa-
tion to sports professionals for the evaluation and guiding 
the athletes. It is recommended that functional movement 
analyzes be performed regularly in wrestlers and interpreted 
according to their characteristics. There is a need for studies 
with more wrestlers in which different parameters are eval-
uated together with the FMS score.
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SUMMARY
Background. Prevalence of plantar fasciitis is increased in type 2 diabetes. This study 
was aimed at assessing the correlates of ultrasonographic and elastosonographic 
parameters in plantar fascia (PF) individuals with type 2 diabetes encompassing vari-
ous degrees of complications.
Methods. This cross-sectional study included 98 patients with type 2 diabetes. Thick-
ness of PF was assessed by ultrasonography, whereas elasticity of hard tissue (Elx-Hrd) 
at PF insertion and course and the subcutaneous-to-insertional strain ratio (Elx 2/1) 
were determined by elastosonography.
Results. No significant differences were detected according to age category, sex, phys-
ical activity, and presence of complications, except for higher Elx-Hrd insertion and 
Elx 1/2 in participants with cardiac autonomic neuropathy (CAN). Thickness of PF, 
Elx-Hrd insertion and Elx 1/2 correlated significantly with BMI, waist circumference, 
fat-free mass, and parameters of peripheral neuropathy and CAN; BMI, waist circum-
ference, fat mass, fat-free mass, and CAN were independently associated with PF 
thickness, Elx-Hrd insertion, and Elx 1/2.
Conclusions. Adiposity, body composition and presence of CAN are the main 
correlates of PF ultrasonographic and elastosonographic parameters, suggesting that 
body weight reduction, maintenance of muscle mass, and prevention of neuropathic 
complications may result in a decreased incidence of plantar fasciitis in individuals 
with type 2 diabetes.
Study registration. Study registered with ClinicalTrial.gov, NCT01600924 at https://
clinicaltrials.gov/ct2/show/NCT01600924.

KEY WORDS
Body mass index; cardiac autonomic neuropathy; elastosonography; plantar fasciitis; 
ultrasonography.
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Plantar Fascia and Type 2 Diabetes

INTRODUCTION
Diabetes mellitus is associated with multiple long-term 
complications, including musculoskeletal disorders (1), the 
most common of which are the frozen shoulder, rotator cuff 
tears, Dupuytren’s contracture, trigger finger, and cheiroar-
thropathy for the upper limbs and the Achilles’ tendinopa-
thy, heel spurs, and plantar fasciitis for the lower limbs (2). 
In particular, the prevalence of plantar fasciitis was found 
to be significantly higher in patients with type 2 diabetes 
(1.31%) than in those with type 1 diabetes (0.92%) or in 
non-diabetic controls (0.80%) (3). The predisposing effect 
of diabetes toward the development of plantar fasciitis may 
be related to the increased formation of advanced glycation 
end-products (AGEs) that induce collagen crosslinking, 
leading to altered collagen structure and secondary mechan-
ical dysfunction (4). Moreover, neuropathic complications 
cause pathological distribution of plantar pressure on the 
foot, which is associated with an increased incidence of 
foot ulcers and might also favor the development of plantar 
fasciitis (5). However, as diabetes and plantar fasciitis share 
common comorbidities and risk factors such as obesity and 
sedentary lifestyle, it is unclear whether there is a cause-ef-
fect relationship between the two (3).
Diagnostic procedures for plantar fasciitis include magnetic 
resonance imaging and ultrasound evaluation (6). Ultraso-
nography has been shown to be effective for differentiating 
normal versus diseased plantar fascia (PF) (7) on the basis of 
higher thickness (usually > 4.0 mm), lower echogenicity, and 
perifascial edema (8), which reflect the morphological changes 
of the PF (9), though these findings are not invariably detect-
ed and are not apparently correlated with pain (10). Real-time 
elastonography is a recently developed non-invasive ultra-
sound technique with higher sensitivity and specificity than 
ultrasonography in detecting plantar fasciitis (11, 12) and 
other conditions such as degenerative Achilles’ tendinopathy 
(13, 14) and lateral epicondylitis (15), and plantar fasciitis (12). 
It uses ultrasound to qualitatively and quantitatively assess 
structural and biomechanical features of PF, such as “elastici-
ty” (16), and could therefore be useful for detecting PF tissue 
change induced by diabetes through the above mechanisms.
This study aimed at assessing the correlates of PF ultra-
sononographic and elastosonographic parameters in indi-
viduals with type 2 diabetes encompassing various degrees 
of micro and macrovascular complications.

MATERIALS AND METHODS

Patients
Ninety-eight consecutive Caucasian patients with type 
2 diabetes (39 females, 59 males, aged 69.3 ± 9.7 years) 

attending the yearly follow-up visit for the Study on the 
Assessment of determinants of Muscle and Bone strength 
Abnormalities in diabetes (SAMBA) between January 2021 
and December 2021 were considered for this cross-section-
al analysis. The SAMBA is an observational, prospective, 
cohort study, aimed at assessing the independent correlates 
of impaired muscle and bone strength in diabetic patients 
with and without micro and macrovascular complications. 
The study was conducted in accordance with the 1964 
Declaration of Helsinki and its later amendments and meets 
the ethical standards of the journal. The research protocol 
was approved by the locally appointed ethics committee 
and participants gave written informed consent (Protocol n.  
784/2012  - Date of approval: September 24, 2012).
According to the SAMBA protocol, traditional cardiovas-
cular risk factors and a variety of measures of complications 
were assessed in study participants by the use methods that 
were previously described (17) and are partly reproduced 
here; in addition, for the purpose of the current analysis, 
patients underwent also an ultrasonographic and elastoso-
nographic evaluation of PF.

Measurements

Ultrasonography and elastosonography of PF
Conventional B-mode ultrasonographic evaluation of the 
PF was performed by a physiatrist with a > 3-year experi-
ence using a high-resolution 4-15 MHz linear-array trans-
ducer (MyLabOmega; Esaote, Genoa, Italy), according to 
the European Society of Musculoskeletal Radiology guide-
lines (18). The PF was evaluated at the insertional region 
and along its course and the operator measured the maxi-
mum thickness at the calcaneal enthesis. 
Real-time elastosonographic images were then obtained 
by applying light rhythmic pressure with the probe and 
recorded on the ultrasonographic machine (12). Transduc-
er pressure was applied horizontally, keeping the probe 
perfectly perpendicular to the PF to reduce any bias relat-
ed to anisotropy, and was adjusted according to the real-
time visual marker for compression shown on the screen 
(a grey spring indicating insufficient or excessive tissue 
deformation, whereas a green spring indicates appropri-
ate tissue deformation). The examiner tapped the tendon 
in the same place four times with a small and regular pres-
sure: this external pressure generates a change in the struc-
tural shape of the PF that the probe detects as elastographic 
information. Depending on tissue deformability, one of four 
colors appears on the screen superimposed on the B-mode 
image: red for high stiffness, blue for intermediate stiffness 
and green for low stiffness. Following acquisition of all the 
images, each elastogram was subsequently processed with 



111Muscles, Ligaments and Tendons Journal 2023;13 (1)

Flavia Santoboni, Serena Michelini, Mario vetrano, Et Al.

the ElaXTo software, in order to quantitatively measure the 
percentage elasticity of hard tissue (Elx-Hrd). Windows 
with the same area (0.11 cm2) were identified as region of 
interest (ROI) at the insertional region, that corresponds to 
the maximal PF thickness (Elx-Hrd insertion), in subcuta-
neous plantar tissue above the insertional area, and along 
the course of PF, at a distance of 4 cm from the calcane-
al insertion (Elx-Hrd course). Another parameter detected 
was the Elx 2/1, i.e., the strain ratio of subcutaneous ROI 
(zone 1) and the insertional PF ROI (zone 2). The system 
in fact provides a measure of the relationship between the 
deformations of the tissues enclosed in the two ROIs. The 
resulting value is directly proportional to the greater deform-
ability of the tissue enclosed in zone 2 compared to zone 1.

Risk factors for cardiovascular disease (CVD)
All patients underwent a structured interview in order to 
collect information about demographics, lifestyle habits, 
known diabetes duration, and current treatments. Regard-
ing lifestyle habits, patients were classified as never, former 
or current smokers; and sedentary or non-sedentary (if 
spending > or < 8 hours/day, respectively, in a sitting, reclin-
ing or lying posture while awake) and/or physically inactive 
or active (if spending < or > 150 min/week, respectively, in 
moderate-to-vigorous physical activity) (19).
Body mass index (BMI) was calculated from body weight and 
height; waist circumference was measured at the umbilicus; 
and fat mass and fat-free mass were assessed by body imped-
ance (Tanita BF664, Vernon Hills, IL, USA). Blood pressure 
(BP) was measured with a with a mercury sphygmomanom-
eter with the patients seated with the arm at the heart level. 
Hemoglobin (Hb) A1c was assessed by a DCCT-aligned 
high-performance liquid chromatography method (Adams 
TMA1C HA-8160, Menarini Diagnostics, Florence, Italy). 
Fasting glucose, triglycerides, total and HDL cholesterol were 
measured by using the VITROS 5,1 FS Chemistry System 
(Ortho-Clinical Diagnostics, Inc, Raritan, NJ, USA) and LDL 
cholesterol was calculated by the Friedewald formula.

Complications
Prevalent CVD was assessed from medical history by record-
ing previous documented major acute CVD events, includ-
ing myocardial infarction, stroke, foot ulcer, gangrene and 
amputation, and revascularization procedures (20). In addi-
tion, carotid intima-media thickness (IMT) and ankle-bra-
chial index (ABI) were assessed as surrogate measures of 
diabetic macroangiopathy by color-coded duplex sonogra-
phy (Agilent HP ImagePoint HX, Hewlett Packard, Rome, 
Italy) and a mercury sphygmomanometer plus a handheld 
continuous wave Doppler device (Super Doppler 2, Huntle-
ight Healthcare, Lewis Center, OH), respectively.

Diabetic kidney disease (DKD) was evaluated by assess-
ing serum creatinine and albuminuria. Serum creatinine was 
measured by the modified Jaffe method, traceable to IDMS, 
and estimated glomerular filtration rate (eGFR) was calculated 
by the Chronic Kidney Disease Epidemiology Collaboration 
equation (http://www.qxmd.com/calculate-online/nephrol-
ogy/ckd-epi-egfr). Albuminuria was assessed as urinary albu-
min:creatinine ratio (ACR) by measuring albumin and creati-
nine concentration by immunonephelometry and the modified 
Jaffe method, respectively, in first-morning, urine samples. 
Patients were then classified as having DKD based on an eGFR 
< 60 ml/min/1.73 m2 and/or an ACR > 30 mg/g (20).
Diabetic retinopathy (DR) was evaluated by fundus exam-
ination in mydriasis. Patients were classified as having DR 
based on the presence of either non-proliferative DR, prolif-
erative DR, or maculopathy (20).
Diabetic peripheral neuropathy (DPN) was assessed 
based on anamnestic, clinical and instrumental evaluation 
(17). Symptoms and signs of DPN were assessed using 
the Michigan Neuropathy Screening Instrument compris-
ing a 15-item self-administered questionnaire and a lower 
extremity examination that includes foot inspection, assess-
ment of vibration perception threshold (VPT) at hallux and 
ankle reflexes, and monofilament testing. The VPT in the 
left and right malleolus and hallux was assessed by the use 
of a biothesiometer (Horwell, Nottingham, UK). The distal 
latencies, amplitudes, and conduction velocities of the pero-
neal motor nerve (PMN) and sural sensory nerve (SSN) 
were measured bilaterally by electromyography (EMG), 
using a Medelec MS 928 Neurostar (Oxford Instruments 
Medical, Old Woking, UK), and results were compared 
with age-related reference values (21). Small fiber nerves 
were evaluated non-invasively by using Sudoscan™ (Impe-
to Medical, Paris, France), which assesses the function of 
sweat glands innervated by the peripheral nerve system by 
measuring electrochemical skin conductance (ESC) at feet 
and hands, with values < 60 μS considered abnormal (22). 
Patients were then classified has having DPN based on the 
presence of signs and symptoms of DPN, confirmed by 
neuro-electrophysiological and/or small fiber nerve abnor-
malities, according to the Toronto Diabetic Neuropathy 
Expert Group (23).
Cardiac autonomic neuropathy (CAN) was evaluated by 
Sudoscan™ (Impeto Medical), which also provides a CAN 
score, which reflects the degree of sympathetic and baro-
receptor dysfunction and predicts subclinical CAN with a 
sensitivity of 83% and specificity of 63% (24).

Statistical analysis
Data are expressed as mean ± SD, for continuous vari-
ables, and number of cases and percentages for categorical 

https://qxmd.com/calculate/
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variables. Patients were stratified by age (below and above 
median), sex, PA level, and complications and PF param-
eters were compared using the Student t-test or one-way 
ANOVA for continuous variables and the c2 test for cate-
gorical variables.
Univariate analysis of correlations between PF parameters 
and the variables tested was performed using Spearman’s 
rho. Then, linear regression analyses with stepwise variable 
selection were applied to assess independent correlates of PF 
parameters. Covariates were age and sex plus smoking, PA 
level, diabetes duration, BMI (or waist circumference or fat 
mass plus fat-free mass), triglycerides, HDL and LDL choles-
terol, and systolic and diastolic BP (model 1) or plus pres-
ence/absence of CVD, DKD; DR, DPN and CAN (model 2).
All the above analyses were conducted using either the mean 
value of the right and left measure of each PF parameter or 
the lowest and highest value between the two.
All P-values were two-sided, and a p < 0.05 was considered 
statistically significant. Statistical analyses were performed 
using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
The clinical features of study participants are shown in table 
I. There was no significant difference between female and 
male patients, except for smoking habits, adiposity and 
body composition, lipid profile and selected neuro-electro-
physiological measures.
Ultrasonographic and elastosonographic parameters of the 
PF tended to be higher in males than in females, though a 
significant difference was observed only for the lowest Elx 

1/2 value (table II). Moreover, no difference was detected 
by age category, physical activity and presence of compli-
cations (not shown), except CAN; thickness (non-signifi-
cantly), Elx-Hrd insertion, and Elx 1/ were in fact higher 
in participants with than in those without CAN (figure 1).
Upon univariate analysis (table III), the mean value of PF 
parameters correlated significantly between each other as 
well as with BMI and, except for Elx-Hrd course, waist 
circumference and fat-free mass, but not fat mass. In addi-
tion, the mean value of PF thickness correlated inversely 
with PMN and SSN amplitude, whereas the mean value of 
Elx-Hrd insertion correlated directly with VPT at malleo-
lus and mean values of all parameters except thickness with 
CAN score.
Upon multivariable analysis (table IV), BMI (model 1) and 
CAN score (model 2) were independently associated with 
the mean value of PF thickness, Elx-Hrd insertion, and Elx 
½. When substituted for BMI, waist circumference or fat 
mass and fat-free mass were also independently associated 
with the mean value of PF thickness, Elx-Hrd insertion, and 
Elx 1/2 (model 1) (not shown). In addition, male sex was an 
independent correlate of the mean value of PF thickness, 
Elx-Hrd insertion, and Elx 1/2 in model 1 and of the mean 
value of Elx-Hrd insertion and Elx 1/2 in model 2. Final-
ly, an independent and inverse correlation was detected for 
triglycerides (model 1) and age (model 2) with the mean 
value of PF thickness and for DR (model 2) with the mean 
value of Elx-Hrd insertion.
Correlations did not change when using the lowest or the 
highest value of each PF parameter instead of the mean 
value (not shown).

Table I. Clinical features of study participants.

Variables All Females Males P-value
(n = 98) (n = 39) (n = 59)

Age, years 69.3 ± 9.7 69.2 ± 11.3 69.3 ± 8.5 0.984

Smoking 0.016

    Never 54 (55.1) 28 (71.8) 26 (44.1)

    Former 30 (30.6) 9 (23.1) 21 (35.6)

    Current 14 (14.3) 2 (5.1) 12 (20.3)

Physical activity 0.136

    Sedentary/physically inactive 18 (18.4) 9 (23.1) 9 (15.3)

    Non-sedentary/physically inactive 34 (34.7) 17 (43.6) 17 (28.8)

    Sedentary/physically active 10 (10.2) 4 (10.3) 6 (10.2)

    Non-sedentary/physically active 36 (36.7) 9 (23.1) 27 (45.8)

Diabetes duration, years 16.7 ± 9.3 17.2 ± 9.0 16.4 ± 9.6 0.693

HbA1c, % 6.84 ± 1.76 6.95 ± 1.82 6.80 ± 1.73 0.778

Fasting plasma glucose, mmol/l 8.05 ± 2.32 8.07 ± 2.40 8.04 ± 2.29 0.677

Post-prandial plasma glucose, mmol/l 145.1 ± 41.8 145.4 ± 43.3 144.9 ± 41.2 0.954
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Variables All Females Males P-value
(n = 98) (n = 39) (n = 59)

BMI, kg/m2 29.2 ± 5.6 30.6 ± 6.4 28.3 ± 4.8 0.046

Fat mass, % 30.4 ± 9.9 36.6 ± 9.3 26.3 ± 8.0 < 0.0001

Fat-free mas, Kg 55.4 ± 11.6 47.5 ± 9.0 60.6 ± 10.1 < 0.0001

Waist circumference, cm 102.8 ± 14.2 103.4 ± 14.7 102.4 ± 13.9 0.731

Triglycerides, mmol/l 1.68 ± 0.81 1.66 ± 0.80 1.70 ± 0.83 0.825

Total cholesterol, mmol/l 4.28 ± 1.03 4.64 ± 0.86 4.04 ± 1.06 0.004

HDL cholesterol, mmol/l 1.19 ± 0.26 1.28 ± 0.24 1.13 ± 0.25 0.004

LDL cholesterol, mg/dl 2.35 ± 0.89 2.57 ± 0.82 2.20 ± 0.91 0.044

Systolic BP, mmHg 136.8 ± 18.5 135.9 ± 19.4 137.4 ± 18.0 0.702

Diastolic BP, mmHg 75.9 ± 10.3 75.5 ± 10.7 76.2 ± 10.2 0.754

Carotid IMT, mm 1.17 ± 0.12 1.14 ± 0.12 1.19 ± 0.12 0.047

ABI 0.93 ± 0.13 0.94 ± 0.13 0.93 ± 0.13 0.592

CVD, n (%) 0.504

    No 88 (89.8) 36 (92.3) 52 (88.1)

    Yes 10 (10.2) 3 (7.7) 7 (11.9)

Serum creatinine, μmol/l 96.4 ± 26.5 91.1 ± 24.8 99.9 ± 27.4 0.093

eGFR, ml/min/1.73 m2 67.5 ± 17.9 66.5 ± 19.7 68.1 ± 16.8 0.679

ACR, mg/g 33.5 ± 71.7 20.8 ± 47.4 41.9 ± 83.4 0.156

DKD, n (%) 0.766

    No 56 (57.1) 23 (59.0) 33 (55.9)

    Yes 42 (42.9) 16 (41.0) 26 (44.1)

DR, n (%) 0.125

    No 75 (76.5) 33 (84.6) 42 (71.2)

    Yes 23 (23.5) 6 (15.4) 17 (28.8)

VPT malleolus, mV 22.4 ± 10.7 21.9 ± 11.0 22.8 ± 10.6 0.691

VPT hallux, mV 21.6 ± 10.9 22.1 ± 11.6 21.2 ± 10.6 0.698

PMN distal latency, m/sec 5.00 ± 0.69 4.74 ± 0.56 5.18 ± 0.71 0.002

PMN amplitude, mV 3.30 ± 1.40 3.52 ± 1.27 3.16 ± 1.48 0.214

PMN nerve conduction velocity, m/s 46.0 ± 4.0 47.0 ± 3.0 45.3 ± 4.5 0.039

SSN distal latency, m/sec 3.23 ± 0.64 3.20 ± 0.47 3.25 ± 0.74 0.706

SSN amplitude, mV 11.7 ± 5.4 13.6 ± 4.5 10.5 ± 5.6 0.005

SSN nerve conduction velocity, m/s 40.5 ± 11.0 44.2 ± 7.4 38.1 ± 12.3 0.006

ESC feet, micro/s 70.8 ± 14.9 71.6 ± 14.3 70.2 ± 15.4 0.665

ESC hands, micro/s 60.4 ± 15.6 61.1 ± 15.8 59.9 ± 15.6 0.717

Peripheral neuropathy, n (%) 0.087

    No 55 (56.1) 26 (66.7) 29 (49.2)

    Yes 43 (43.9) 13 (33.3) 30 (50.8)

CAN score, % 46.4 ± 13.0 48.1 ± 13.9 45.2 ± 12.4 0.297

CAN, n (%) 0.104

    No 67 (68.4) 23 (59.0) 44 (74.6)

    Yes 31 (31.6) 16 (41.0) 15 (25.4)

HbA1c: hemoglobin A1c; BMI: body mass index; BP: blood pressure; IMT: intima-media thickness; ABI: ankle-brachial index; CVD: cardiovascular dis-
ease; eGFR: estimated glomerular filtration rate; ACR: albumin:creatinine ratio; DKD: diabetic kidney disease; DR: diabetic retinopathy; VPT: vibration 
perception threshold; PMN: peroneal motor nerve; SSN: sural sensory nerve; ESC: electrochemical skin conductance; DPN: diabetic peripheral neurop-
athy; CAN: cardiac autonomic neuropathy.
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Table II. Ultrasonographic and elastosonographic parameters of PF.

Variables All Females Males P-value

(n = 98) (n = 39) (n = 59)
Mean thickness, mm 3.97 ± 0.77 3.83 ± 0.81 4.06 ± 0.74 0.155

Lowest thickness, mm 3.74 ± 0.76 3.58 ± 0.76 3.85 ± 0.75 0.087

Highest thickness, mm 4.20 ± 0.85 4.09 ± 0.95 4.27 ± 0.78 0.291

Mean Elx-Hrd insertion, % 81.2 ± 12.5 78.8 ± 13.3 82.7 ± 11.8 0.130

Lowest Elx-% insertion, % 81.2 ± 12.5 78.8 ± 13.3 82.7 ± 11.8 0.130

Highest Elx-% insertion, % 75.9 ± 15.3 78.8 ± 13.3 82.7 ± 11.8 0.130

Mean Elx-% course, % 80.4 ± 11.8 80.3 ± 10.2 80.4 ± 11.4 0.947

Lowest Elx-% course, % 75.7 ± 12.8 75.6 ± 12.6 75.9 ± 13.1 0.909

Highest Elx-% course, % 85.4 ± 11.2 85.4 ± 10.1 85.4 ± 11.9 0.979

Mean Elx 1/2 4.27 ± 2.26 3.78 ± 1.86 4.60 ± 2.45 0.077

Lowest Elx 1/2 3.24 ± 1.74 2.74 ± 1.17 3.57 ± 1.97 0.020

Highest Elx 1/2 5.32 ± 3.26 4.84 ± 3.17 5.64 ± 3.30 0.241

PF: plantar fascia; Elx: elasticity; Hrd: hard tissue.

Figure 1. Ultrasonographic and elastosonographic parameters of PF by BMI category and presence of CAN. Mean thickness 
(A, E), mean Elx-Hrd insertion (B, F), mean Elx-Hrd course (C, G), and mean Elx 1/2 (D, H) in normal-weight (white bar), over-
weight (grey bar) and obese (black bar) patients (A-D) and in those without (white bar) and with (black bar) CAN (E-H). 
PF: plantar fascia; BMI: body mass index; CAN: cardiac autonomic neuropathy; Elx: elasticity; Hrd: hard tissue.
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Table III. Univariate correlations of ultrasonographic and elastosonographic parameters of PF between each other and with 
CVD risk factors and surrogate measures of complications.

Variables Mean thickness Mean 
Elx-Hrd insertion

Mean 
Elx-Hrd course

Mean Elx 1/2

r p r p r p r p

Mean thickness 1.000 - 0.619 < 0.0001 0.175 0.084 0.618 < 0.0001

Maen Elx-Hrd insertion 0.619 < 0.0001 1.000 - 0.334 0.001 0.836 < 0.0001

Mean Elx-Hrd course 0.175 0.084 0.334 0.001 1.000 - 0.326 0.001

Mean ELX 1/2 0.618 < 0.0001 0.836 < 0.0001 0.326 0.001 1.000 -

Age -0.143 0.160 0.014 0.894 0.149 0.143 -0.052 0.610

Diabetes duration 0.069 0.497 0.076 0.456 0.052 0.609 0.094 0.355

HbA1c -0.098 0.339 -0.071 0.485 0.101 0.320 -0.052 0.612

Fasting plasma glucose -0.012 0.908 -0.079 0.438 0.088 0.388 -0.128 0.210

Post-prandial plasma glucose -0.134 0.187 -0.075 0.465 0.183 0.071 -0.150 0.139

BMI 0.369 < 0.0001 0.384 < 0.0001 0.205 0.042 0.372 < 0.0001

Fat mass 0.105 0.303 0.089 0.383 0.082 0.420 0.074 0.469

Fat-free mass 0.373 < 0.0001 0.397 < 0.0001 0.126 0.217 0.382 < 0.0001

Waist circumference 0.447 < 0.0001 0.437 < 0.0001 0.159 0.117 0.422 < 0.0001

Triglycerides -0.105 0.302 -0.095 0.350 0.023 0.821 -0.170 0.094

Total cholesterol -0.035 0.729 -0.057 0.579 -0.137 0.179 -0.123 0.226

HDL cholesterol -0.102 0.319 -0.130 0.202 -0.119 0.244 -0.125 0.221

LDL cholesterol 0.035 0.729 0.034 0.739 -0.101 0.320 0.020 0.842

SBP 0.032 0.758 0.046 0.652 0.113 0.268 -0.036 0.728

DBP 0.029 0.776 -0.091 0.373 -0.025 0.810 -0.165 0.105

eGFR 0.121 0.237 -0.016 0.873 -0.178 0.079 -0.017 0.866

ACR 0.041 0.687 0.025 0.803 -0.015 0.880 0.103 0.314

Carotid IMT 0.126 0.217 0.108 0.290 0.129 0.206 0.097 0.340

ABI 0.067 0.515 -0.017 0.869 -0.077 0.452 0.014 0.889

PMN distal latency 0.192 0.059 0.115 0.258 0.041 0.691 0.143 0.161

PMN amplitude -0.231 0.022 -0.112 0.272 -0.102 0.316 -0.110 0.281

PMN nerve conduction velocity -0.173 0.088 -0.129 0.206 -0.149 0.144 -0.170 0.095

SSN distal latency 0.068 0.508 0.003 0.979 -0.025 0.810 0.066 0.519

SSN amplitude -0.222 0.028 -0.119 0.244 -0.074 0.466 -0.107 0.294

SSN nerve conduction velocity -0.131 0.199 -0.143 0.159 -0.048 0.637 -0.149 0.144

VPT malleolus 0.083 0.416 0.229 0.023 0.150 0.141 0.191 0.060

VPT hallux -0.066 0.520 0.132 0.194 0.200 0.048 0.101 0.323

ESC feet 0.041 0.688 -0.045 0.660 0.013 0.901 -0.017 0.865

ESC hands 0.149 0.142 -0.013 0.903 0.072 0.481 -0.005 0.960

CAN score 0.119 0.243 0.288 0.004 0.223 0.027 0.235 0.020

PF: plantar fascia; CVD: cardiovascular disease; Elx: elasticity; Hrd: hard tissue; HbA1c: hemoglobin A1c; BMI: body mass index; BP: blood pressure; IMT: 
intima-media thickness; ABI: ankle-brachial index; eGFR: estimated glomerular filtration rate; ACR: albumin:creatinine ratio; VPT: vibration perception 
threshold; PMN: peroneal motor nerve; SSN: sural sensory nerve; ESC: electrochemical skin conductance; CAN: cardiac autonomic neuropathy.
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DISCUSSION
Plantar fasciitis is one of the most common causes of heel 
pain affecting people in their fourth and fifth decades (25) 
and, as other musculoskeletal disorders (2), is particularly 
frequent patients with type 2 diabetes (3). Though pain is 
usually self-limiting and resolves within a year with conser-
vative treatment, including extracorporeal shockwave ther-
apy (26), a few patients need surgery (27). This prelimi-
nary study assessed the correlates of PF ultrasonographic 
and elastosonographic parameters in these individuals by 
analyzing a wide range of CVD risk factors and long-term 
complications.
Regarding CVD risk factors, results showed that PF values 
correlated with parameters of adiposity, including BMI, 
waist circumference, and fat mass, in keeping with previ-
ous observations in non-diabetic (28) and diabetic (19, 
21) individuals. However, they were also related to fat-free 
mass, suggesting a relationship with skeletal muscle mass, 
despite the fact that no association was found with the level 

of physical activity. Therefore, these findings seem to indi-
cate a central role for the extent of pressure exerted on the 
PF due to gravitational loads from either increased body 
weight or ground reaction forces associated with movement. 
Noteworthy, no relationship was found with other CVD risk 
factors, including diabetes duration and HbA1c, which were 
previously reported to be closely related with several muscu-
loskeletal complications (29). This finding seems to argue 
against the involvement of AGE accumulation in worsening 
PF parameters to favor the development of plantar fasciitis, 
though the preliminary nature of this study does not allow 
drawing definitive conclusions. Moreover, no effect of age 
was observed, consistent with a previous report on diabet-
ic individuals (5) and at odds with the findings that older 
individuals have increased incidence of plantar fasciitis (28) 
and worse outcomes after extracorporeal shockwave thera-
py (26). Finally, males were found to have higher PF values 
than female, though differences were generally non-signifi-
cant. This finding seems to be at variance with the reported 

Table IV. Multivariable correlates of ultrasonographic and elastosonographic parameters of PF.

Independent variables Mean thickness Mean 
Elx-Hrd insertion

Mean Elx-Hrd course Elx 1/2

Beta p Beta p Beta p Beta p
Model 1

Age, years - - - - - - - -

Male sex 0.383 0.009 6.034 0.014 - - 1.414 0.002

Smoking - - - - - - - -

Physical activity - - - - - - - -

Diabetes duration - - - - - - - -

HbA1c - - - - - - - -

BMI 0.065 < 0.0001 0.933 < 0.0001 - - 0.172 < 0.0001

Triglycerides -0.002 0.022 - - - - - -

HDL cholesterol - - - - - - - -

LDL cholesterol - - - - - - 0.012 0.065

Systolic BP - - - - - -

Diastolic BP - - - - - - -0.040 0.058

Model 2 - - - -

Age -0.017 0.050 - - - - -0.044 0.067

Male sex 0.298 0.059 6.281 0.013 - - 1.123 0.012

CVD - - - - - - - -

DKD - - - - - - - -

DR - - -5.885 0.043 - - - -

DPN - - - - - - - -

CAN 0.453 0.011 10.136 < 0.0001 - - 1.911 < 0.0001

PF: plantar fascia; Elx: elasticity; Hrd: hard tissue; HbA1c: hemoglobin A1c; BMI: body mass index; BP: blood pressure; CVD: cardiovascular disease; 
DKD: diabetic kidney disease; DR: diabetic retinopathy; DPN: diabetic peripheral neuropathy; CAN: cardiac autonomic neuropathy.
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higher incidence of plantar fasciitis in diabetic females (3), 
though contrasting data were reported in the general popu-
lation for sex distribution (28).
Regarding long-term complications, results showed a strong 
independent association between CAN score and PF thick-
ness and hardness, suggesting a major role of autonomic 
dysfunction in plantar fasciitis occurring in diabetic individ-
uals. This finding is consistent with previous results from the 
SAMBA, showing that CAN is an independent correlate also 
of muscle (17) and bone (30) parameters, though the mecha-
nism is unclear. Conversely, only sporadic relationships were 
detected between PF values and parameters of peripheral 
neuropathy in the univariate, but not in the multivariable 
analysis. This finding is also in keeping with a study indicat-
ing that somatic DPN was not a predictor of the develop-
ment of plantar fasciitis in people with diabetes (5). Again, 
no conclusive evidence can be derived from our survey in this 
respect and further studies are needed to clarify this issue.
A clear strength of our study is the in-depth characterization 
of patients by assessing a wide range of CVD risk factors 
and complications together with ultrasonographic and elas-
tosonographic parameters of PF. However, there are several 
limitations. First, the relatively small number of study partic-
ipants, which may have resulted in an insufficient power to 
detect significant associations between PF parameters and 
the variables tested. Second, the lack of a control group, 
though comparison with healthy individuals was beyond the 
scope of our investigation, which was aimed at identifying 
correlates of PF parameters in diabetic patients with various 
degree of complications. Third, the cross-sectional design 
makes causal interpretation impossible.

CONCLUSIONS
In conclusion, this preliminary analysis in patients with 
type 2 diabetes showed that the main correlates of ultraso-
nographic and elastosonographic parameters of the PF are 
adiposity and body composition together with presence of 
CAN, suggesting that body weight reduction, maintenance 
of muscle mass, and prevention of neuropathic complica-
tions may result in a decreased incidence of plantar fasciitis 
in these individuals.
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SUMMARY
Introduction. The Back Pain Functional Scale is a scale to assess disability in Low Back 
Pain patients.  The purpose of this study was to translate, culturally adapt and validate 
the BPFS from the original English language into Italian. 
Materials and methods. Translation and cultural adaptation have been performed 
following international guidelines. 170 italian-speaking subjects with low back pain 
were recruited; 58 of them also performed the re-test. Internal consistency was assessed 
by calculating Cronbach’s Alpha and test-retest reliability was assessed by calculat-
ing the Intraclass Correlation Coefficient (ICC). Exploratory factor analysis and was 
performed to assess the construct validity and the correlation with other clinical scales 
was observed through Pearson’s correlation coefficients.
Results. High internal consistency (Cronbach’s Alpha = 0.912) and very good test-re-
test reliability (ICC = 0.956) were found. Pearson’s correlation coefficient showed 
statistically significant correlations (p < 0.01) with the BPFS, FRI and ODI. 
Conclusions. The Italian version of the BPFS showed with good reliability and 
construct validity. This scale can be considered for the assessment of functional disabil-
ity in subjects with LBP: short, intuitive and easy to understand. It can certainly be 
used for both clinical practice and research. 
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Low back pain; evaluation; scale; reliability; validity. 
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naire takes less than 5 minutes for administration and less 
than 30 seconds for final scoring (16).
This scale has been translated, validated and culturally 
adapted in Persian and Turkish (17, 18).
The purpose of this study is to translate and culturally adapt 
the BPFS for Italian-speaking subjects with LBP, and to 
assess the validity and reliability of the BPFS. 

MATERIALS AND METHODS 
The research group of this study is composed of rehabilita-
tion professionals from the Sapienza University of Rome and 
Department of Rome Aerospace Medicine. After obtaining 
the written consent of the creators of the Back Pain Func-
tional Scale, the international guidelines of Wild et al. and 
Beaton et al. (19, 20) were followed to translate and cultural-
ly adapt the original scale into Italian. 
Authors certify that all applicable institutional and govern-
mental regulations concerning the ethical use of human 
volunteers were followed during the course of this research. 
All procedures followed were in accordance with the ethical 
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki 
Declaration of 1975, as revised in 2008. Informed consent 
was obtained from all participants for being included in the 
study. Institutional Review Board approval was not required 
because the administration of these tool was part of the 
usual process of assessment of these individuals in clinical 
practice, the research involved the analysis of data collected 
such that individual subjects cannot be identified in any way. 

Translation and cultural adaptation
As stated above, the international guidelines of Wild et al. 
and Beaton et al. have been followed to translate and cultur-
ally adapt the BPFS into Italian. 
As we can see from figure 1, the first translation phase 
(Forward-Translation) was carried out independently by 
two physiotherapists: the first Italian with a good knowledge 
of English; the second native English speaker who has been 
living in Italy for several years. Both formulated two indepen-
dent translations. The two translations were then combined by 
a third independent translator who was not aware of the previ-
ous translations, creating a single version optimized in Italian. 
Subsequently, the optimized single version in Italian was 
translated into English again by two bilingual translators 
(Back-Translation). The back-translated version of the scale 
was compared with the original. 
Finally, the final version of the translation was examined by 
a Focus Group composed of three Physiotherapists, who 
corrected any spelling, grammar or other errors to minimize 
the differences between the version obtained and the origi-
nal English version. 

INTRODUCTION
Low back pain is a symptom characterized by a pain locat-
ed between the lower edge of the costal arch and the lower 
gluteal folds, sometimes radiating to the lower limbs (1). 
Low Back Pain (LBP) can be acute, subacute and chronic.
LBP is the second most common health problem in the 
community after the common cold (2), it is considered one 
of the most frequent diseases: just think that 75-85% of 
individuals experience it at least once in their lifetime (3).
Physical activity is the main element in the prevention and 
treatment of low back pain. It does not require expensive 
materials, therefore providing an accessible intervention in 
which the patient directly controls pain. Spinal stabilization 
and the McKenzie approach are two different interventions 
for the treatment and prevention of low back pain (4).
It is therefore easy to understand how essential it is to inves-
tigate this disease and assess it in the most appropriate and 
correct way possible. In patients with LBP, joint mobility 
and muscle strength are the most commonly assessed physi-
ological parameters in both clinical practice and research (5).
Pain or proprioceptive impairment associated with lumbar 
spine defects can cause stability deficiencies. Therefore, 
reduction in the pain and/or improvement of propriocep-
tion in these patients could have positive effects on regaining 
optimal postural balance (6), so it is essential to use objec-
tive measurement questionnaires to determine the function-
al level of a patient with LBP and necessary to implement an 
effective and successful rehabilitation program (7).
Among the clinical tools to assess disability and functional 
impairment, patient-reported outcome measures (PROMs) 
have been reported as effective methods to assess the 
subjects’ perception of the disease due to back pain (8).
Although no gold standard questionnaires to assess disability 
subjects with LBP has been currently reported (9), the Oswestry 
disability index (ODI), the Roland and Morris Disability Ques-
tionnaire (RMDQ) and the Functional Rating Index (FRI) are 
commonly used PROMs for this purpose (10-12). 
However, they do not present a conceptual framework, 
data on measurement properties are lacking (13) and final-
ly, these measurements are designed for clinical trials rather 
than individual clinical practice (14, 15).  
To overcome these limitations, Stratford et al. formulat-
ed The Back Pain Functional Scale (BPFS) for patients 
with low back pain in 1998. The primary objective was to 
compensate for the shortcomings of commonly used scales 
and to create a measure of self-assessment of the patient’s 
functional status that was appropriate for both clinical prac-
tice and research (16).
The BPFS is a 12-item assessment scale that measures the 
patient’s ability to perform certain activities in daily life and 
how low back pain can adversely affect this. The question-
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Participants 
Italian-speaking subjects with LBP, aged 18-65 (17) were 
included in the study. Patients with rheumatological and 
neurological diseases, pregnant women, patients with a 
history of LBP surgery and patients with specific lumbago 
caused by tumors, fractures or infections were excluded.

Procedures
The administration of the questionnaire took place in the 
middle of the current health emergency due to the global 
pandemic by COVID-19. To overcome this problem and 
to ensure compliance with social distancing legislation, 
the questionnaires were administered remotely using the 
Google Forms platform between April and July 2020.
All participants were sent a single link including the 
informed consent followed by the scales, respectively: 
BPFS, FRI, ODI and finally VAS/NPRS. 
The scales were administered to 183 patients. 13 patients 
were excluded from the study due to incorrect compila-
tion. 170 patients were finally recruited for this study. 58 
out of the included subjects were administered the BPFS 
twice with one-week time-interval to assess test-retest reli-
ability. The subjects underwent no treatments between the 
two assessments.

Questionnaires 

The Back Pain Functional Scale (BPFS)
The BPFS is a self-administrable scale of 12 items aimed 
at assessing the patient’s ability to perform certain daily life 
activities including work, domestic, and sports/recreational 
activities. Each item can be evaluated on a 6-point Likert 
scale, with a score range from 0 to 5, where 0 indicates the 
inability to perform the specified activity due to back pain 
and 5 indicates the absence of difficulties. 
The single items scores are simply added together to obtain 
a final score that can vary from 0, lower functional level, to 
a maximum of 60 points, higher functional level. This scale 
requires less than 5 minutes for the administration and less 
than 30 seconds for the final scoring (21, 22).

Oswestry Disability Index (ODI)
The ODI (21) consists of 10 items, the first item investi-
gates the intensity of pain, and the others assess how much 
pain can affect daily life activities. Each item has a score 
from 0 (no pain) to 5 (maximum pain). The final score is 
obtained by adding the points obtained by each item, 
dividing this sum by the total possible score (50), and then 
converting this fraction into a percentage. A higher score 
reflects a higher disability. The questionnaire is completed 
in about 5 minutes and the final scoring calculated in less 
than 1 minute. 

The Functional Rating Index (FRI)
The FRI (24) is composed of 10 items also aimed at assess-
ing pain and the ability to perform certain daily activities. 
Each item is asked to score on a Likert scale ranging from 
0 (no pain and ability to perform certain activities) to 4 
(worst possible pain and inability to perform certain activi-
ties). Then the total score is calculated by adding the scores 
of the 10 items, dividing this result by the total possible 
score (40) and then converting this fraction into a percent-
age. Then you will have 0% ‒ no disability, 100% ‒ severe 
disability.

The Numerical Pain Rating Scale (NPRS) /VAS 
The NPRS (25) is a self-administration tool used to assess 
the severity of pain. It is a segmented numerical version of 
the visual analogue scale (VAS) (26) where the patient selects 
an integer number (0-10) which, as mentioned above, best 
reflects the intensity of his or her pain. Like the VAS, this is 
represented by a horizontal line delimited at its extremes, 
ranging from 0 (no pain) to 10 (worst possible pain). The 
patient selects a number along this line, at the point that 
most accurately expresses the perceived pain.

Figure 1. Flowchart of the adaptation of the Back Pain Func-
tional Scale (BPFS) from English into Italian.



122 Muscles, Ligaments and Tendons Journal 2023;13 (1)

An Evaluation of Psychometric Properties in Patients with Low Back Pain

Statistical analysis
All statistical analyses were performed using IBM - SPSS 
version 25.00 and the level of significance was set for a 
P-value less than or equal to 0.05.
Following the checklist “Consensus-Based Standards for 
the Selection of Health Status Measurement Instrument” 
(COSMIN), the reliability and validity of the culturally 
adapted scale (27) were evaluated. The reliability of internal 
consistency was assessed by calculating Cronbach’s Alpha, 
whose values must be in the range 0.7-0-9. This range indi-
cates an excellent homogeneity of the items within the total 
scale. The test-retest reliability, instead, has been evaluated 
through the calculation of the Intraclass Correlation Coef-
ficient (ICC). The ICC must assume a value greater than 
0.7. Structural validity was also assessed through factorial 
analysis investigating the validity of the construct. Prior to 
the factorial analysis, Kaiser Meyer Olkin’s (to determine 
the suitability of the sample) and Bartelett’s (to determine 
the suitability of the sample) tests were used. In order to 

calculate the construct validity of the BPFS, in addition to 
our scale, FRI and ODI were also administered, and Pear-
son Correlation Coefficient were calculated. It was expect-
ed to find negative linear correlations for comparison with 
all three scales, as a higher score in BPFS indicates better 
health, while a higher score in FRI, ODI and VAS/NPRS 
indicates worse health.

RESULTS 
Translation and cultural adaptation 
All the items in the final Italian translation of the BPFS were 
very similar to the items in the original English version. No 
particular changes were made to the adaptation process, 
and it was carried out without major difficulties. However, 
the unit of “mile”, which is in item no. 9, was converted to 
“Kilometer” and, since 1 mile corresponds to 1.5 km, the 
translation was “walking 1.5 km”. 

Participants
183 patients with low back pain were suitable for this 
study; however, 13 patients were excluded from the study 
due to incorrect compilation. Ultimately, 170 patients, who 
met the inclusion criteria, were recruited between April 
and July 2020. 
Table I shows the demographic characteristics of the 
participants. 

Reliability 
Cronbach’s Alpha was 0.912 revealing very good internal 
consistency. By eliminating one of the items, Cronbach’s 
alpha tends to decrease (table II). 

Table I. Demographic characteristic of the BPFS participants.

Minimum Maximum Mean
Age 18 80 38.91 ± 15.40

Height (cm) 148 190 170.14 ± 9.16

Weight (Kg) 42 103 69.5 ±1 3.28

Gender

Female 105 (61.8)

Male 65 (38.2)
Values are presented as mean ± standard deviation or number (%).

Table II. Internal consistency: Cronbach’s alpha for the subscales and Cronbach’s alpha if item deleted.

Scale Mean if 
Item Deleted

Scale Variance if 
Item Deleted

Corrected Item-Total Correlation Cronbach’s Alpha if Item Deleted

Item1 40.29 70.090 .744 .901

Item 2 40.58 68.316 .755 .900

Item 3 41.01 67.195 .756 .899

Item 4 40.74 68.631 .680 .903

Item 5 40.07 70.362 .598 .907

Item 6 40.67 65.962 .745 .900

Item 7 40.28 74.003 .473 .912

Item 8 40.43 70.045 .616 .906

Item 9 39.99 69.597 .666 .904

Item 10 39.76 70.714 .730 .902

Item 11 40.37 75.170 .416 .914

Item 12 40.12 70.270 .609 .907
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The test-retest reliability was very good, with an Intraclass 
Correlation Coefficient (ICC) of 0.956, which can be seen 
in table III.

Convergent validity 
The correlation of the BPFS with FRI was r = -0.835 and 
ODI was r = -0.828, indicating that the FRI and ODI were 
strongly correlate with BPFS (table IV). 

Factorial analysis 
As we can see in table V, the Kaiser Meyer Olkin and Bart-
lett test values indicate that the sample was suitable and 
adequate for factorial analysis. As far as factorial analysis 
is concerned, the scale had a mono-factorial structure and 
this can be observed through the Scree plot graph, shown 
in figure 2. According to the total variance analysis, the 
single factor of BPFS represents 51.733% of the total vari-
ance, which supports the questionnaire with a single factor 
structure.

DISCUSSION
The objective of this study was to carry out a process of 
translation, cultural adaptation, and validation of the BPFS 
from the original English language into Italian. The study 
produced an Italian version of the Back Pain Functional 
Scale (BPFS) linear and consistent with the original English 
version. The statistical tests carried out have demonstrated a 
good reliability and validity of the instrument, resulting in a 
scale to be taken into real consideration in order to evaluate 
the Low Back Pain on patients who are affected by it. The 

selection and the appropriate use of these questionnaires are 
needed to plan a successful treatment and follow-up (28). 
The RMDQ and ODI are the commonly used valid and reli-
able scales, they are not recommended for patients with low 
back pain for their insufficiency in indicating the level of 
disability (22), moreover Calamels et al. (9) sustain that there 
is no gold standard for low back pain assessment.

Table V. Kaiser Meyer Olkin and Bartlett’s tests.

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy .906

Bartlett’s Test of 
Sphericity

Approx. Chi-Square 1147.503

df 66

Sig. .000

Table III. Stability: intraclass correlation coefficient between test and retest of 58 participants.

Intraclass Correlation Coefficient
Intraclass 

Correlationb
95%Confidence Interval F Test with True Value 0

Lower Bound Upper Bound Value df1 df2 Sig
Average measures .956c .925 .974 22.187 57 57 .000

Two-way mixed effects model where people effects are random and measures effects are fixed. aThe estimator is the same, whether the interaction effect 
is present or not. bType A intraclass correlation coefficients using an absolute agreement definition. cThis estimate is computed assuming the interaction 
effect is absent because it is not estimable otherwise.

Table IV. Validity: Pearson correlation coefficient between BPFS, FRI and ODI.

Correlations
Total BPFS Total ODI Total FRI

Total BPFS Pearson Correlation 1 -.828** -.835**

Total ODI Pearson Correlation -.828** 1 .840**

Total FRI Pearson Correlation -.835** .840** 1
**Correlation is significant at the 0.01 level (2-tailed).

Figure 2. Scree plot graph of the Italian version of the Back 
Pain Functional Scale.
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The RMDQ is recommended to be used in combination 
with other measures when low back pain is associated with 
psychological or social problems. Compared with RMDQ, 
the BPFS has better internal consistency, test–retest reliabil-
ity, and point estimate of susceptibility to change, suggesting 
its superiority over RMDQ (18, 22, 29). However, we did 
not use RMDQ for the assessment of convergent validity 
assuming a better correlation between BPFS and FRI.
In the Turkish version of the questionnaire Maras et al. (18) 
recruited only patients with chronic low back pain in order to 
obtain a homogeneous group. Stratford et al. (16) who creat-
ed the original version of the BPFS, and Nakhostin Ansari 
et al. (17) too, who conducted the Persian version, did not 
separately report the status of patients for acute, subacute, or 
chronic low back pain, as well as in our study with the aim of 
being able to use the scale on a larger pool of patients.
Internal consistency was assessed by calculating Cronbach’s 
Alpha, which is 0.912; this value is statistically significant 
as it is higher than 0.7. The value is highly comparable to 
the Persian version (α = 0.90) and the Turkish version (α = 
0.910). The Italian version of the BPFS has a very good level 
of internal consistency. We note from table II that all items 
are indeed relevant to the scale. In fact, if one of them were 
to be eliminated, Cronbach’s Alpha value would tend to 
decrease, thus reducing the internal consistency of the scale. 
The test-retest reliability was assessed by calculating the Intra-
class Correlation Coefficient (ICC) which assumes a value 
of 0.956 (0.925-0.974). This value is highly comparable with 
the Turkish version data (ICC = 0.958) and higher than the 
Persian version data (ICC = 0.88). Considering the ICC 
values, it is possible to say that the Italian version of the BPFS 
has an excellent stability and this indicates that after repeat-
ed measurements, the instrument offers comparable results 
(table III). It has therefore been demonstrated that, following 
repeated administration to the same patient after one week 
and in the absence of treatment, the instrument remains stable.
The validity of the construct was assessed by comparing 
the BPFS scores with the FRI and ODI scores, calculating 
the Pearson Correlation Coefficient. All correlations were 
statistically significant with a p < 0.01. From this we can 
deduce that the Back Pain Functional Scale correlates well, 
through a negative linear correlation, with the Functional 
Rating Index and with the Oswestry Disability Index.
Tests by Kaiser Meyer Olkin and Bartlett showed that the 
sample was suitable and adequate for factorial analysis, 
which revealed that the BPFS had a single factor structure.  
The study was therefore conducted on a pool of patients 
with both acute and chronic low back pain and this could 
represent a limitation due to the heterogeneity of the 
sample, so in future the scale could be selectively evaluat-
ed on patients with acute pain, subacute pain and chron-

ic pain, as well as in Turkey where actually the scale has 
been validated only on chronic patients. On the other 
hand, however, the evaluation tool obtained in our coun-
try lends itself – having proved valid – to a wider use.

CONCLUSIONS
This study consists of translation, cultural adaptation and 
validation of the Back Pain Functional Scale (BPFS). 
From the analysis of the collected data, statistically signifi-
cant results have all emerged and it has been demonstrated 
that the Italian version of the BPFS has good psychometric 
properties. It has an excellent internal consistency, test-re-
test analysis, and construct validity, so it has been proven 
that we are dealing with a valid and reliable instrument.
The scale is short, intuitive, and easy to understand, both 
for health professionals and for the patient who has to fill 
it in. It will therefore be of fundamental importance to set 
up a good rehabilitation program, allowing us to evaluate 
the progress made following the rehabilitation of patients 
suffering from Low Back Pain. 
The Back Pain Functional Scale is an excellent evaluation 
tool for LBP, which can be used alongside the main gold 
standards and can certainly be used as diagnostic and evalu-
ation support in both medical and physiotherapeutic fields.
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SUMMARY
Background. Chronic plantar fasciitis (PF) is a common orthopedic condition that 
can demonstrate hard to effectively treat. In this study, platelet-rich plasma (PRP), a 
concentrated bioactive blood segment wealthy in cytokines and growth factors, was 
compared to steroid injection in the treatment of Chronic plantar fasciitis resistant to 
traditional non-operative management. 
Objective. To compare the effect of ultrasound-guided (US guided) injection of platelets 
rich plasma (PRP) with that of corticosteroid injection to treat patients with chronic PF. 
Methods. Patients with PF (n = 98) were assigned to receive either PRP or cortico-
steroid US-guided injection with double blind randomized. The visual analogue scale 
(VAS) at baseline evaluated the pain level, three and twelve weeks after injection. 
Results. In both corticosteroid and PRP injected groups, the average VAS heel pain 
scores and the mean its impact on quality of life were evaluated using the Manches-
ter-Oxford Foot Questionnaire (MOxFQ) scores were statistically lower compared 
with the pre-treatment scores (P < 0.001). The improving symptoms in the corticoste-
roid group at the beginning were better and then decreased after 12 weeks; still the 
differences were significant, while in the PRP group symptoms progressively improved. 
Conclusions. The current study results revealed that both PRP injection and cortico-
steroid injection are modalities for treatment of plantar fasciitis. PRP preparation is 
more powerful and strong than cortisone injection for the treatment of chronic plantar 
fasciitis, with less side effects and precautions. 
Study registration. The study was registered in clinicalTrials.gov (NCT05339542).

KEY WORDS
Degenerative plantar fasciitis; heel pain; platelet rich plasma; steroid; ultrasound guided 
injection.  
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INTRODUCTION
In recent years, platelet-rich plasma (PRP) has been inves-
tigated as a treatment option for plantar fasciitis. PRP is a 
bioactive concentrate of various growth factors and cyto-
kines that modulate cell proliferation and differentiation, 
angiogenesis, and chemotaxis (1).
When it is injected into injured tissue, the presumed mode 
of PRP action is to promote collagen synthesis and enhance 

tendon and tissue healing (2). Antonina et al. (3) conclud-
ed that a single injection of PRP is beneficial for the healing 
process in cases of Achilles rupture in experimental animals, 
although it was not sufficient for their functional recovery. 
Not surprising, long-term pain relief has been reported by 
a few authors, suggesting that PRP treatment augments 
a natural healing response (4). In theory, this makes PRP 
an ideal treatment option, and in fact, several studies have 
demonstrated very positive treatment outcome effects (5).
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Various conservative treatment options include 
non-weight bearing, eccentric stretching, night splints, 
orthotics, and non-steroidal anti-inflammatory drugs. 
These treatment measures can resolve nearly 80% of 
the cases. However, in cases who are not responsive to 
these treatments, invasive procedures in the form of local 
infiltration are required. Infiltration with intra-lesional 
steroids is commonly used in the treatment of chronic 
plantar fasciitis (6, 7).
This procedure is effective, but only produces short-term 
relief. Moreover, it is also accompanied by complica-
tions, such as local infections, heel fat pad atrophy, and in 
some cases even plantar fascia rupture in case of multiple 
injections (7).
Platelet-rich plasma (PRP) is promoted as an ideal autologous 
biological blood-derived product that can be exogenously 
applied to various tissues, where it releases high concentra-
tions of platelet-derived growth factors that enhance wound 
healing, bone healing, and tendon healing (8).
When platelets become activated, growth factors are 
released and initiate the body’s natural healing response 
(9). In animals, the addition of growth factors to ruptured 
tendon has been shown to increase the healing of the tendon. 
In humans, it has been shown that the injection of platelets 
into the tendon decreases pain (10).
Injection of autologous platelet rich plasma (PRP) has been 
recently proposed as a treatment for plantar fasciitis on the 
evidence that it contains various growth factors and cyto-
kines that may induce local factors to accelerate healing 
process (11). The autologous PRP does not have side effects 
compared to steroid injections. So far, PRP injections have 
shown promising results in various studies (12).
This prospective study makes use of the VAS score for heel 
pain, functional outcome scores and musculoskeletal ultra-
sound (MSUS) measurement of plantar fascia thickness as 
an outcome measure to study the actual role of single local 
injection of PRP in the management of plantar fasciitis (13).
Literature utilizing MSUS measurement of plantar fascia 
thickness as an outcome measure to study the effective-
ness of PRP injection are very few which makes this study 
unique. The null hypothesis is that PRP injection has no 
effect in the outcome of plantar fasciitis management (14).
The current study aimed to evaluate pain reduction with 
local PRP ultrasound-guided (US-guided) injections in 
patients with chronic PF and compare it with corticosteroid 
injection. In addition, to compare the effect of US guided 
injection of PRP with corticosteroid injection to treat chron-
ic PF cases. The level of pain for each patient was report-
ed by visual analogue scale (VAS) and its impact on quality 
of life were evaluated using the Manchester-Oxford Foot 
Questionnaire (MOxFQ).

PATIENTS AND METHODS

Studied population
The current single center prospective double-blind random-
ized clinical trial was carried out at outpatient clinic of Rheu-
matology Department. One hundred patients diagnosed as 
idiopathic PF based on the history and physical examination 
according to the clinical consensus statement of the Ameri-
can College of Foot and Ankle Surgeons (13) were involve. 
Two patients refused to sign the consent because of refus-
ing the idea of corticosteroid injection, 98 conducted the 
study. This research was approved by the Faculty of Medi-
cine Research Ethics Committee (FMREC), Minia Universi-
ty, Minia, Egypt (Approval no. 311-2022 ‒ Date of approval: 
March 27, 2022) and a written consent was obtained from 
all participants. 
Involved patients were randomly categorized into two 
groups. Group A included 51 patients and injected PRP. 
Group B included 47 patients and injected methylpred-
nisolone (MP) serving as a (diseased control group). All 
patients completed the study. Patients with a history of foot 
trauma, interventions to the heel, neurological complaints, 
foot arthritis, Achilles enthesitis, foot deformity, rheuma-
toid arthritis, spondyloarthropathies, gout, hematological 
diseases or endocrinal disorders like diabetes mellitus and 
thyroid dysfunction and pregnancy were excluded from 
the study.

Clinical assessment of the severity of 
plantar fasciitis
Clinical evaluation pre and post injection was done by the 
same rheumatologist, who were blinded to the type of injec-
tion. The severity of plantar fasciitis and its impact on qual-
ity of life were evaluated using the Manchester-Oxford Foot 
Questionnaire (MOxFQ) and the Visual Analogue Scale 
(VAS) (0-10 cm). MOxFQ is a 16-item Patient-Reported 
Outcome (PRO) measure designed and validated for use 
in clinical trials involving foot disorders and surgery. These 
self-administered PROs can be performed to measure how 
foot problems affect health-related quality of life (15).

Ultrasound evaluation
A radiology consultant performed ultrasound scans pre 
and post injection. Using a high-frequency linear probe and 
power Doppler ultrasound machine Siemens Acuson P300 
(10-18 MHz), Germany (16). The following parameters 
were identified: thickness, echogenicity, calcification, power 
Doppler signals, enthesophyte and cortical erosions. A MSUS 
EULAR certified rheumatologist with > 5 years of experi-
ence in musculoskeletal ultrasound proceeded the injection 
to all patients using the US-guided medial approach (17).
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Platelet-rich plasma preparation
PRP was produced through whole blood centrifugation 
using a specific methodology in a strict aseptic setting. Then, 
blood was collected and mixed with anticoagulant and citrate 
phosphate dextrose adenine in a 10:1 blood: anticoagulant 
ratio. The blood was centrifuged for 10 minutes at 1000 rpm. 
Afterward, the plasma was transferred to a new glass tube 
and centrifuged for 15 minutes at 3000 rpm. At the bottom of 
the tube, platelets will form a pellet. Finally, pure platelet-rich 
plasma was obtained at a concentration of up to four times 
higher than baseline. Prior to the injection, calcium gluconate 
was combined with PRP (0.3 ml Ca gluconate/ml PRP).

Study design and the injection procedure
Blood was drawn from all participants to ensure patients 
blindness to the study. The injection was given under strict 
aseptic precautions. The area to be injected was prepared 
with a 10% povidone-iodine scrub and alcohol. Patients 
in group A (the PRP group) were injected with 3 mL PRP, 
whereas patients in group B (the control group) were given 2 
ml (40 mg) MP with 1 ml of 2% lidocaine hydrochloride. All 
injection procedures were performed under continuous US 
imaging. A 22-gauge needle was introduced from the medial 
approach to reach the proximal insertion of the plantar fascia, 
and injection of the PRP or MP was given. Immediately after 
injection, the patients were observed for 30 minutes and 
discharged. They were advised to rest and avoid high-impact 
activities for the following three days. Subsequently, they can 
resume their ordinal activities. Patients were allowed to take 
paracetamol for pain after the injection. Additional treat-
ments such as a splint, oral non-steroidal anti-inflammato-
ry drugs, and any foot orthosis were not allowed during the 
study. Twelve weeks later, all patients were re-assessed clini-
cally and sonographically by the same investigator. 

Statistical analysis
Data entry and data analysis were done using SPSS version 25 
(Statistical Package for Social Science). Data were presented 
as number, percentage, mean, standard deviation. Chi-square 

test was used to compare between qualitative variables. Inde-
pendent sample t-test was used to compare quantitative vari-
ables between groups. Using paired t test to compare between 
numeric variables with follow-up in the same group. P-value 
considered statistically significant when p < 0.05.

RESULTS
Baseline clinical characteristics and assessment 
of the study population
A total of 98 patients with PF (54.1% males, 45.9 % 
females) were included in this study. The mean age was 45.1 
± 6.2 (32-58) years. The duration of illness ranged from 3-9 
months with a mean of 4.8 ± 1.4 months, and their BMI was 
24 ± 2.9 kg/m2.
Table I shows fifty-one PF patients, 25 males (49%) and 
26 females (51%), with a mean age of 44.9 ± 5.6, ranging 
between 33-58 years, and a mean disease duration of 4.6 ± 
1.3, 3-8 months. Their BMI was 23.7 ± 2.9, 18.6-30.1 kg/
m2. Patients in the control group were matching in terms 
of sex (28 males 59.6% and 19 females 40.4%), age (45.2 ± 
6.7, 32-58 years), disease duration (5 ± 1.5, 3-9 months) and 
BMI (24.4 ± 3, 17.6-29.6 kg/m2). 
At baseline assessment, no significant difference was detect-
ed between groups regarding VAS (p = 0.26), MOxFQ (p = 
0.2), duration of illness (p = 0.15).
Table II and figure 1 summarize the ultrasonography find-
ings in all patients at baseline. US evaluation; thickness (p 
= 0.07), calcifications (p = 0.2) and erosions (p = 0.7). All 
patient heels were hypoechoic (100%). No Doppler signal 
was detected from any of the examined heels. Upon follow-
up there was highly significant difference (p < 0.000) in 
Thickness, Echogenicity and Calcification, but there was 
non-significant different in follow-up in erosions.

Follow-up evaluation of the VAS and MOxFQ 
study patients 
As illustrated in table III and figure 2, after a 12-week 
follow-up, the PRP group demonstrated a significant reduc-

Table I. Demographic data and clinical data at baseline in study groups.

Item Group A PRP
n = 51

Group B MP
n = 47

P-value

Age, years 44.88 ± 5.64 (33.0-58.0) 45.23 ± 6.72 (32.0-58.0) 0.779

Sex, M:F 25 (49.0%):26 (51%) 28 (59.6%):19 (40.4%) 0.199

BMI, Kg/m2 23.73 ± 2.87 (18.8-30.1) 24.37 ± 2.98 (17.6-29.6) 0.283

Disease duration, months 4.62 ± 1.32 (3.0-8.0) 5.04 ± 1.53 (3.0-9.0) 0.154

VAS at baseline 8.16 ± 73 (7.0-9.0) 7.95 ± 0.99 (6.0-9.0) 0.260

MOxFQ at baseline 77.6 2 ± 9.0 (60.0-95.0) 75.21 ± 9.67 (60.0-90.0) 0.203
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Table III. Outcome data and at baseline and follow-up in study groups.

Item Group A PRP
n = 51

Group B MP
n = 47

P-value

VAS at baseline
VAS at follow-up
Change in VAS
% change

8.16 ± 73 (7.0-9.0)
4.02 ± 1.21*** (0.0-10.0)

4.13 ± 2.06
50.24%

7.95 ± 0.99 (6.0-9.0) 
5.14 ± 1.81** (1.0-7.0)

2.81 ± 1.74
35.35%

0.260
0.000***
0.001**

MOxFQ at baseline
MOxFQ at follow-up
Change in MOxFQ
% change

77.62 ± 9.0 (60.0-95.0)
25.11 ± 9.90*** (10.0-42.0)

52.50 ± 11.27
67.61%

75.21 ± 9.67 (60.0-90.0)
29.95 ± 11.50*** (10.0-56.0)

45.25 ± 15.75
59.33%

0.203
0.028*
0.02*

Table II. Ultrasound data and at baseline and follow-up in study groups.

Item Group A PRP
n = 51

Group B MP
n = 47

P-value

Thickness at baseline
Thickness at follow-up

8.27 ± 0.87 (7.0-12.0)
4.05 ± 0.44*** (3.0-5.0)

7.95 ± 0.87 (5.9-9.1)
6.47 ± 1.27** (3.5-8.0)

0.07
0.000***

Echogenicity at baseline
    Echogenicity at follow-up

51 (100%)
15 (19.4%)***

47 (100%)
38 (81.0%)

---
0.000***

Calcification at baseline
    Calcification at follow-up

25 (49.0%)
9 (17.6%)***

29 (61.7%)
27 (57.4%)

0.145
0.000***

Erosions at baseline
    Erosions at follow-up

3 (5.9%)
3 (5.9%)

2 (4.3%)
2 (4.3%)

0.539
0.539

Heel fat pad thickness mm 13.42 ± 3.74 (7.90-23.10) 14.30 ± 3.81 (7.80-23.50) 0.255

Figure 1. Ultrasound data at follow-up in study groups. 
% of cases in group A (PRP), Group B (MP) with ultrasound data “Echo-
genicity, Calcification & Erosions” with highly significant difference (p < 
0.000) between group A&B with each of Echogenicity, Calcification, on 
other side there was non-significant difference between group A and B with 
Erosion using Qui-square test.

Figure 2. VAS at baseline and follow-up in study groups. 
Mean value of VAS, Group A (MP), Group B (PRP) comparison between 
mean value of VAS at baseline and after follow-up in group A and B, with 
highly significant difference (p < 0.000) at follow-up “independent t-test”. 
In group A there was highly significant difference (p < 0.000) between 
baseline and follow-up, moderate significant difference (p < 0.001) in 
group B (MP) “Paired T-test”.
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Table IV. Change in thickness at baseline and follow-up in study groups.

Item Group A PRP
n = 51

Group BMP
n = 47

P-value

Thickness at baseline
≤ 4
> 4

0
51 (100%)

0
47 (100%)

--

Thickness at follow-up
≤ 4
> 4

32 (62.7%)
19 (37.3%)

5 (10.6%)
42 (89.4%)

0.000***

Figure 3. Correlation between thickness after 12 weeks and 
age in MP group. 
There was positive correlation between thickness after 12 weeks and age 
(r = 0.352, p < 0.015*).

Figure 4. Correlation between thickness after 12 weeks and 
BMI in MP group.
There was negative correlation between thickness after 12 weeks and BMI 
(r = -0.312, p < 0.03*).

Figure 5. Correlation between thickness after 12 weeks and 
duration of illness in MP group. 
There was negative correlation between thickness after 12 weeks and dura-
tion of illness (r = 0.464, p < 0.001**).

tion in the VAS with highly significant different (p = 0.000) 
and there was significant different in MOxFQ compared 
to the MP group with percentage change (50.24%) in PRP 
group vs 35.35% in MP group.
In table IV in PRP group, thickness ≤ 4 was 32 (62.7%) 
from 51 patients. In MP group there was 5 (10.6%) 
patients from 47 patients. With highly significant difference 
(p < 0.000).
In MP group there was negative correlation between PF 
thickness and BMI (r = -0.312, p < 0.03) and there was 
positive correlation between thickness with each of age 
and duration of illness, respectively (r = 0.352, p < 0.015; 
r = 0.464, p < 0.001) (figures 3-5). In PRP there was no 
correlation between thickness with each of BMI, duration 
of illness and age.
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DISCUSSION
The purpose of this randomized study was to examine the 
efficacy of PRP versus corticosteroid injections for treating 
chronic plantar fasciitis. For persistent recalcitrant plantar 
fasciitis that does not respond to non-operative treatment, 
there is no accepted standard of care management. Since 
plantar fasciitis is a degenerative condition, several experts 
think that PRP’s ability to promote regeneration may be 
helpful. A non-operative therapeutic option for a degen-
erative tendon disease may involve injecting concentrated 
autologous platelets.
In cases where conservative approaches fail to offer relief, 
injectable therapy has been proposed as a second line of 
treatment (6). They are believed to lessen inflammation and 
pain, which will improve functionality. Infection, atrophy of 
the fat pad, and in some cases even rupture of the plantar 
fascia have all been linked to the mainstay of this treatment, 
steroid injections (18).
Plantar fasciitis was previously thought to be purely an 
inflammatory condition; however, recent evidence suggests 
primarily a degenerative pathology (1). This degeneration 
of the plantar fascia is thought to be because of microtears, 
which in turn contribute to recurrent inflammation, further 
microtears, and a cycle of degenerative inflammation. Histo-
logically, plantar fasciitis demonstrates myxoid degenera-
tion, disorientation of collagen fibers, and collagen necrosis 
similar to tendinopathy (19).
While both PRP and CS can decrease inflammation, PRP 
may be advantageous over CS as it may modulate the plan-
tar fascia degeneration because of its biological regenerative 
properties. PRP contains an abundance of growth factors 
and bioactive cytokines, which are believed to influence 
healing by augmenting cellular migration, improving cellu-
lar proliferation, promoting angiogenesis, and increasing 
matrix deposition (20).
This results in increasing fiber organization and tensile 
strength in soft tissue (21). PRP also releases vascular endo-
thelial growth factor, which promotes angiogenesis and may 
facilitate healing of degenerative condition by improving 
neovascularization and repair. By contrast, CS has no such 
regenerative capacity, and consequently its effect will be 
solely in reducing inflammation and thus is short-lived (22).
A research concluded that patients with plantar fasciitis 
have thicker plantar fascia than those without heel discom-
fort. In plantar fasciitis, the appearance of the plantar fascia 
on ultrasonic examination revealed inflammatory alter-
ations (23) while another research adds to our understanding 
of functional stability in the medial column of the foot (24).
The current study used US-guided injection. There is 
evidence that US-guided plantar fascia injection can help 
with a reduction in plantar fascia thickness and pain; also, 

there was no evidence of the rupture in plantar fascia at 
follow-up ultrasound examination; therefore, in some stud-
ies US-guided injection is suggested (25). 
While there are many studies in which PRP injection to treat 
chronic PF is beneficial, it is a controversial issue. Aksahin 
et al. (26) in their prospective, randomized controlled trial 
compared corticosteroid and PRP injections to treat PF 
reported that both methods impressively treated PF.
Our finding in study investigation with ultrasound there 
was improvement in ultrasonography parameters in group 
A PRP than group B Methylprednisolone with highly signif-
icant difference (p < 0.000). This agrees with Homayouni 
et al. (27) who reported the current study used US-guided 
injection. There is evidence that US-guided plantar fascia 
injection can help with a reduction in plantar fascia thick-
ness and pain.
Our findings suggest that PRP was associated with great-
er improvement in VAS score. More percent change in 
VAS score in PRP group than steroid group with moder-
ate significance (p < 0.001) was observed, and resulted in 
superior score at 3 months compared to steroid injection. 
Aksahin et al. (26), Jain et al. (28) and some other studies 
observed entirely different results. In the study of Shetty et 
al. (29), the authors compared the efficacy of corticosteroid 
injection (30 patients) with PRP injection (30 patients).
At the 3-month follow-up, the post-injection measure 
outcomes were significantly improved in both groups. In 
addition, these results were much better in the PRP group 
than that in the steroid group. Similarly, Say et al. (30) 
compared the effects of PRP and steroid in patients with 
plantar fasciitis. The authors assessed 50 patients divided 
among each group.
PRP had a larger change in MOxFQ and VAS scores than 
that in the steroid group, both at 3 months. Concerning the 
long-term effect of PRP, our results suggested that PRP was 
associated with greater changes in VAS and MOxFQ scores 
compared to local steroid injections at 3 months. Likewise, in 
the study of Monto (31), difference in AOFAS and VAS score 
between the PRP and steroid groups was clinically significant 
at the 12- and 24-month follow-up evaluations (p < 0.001).
According to our research, the PRP group experienced a 
50% improved decrease in VAS score over the follow-up 
period compared to the MP group’s 35.35%. This is consis-
tent with Peerbooms et al. (9), who observed that more 
patients in the PRP group (84.8%) demonstrated at least a 
25% improvement in pain score between the baseline and 
the 1-year follow-up than in the control group (55.6%). Our 
results in this study, which showed a reduction in pain and 
disability following a PRP injection, were well compared 
with other published studies on the treatment of plantar 
fasciitis (32).



132 Muscles, Ligaments and Tendons Journal 2023;13 (1)

Platelet Rich Plasma in Plantar Fasciitis

In our results there was improvement of thickness after 
follow-up ≤ 4 in PRP into (62.5%) vs (10.6%) in MP group 
with highly significant difference (p < 0.000). This agrees 
with Perez, et al. (33). Studies have shown a significant 
reduction in plantar fascia thickness after PRP injection. 
Plantar fascia thickness in both the PRP group and cortico-
steroid group were comparable prior to injection. Howev-
er, at six months follow-up, the PRP group had a signifi-
cant reduction (35.45%) in the thickness of plantar fascia 
compared to corticosteroid group (29.16%). The difference 
between the two groups was statistically significant (33). 
The increase of the plantar fascia thickness is in positive 
correlation to the clinical outcome (34). In our study there 
was positive correlation between PF thickness and pain 
score “VAS” after 12 weeks of treatment in MP treatment. 
This agree with Lai et al. (35) who reported there was posi-
tively correlated with the decrease of VAS score at 12th week 
follow-up. Also, our results indicate that functional recovery 
(in terms of MOxFQ scores) is not correlated with base-
line fascial thickness, nor with the degree of fascial thinning 
after treatment, regardless of treatment modality (36).
From regression analysis there was significant relation 
between age, BMI, and duration of illness with decrease 
thickness in follow-up in MP group. On other side there 
was no relation between age, BMI and duration of illness 
with thickness at follow-up in PRP group that became more 
advanced in using PRP which give more chance in using. 
Moreover, our study was in concordance with Vahdatpour 
et al. (37) who stated that PRP has more efficacies over the 
local steroid injection treatment. Also Jiménez-Pérez et al. 
(38) reported Injections of PRP is a safe, more efficient and 
long-lasting method than that of corticoid injections. Injec-
tions of PRP produce a significant clinical improvement that 
is maintained in time and MRI and US have proven useful in 
assessing the response of plantar fascia injuries to non-oper-
ative treatments.
Without any notable local or systemic side effects, all trial 
participants tolerated the local PRP injection. The study’s 
limitations were a limited sample population and a brief 
follow-up period. RCT with a bigger research population 

and a longer follow-up will be beneficial in better under-
standing the long-term advantages and efficacy of the PRP 
injection in the management of persistent plantar fasciitis, 
which will help to address the limitations of this study.

CONCLUSIONS
The results of this study indicate that short-term improve-
ments in VAS scores for heel pain, functional outcome 
scores, and restoration of plantar fascia thickness in patients 
with chronic plantar fasciitis showed clinically and statisti-
cally significant improvements. This was supported by US 
measurements. According to the study, local PRP injection 
is an efficient and safe treatment for chronic plantar fasci-
itis. Our study expands on the previous studies to provide 
a better evidence for superiority of PRP over local injection 
of steroid in plantar fasciitis, and the authors conclude that 
PRP provides better pain relief and function as compared 
to steroid injection.

FUNDINGS
None.

DATA AVAILABILITY
Data are available under reasonable request to the corre-
sponding author.

CONTRIBUTIONS
AEH, SAS, SR: study trial performance. AEH, SAS: data 
analyses. MAA: patients’ PRP samples preparation. AEH, 
FMI, SAS: study design, data review. AEH, SAS: manu-
script writing. All authors reviewed the manuscript and 
concurred with the findings.

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests.

REFERENCES
1. Hohmann E, Tetsworth K, Glatt V. Platelet-Rich Plasma 

versus Corticosteroids for the Treatment of Plantar Fasciitis: 
A Systematic Review and Meta-analysis. Am J of Sports Med. 
2021;49(5):1381–93. doi: 10.1177/0363546520937293.

2. Shetty SH, Dhond A, Arora M, Deore S. Platelet-rich plasma 
has better long-term results than corticosteroids or placebo for 
chronic plantar fasciitis: randomized controlled trial. J Foot 
Ankle Surg. 2019;58(1):42-6. doi: 10.1053/j.jfas.2018.07.006.

3. Parafioriti A, Armiraglio E, Del Bianco S, Tibalt E, Oliva F, 
Berardi AC. Single injection of platelet-rich plasma in a rat 
Achilles tendon tear model. Muscles Ligaments Tendons J. 
2011;1(2):41-7. Available at: https://www.ncbi.nlm.nih.gov/
pmc/articles/pmid/23738245/.

4. Le ADK, Enweze L, DeBaun MR, Dragoo JL. Current Clinical 
Recommendations for Use of Platelet-Rich Plasma. Curr Rev 
Musculoskelet Med. 2018;11(4):624-34.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3666471/


133Muscles, Ligaments and Tendons Journal 2023;13 (1)

Ahmed e. hAfez, fAten m. IsmAIl, mohAmed A. AbdelhAkeem, Et Al.

5. Ling Y, Wang S. Effects of platelet-rich plasma in the treatment 
of plantar fasciitis. A meta-analysis of randomized controlled 
trial. Medicine (Baltimore). 2018;97(37):12110. doi: 10.1097/
MD.0000000000012110.

6. Khurana A, Dhankhar V, Goel N, Gupta R, Goyal A. Compar-
ison of midterm results of Platelet Rich Plasma (PRP) versus 
Steroid for plantar fasciitis: A randomized control trial of 118 
patients. J Clin Orthop Trauma. 2021;13:9-14. doi: 10.1016/j.
jcot.2020.09.002.

7. Moshrif A, Elwan M. The Effect of Addition of Buffered 
Dextrose 5% Solution on Pain Occurring During Local Steroid 
Injection for Treatment of Plantar Fasciitis: A Randomized 
Controlled Trial. Muscles Ligaments Tendons J. 2019;9(4):525-
30. doi: 10.32098/mltj.04.2019.06.

8. Monteagudo M, Maceira E, Garcia-Virto V, Canosa R. Chronic 
plantar fasciitis: Plantar fasciotomy versus gastrocnemius reces-
sion. Int Orthop. 2013;37(9):1845-50. doi: 10.1007/s00264-
013-2022-2.

9. Peerbooms JC, Lodder P, Den Oudsten BL, Doorgeest K, 
Schuller HM, Gosens T. Positive Effect of Platelet-Rich 
Plasma on Pain in Plantar Fasciitis: A Double-Blind Multi-
center Randomized Controlled Trial. Am J Sports Med. 
2019;47(13):3238-46. doi: 10.1177/0363546519877181.

10. Coffman CJ, Edelman D, Woolson RF. To condition or not 
condition? Analysing ‘‘change’’ in longitudinal randomised 
controlled trials. BMJ Open. 2016;6(12):013096. doi: 10.1136/
bmjopen-2016-013096.

11. Gonnade N, Bajpayee A, Elhence A, et al. Regenerative effica-
cy of therapeutic quality platelet-rich plasma injections versus 
phonophoresis with kinesiotaping for the treatment of chronic 
plantar fasciitis: a prospective randomized pilot study. Asian J 
Transfus Sci. 2018;12(2):105-11. doi: 10.4103/ajts.AJTS_48_17.

12. Kalia RB, Singh V, Chowdhur N, Jain A, Singh SK, Das L. Role 
of Platelet Rich Plasma in Chronic Plantar Fasciitis: A Prospec-
tive Study. Indian J Orthop. 2021;55(1):142–48. doi: 10.1007/
s43465-020-00261-w.

13. Gupta R, Malhotra A, Masih G, et al. Comparing the role of 
different treatment modalities for plantar fasciitis: a double blind 
randomized controlled trial. Indian J Orthop. 2020;54(1):31-7. 
doi: 10.1007/s43465-019-00038-w.

14. Kanda Y.  Investigation of the freely available easy-to-use soft-
ware ‘EZR’ for medical statistics. Bone Marrow Transplant. 
2013; 48(3):452–58. doi: 10.1038/bmt.2012.244.

15. Schneider HP, Bacca JM, Carpenter BB, Dayton PD, Fleish-
er AE, Sachs BD. American College of Foot and Ankle 
Surgeons Clinical Consensus Statement: Diagnosis and Treat-
ment of Adult Acquired Infracalcaneal Heel Pain. J Foot Surg. 
2018;57(2):370-81. doi: 10.1053/j.jfas.2017.10.018.

16. Morley D, Jenkinson C, Doll H, et al. The Manchester–Oxford 
Foot Questionnaire (MOXFQ) development and validation of 
a summary index score. Bone Joint Res. 2013;2(4):66-9. doi: 
10.1302/2046-3758.24.2000147.

17. Tom S, Zhong Y, Cook R, Aydin SZ, Kaeley G, Eder L. Devel-
opment of a preliminary ultrasonographic enthesitis score in 
psoriatic arthritis—GRAPPA Ultrasound Working Group. J 
Rheumatol 2019;46(4):384-90. doi: 10.3899/jrheum.171465.

18. D’Agostino MA, Schmidt WA. Ultrasound-guided injections 
in rheumatology: actual knowledge on efficacy and proce-

dures. Best Pract Res Clin Rheumatol. 2013;27(2):283-94. doi: 
10.1016/j.berh.2013.04.001.

19. Kirkland P, Beeson P. Use of primary corticosteroid injection in 
the management of plantar fasciopathy: is it time to challenge 
existing practice? J Am Podiatr Med Assoc. 2013;103(5):418–
29. doi: 10.7547/1030418.

20. Hurly ET, Shimozonz Y, Hannon CP, Smyth NA, Murawski CD, 
Kennedy JG. Platelet-Rich Plasma Versus Corticosteroids for 
Plantar Fasciitis: A Systematic Review of Randomized Controlled 
Trials. Orthop J Sports Med. 2020;8(4):2325967120915704. 
doi: 10.1177/0363546520937293.

21. Amin I, Gellhorn AC. Platelet-rich plasma use in musculoskel-
etal disorders: are the factors important in standardization well 
understood? Phys Med Rehabil Clin N Am. 2019;30(2):439-
49. doi: 10.1016/j.pmr.2018.12.005.

22. Higgins JPT, Green S (editors). Cochrane Handbook for 
Systematic Reviews of Interventions Version 5.1.0 (updated 
March 2011): pp. 45-52.

23. Vellingiri K, Nagakumar JS, Manohar PV, Lourdu JP, Sury-
anarayana MSA. A Prospective Study Comparing the Efficacy 
of Local Injection of Platelet-Rich Plasma (PRP) vs Methyl-
prednisolone in Plantar Fasciitis. Cureus. 2022;14(5):e25523. 
doi: 10.7759/cureus.25523.

24. Soraganvi P, Nagakiran KV, Raghavendra-Raju RP, et al. Is 
platelet-rich plasma injection more effective than steroid injec-
tion in the treatment of chronic plantar fasciitis in achiev-
ing long-term relief?. Malays Orthop J. 2019;13(3):8-14. doi: 
10.5704/MOJ.1911.002.

25. Hosny N, Goubran F, Hasan BB, Kamel N. Assessment of 
vascular endothelial growth factor in fresh versus frozen plate-
let rich plasma. J Blood Transfus. 2015;2015:706903. doi: 
10.1155/2015/706903.

26. Akşahin E, Doğruyol D, Yüksel HY, et al. The comparison of 
the effect of corticosteroids and platelet-rich plasma (PRP) for 
the treatment of plantar fasciitis. Arch Orthop Trauma Surg. 
2012;132(6):781-5. doi: 10.1007/s00402-012-1488-5.

27. Homayouni K, Karimian H, Golkar HR, Jalalati N. Treatment 
of Chronic Plantar Fasciitis with Ultrasound-Guided Injection 
of Platelets Rich Plasma. J Arch Mil Med. 2016;4(4):42332. 
doi: 10.5812/jamm.42332.

28. Jain K, Murphy PN, Clough TM. Platelet rich plasma versus 
corticosteroid injection for plantar fasciitis: a comparative study. 
Foot. 2015;25(4):235-37. doi: 10.1016/j.foot.2015.08.006.

29. Shetty VD, Dhillon M, Hegde C, Jagtap P, Shetty S. A study 
to compare the efficacy of corticosteroid therapy with plate-
let-rich plasma therapy in recalcitrant plantar fasciitis: A 
preliminary report. Foot Ankle Surg. 2014;20(1):10–13. doi: 
10.1016/j.fas.2013.08.002.

30. Say F, Gürler D, İnkaya E, Bülbül M. Comparison of plate-
let-rich plasma and steroid injection in the treatment of plantar 
fasciitis. Acta Orthop Traumatol Turc. 2014;48(6):667–72. doi: 
10.3944/AOTT.2014.13.0142.

31. Monto RR. Platelet-rich plasma efficacy versus corti-
costeroid injection treatment for chronic severe plan-
tar fasciitis. Foot Ankle Int. 2014;35(4):313–18. doi: 
10.1177/1071100713519778.

32. Speed CA, Nichols D, Wies J, et al. Extracorporeal shock 
wave therapy for plantar fasciitis. A double blind randomised 



134 Muscles, Ligaments and Tendons Journal 2023;13 (1)

Platelet Rich Plasma in Plantar Fasciitis

controlled trial. J Orthop Res. 2003;21(5):937-40. doi: 10.1016/
S0736-0266(03)00048-2.

33. Perez AGM, Lana JFSD, Rodrigues AA, Luzo ACM, Belan-
gero WD, Santana MHA. Relevant Aspects of Centrifugation 
Step in the Preparation of Platelet-Rich Plasma. ISRN Hema-
tol. 2014;176060:8. doi: 10.1155/2014/176060.

34. Ragab EM, Othman AM. Platelets rich plasma for treat-
ment of chronic plantar fasciitis. Arch Orthop Trauma Surg. 
2012;132(8):1065-70. doi: 10.1007/s00402-012-1505-8.

35. Lai TW, Ma HL, Lee MS, Chen PM, Ku MC. Ultrasonogra-
phy and clinical outcome comparison of extracorporeal shock 
wave therapy and corticosteroid injections for chronic plan-
tar fasciitis: A randomized controlled trial. J Musculoskelet 
Neuronal Interact. 2018;18(1):47-54. Available at: http://www.
ismni.org/jmni/pdf/71/jmni_18_047.pdf.

36. Ermutlu C, Aksakal M, Gümüştaş A, Özkaya G, Koval-
ak E, Özkan Y. Thickness of plantar fascia is not predictive 
of functional outcome in plantar fasciitis treatment. Acta 
Orthop Traumatol Turc. 2018;52(6):442-46. doi: 10.1016/j.
aott.2018.01.002.

37. Vahdatpour B, Kianimehr L, Ahrar MH. Autologous plate-
let-rich plasma compared with whole blood for the treatment 
of chronic plantar fasciitis; a comparative clinical trial. Adv 
Biomed Res. 2016;5:84. doi: 10.4103/2277-9175.182215.

38. Jiménez-Pérez AE, Gonzalez-Arabio D, Diaz AS, Maderuelo 
JA, Ramos-Pascua LR. Clinical and imaging effects of cortico-
steroids and platelet-rich plasma for the treatment of chron-
ic plantar fasciitis: A comparative non randomized prospec-
tive study. Foot Ankle Surg. 2019;25(3):354-60. doi: 10.1016/j.
fas.2018.01.005.

https://www.ismni.org/jmni/pdf/71/jmni_18_047.pdf


O R I G I N A L  A R T I C L E Nr 2023;13 (1):135-144

135

SUMMARY
Background. Acute traumatic subtalar dislocations often present to the emergency 
with a wide range of variety with respect to the mechanism of injury, clinical presenta-
tion and associated fractures around the foot and ankle. The nature of instability and 
irreducible primary subtalar dislocation, makes their management, challenging. 
Methods. Here we present five consecutive male patients with the mean age of 24 years 
(18-35 years). Four patients presented with medial subtalar dislocation and one patient 
had lateral subtalar dislocation. All the patients except one, had fractures around the 
foot and ankle. The fracture dislocations in this study were closed type.
Results. Two patients underwent closed reduction under sedation in emergency and 
three had to undergo open reduction in operating room under the appropriate anes-
thesia as an emergency procedure. The mean follow-up period was two years. The 
mean American Orthopaedic Foot and Ankle Society (AOFAS) score was 82.4 out of 
100 (ranging from 82 to 97). It was observed that the patients who undergone open 
reduction, had lower AOFAS score in comparison to the stable closed reduction. Two 
patients had radiological evidence of subtalar arthritis in the open reduction group, 
but they were clinically asymptomatic in the latest follow up.
Conclusions. Closed subtalar joint dislocation, managed with early closed reduction 
showed better prognosis in comparison to patients, who presented late and underwent 
open reduction. However, the overall functional outcome depends on the other associ-
ated fractures of the bones of the foot and its complexity. The limitations of our study 
include the small number of patients and a shorter follow-up time of two years. 
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BACKGROUND 
Subtalar dislocations are rare traumatic injuries, which 
consists of dislocations of talocalcaneal and talonavicu-
lar joints, having an incidence rate of 1% (1). These can 
be resulted commonly from the high energy injuries such 
as motor vehicle accidents, as well as from a low energy 
sporting activity. They can present as pure dislocations or 

more commonly as fracture dislocations around the foot 
and ankle. The injuries can be classified, depending on 
the direction of foot with respect to the ankle as medial, 
lateral, posterior and anterior dislocations. Among them, 
medial direction is the commonest type. The lateral disloca-
tion usually occurs due to high-energy trauma and is often 
associated with other injuries. These patients require open 
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reduction as the closed reduction can be usually unsuc-
cessful (2). In all the types of dislocations, the talonavic-
ular joint gets dislocated first, followed by the talocalca-
neal joint. 
The classification of the dislocation of subtalar joint is 
represented in table I, and figure 1 shows the schematic 
representation of the traumatic lesions (3-7), which are 
associated with the subtalar joint dislocation. These rare 
and complex injuries demand the clinician, to have a high 
degree of suspicion to make the appropriate diagnosis. 
The local examination should include the assessment of 
neurovascular structures (8). They are usually managed as 
urgent procedures in the orthopaedic emergency depart-
ment, under the sedation. The reduction of the subtalar 
joint will be achieved first followed by the assessment of 
reduction by radiographs and computed tomography (CT). 
This will confirm about both the reduction of dislocation 
as well as the occult fractures around the foot and ankle. 
However, if the closed reduction fails or the joint noticed 
to be unstable, open reduction with or without stabiliza-
tion should be planned as an emergency procedure. In the 
literature review, there are several retrospective studies 

available, however the prospective studies were only two 
in number (9, 10). In this study, we present a prospective 
series of subtalar dislocations, which were presented to us 
with varying mechanisms of injuries and clinical features 
including the delayed presentation. The objective was to 
adapt a case specific management strategy, unlike a blanket 
treatment for subtalar dislocations.

MATERIALS AND METHODS 
The present prospective study included five young male 
patients (n = 5) of closed subtalar dislocation, who were 
managed in the orthopedic and traumatology depart-
ment of our institution. The right foot was involved in 
three patients and left foot in the remaining two of them. 
The mean age of the patients was 24 years. Among them, 
two were university students, who presented with pain 
and deformity following the twisting injury during the 
sport activity (basketball and badminton games). Specif-
ically, the ankles were buckled, while jumping and land-
ing, which resulted in subtalar dislocation. Both of these 
patients were presented to us with in an hour of the injury. 
The other three patients, had high velocity injury due to 
two wheeler motor vehicle accidents. One among them, 
presented with a delay of 24 hours following the accident. 
All these cases were closed dislocations and none of them 
had any neurovascular involvement. There was no histo-
ry of any previous trauma, systemic illness or congenital 
anomalies in the involved limb. In the present study, all the 
five patients were assessed regularly at the 6, 9, 12, 18 and 
24 months follow up. The present study has the approv-
al of institutional Ethics Committee of Kasturba Medical 
College and Kasturba Hospital, Manipal on August 08, 
2020 (protocol number IEC 379/2020) and it is in accor-
dance with the international ethical standards as per the 
guidelines of declaration of Helsinki (11).

Table I. Classification and mechanism of injury of subtalar joint dislocation.

Position of the dislocated foot 
with respect to talus

Mechanism of injury  

1. Medial (75%) Low energy injury High energy injury
2. Lateral (17-25%) 1. Sports related injury around ankle 1. Motor vehicle accidents

3. Posterior (0-2.5%) 2. Twisting/tripping of ankle 2. Fall from height

4. Anterior (0-1%) 3. Jumping and landing on the supinated foot  

Clinical features  

Obvious deformity Deformity may be masked due to multiple 
injury mechanism

  Closed fracture dislocation Open/closed fracture dislocation

Figure 1. Schematic representation of the traumatic lesions, 
which are associated with the subtalar joint dislocation.
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RESULTS

Patient 1
A 25-years-old student presented to the orthopedic emer-
gency unit, following a twisting injury of the right ankle while 
playing the basketball game. He was carried by his mates as 
he was unable to bear the weight on his right lower limb. 
On clinical examination, there was a presence of deformity 
at the ankle and foot, which was identical to the deformity 
(figure 2A), typically described in the literature as “acquired 
club foot” (12-14). The distal pulsations were palpable 
and the sensations in the toes were intact and comparable 
with the contralateral limb. The plain radiographs of foot 
and ankle, confirmed the medial subtalar dislocation and 
the 5th metatarsal tuberosity fracture (figure 2B,C). As an 
urgent procedure, closed reduction was performed under 
the sedation with muscle relaxant, by flexing the knee to 
relax the gastrocnemius. The traction was given manually at 
the foot, which was held in plantar flexed position, by using 
the flexed knee as a counter traction. Firm, pointed, digital 
pressure was applied at the head of talus for few seconds, 
which resulted in reduction with an audible clunk. Clinical-
ly, there was sudden relief of the pain along with the passive 
painless free movements at the ankle and subtalar joints. 
This confirmed the reduction of the subtalar joint.
The CT scan of the foot and ankle was performed to know 
more details about the existing fifth metatarsal fracture and 
also to rule out other coexisting occult fractures. Once the 
isolated undisplaced fracture of fifth metatarsal tuberosity 
was confirmed, it was decided to proceed with the conser-
vative management. This included below knee plaster slab 
immobilization with ankle and foot in plantigrade position 
as first stage, followed by absolute non-weight-bearing for a 

period of 2 weeks. At 2 weeks follow up, a check radiograph 
was taken to reconfirm the reduced position of the fracture. 
The immobilization was continued in a CAM (continuous 
ankle movement) boot for 2 more weeks. By the end of 
total 4 weeks of immobilization, the ankle movement was 
allowed, however the inversion and eversion at the subta-
lar joint were restricted. The patient was reviewed again at 
six weeks, at this point, partial weight-bearing was advised. 
Full weight bearing over the next 6 weeks was allowed in a 
progressive manner. At 12 weeks, the patient was sent for 
sport rehabilitation and by the 16 weeks, he was allowed to 
take part actively in sports.

Patient 2
A 19-year old boy presented with pain and deformity in 
his right ankle following the buckling of ankle, while land-
ing after a jump during a badminton game. He was carried 
immediately to the emergency department, as he was not 
able to walk. The standard plain radiographs of foot and 
ankle revealed “medial subtalar dislocation”. The CT scan 
was performed to rule out the fractures around the foot and 
ankle. Closed reduction under the sedation was carried out 
as an urgent procedure in emergency, with the same reduc-
tion technique as described in the case 1. The subtalar joint 
was reduced clinically with a “clunk”, which was confirmed 
with the post reduction radiographs, which ruled out the 
fractures around the foot and ankle. The right lower limb 
immobilization was done with below-knee plaster slab and 
non-weight bearing was advised with a walking aid. Howev-
er, the patient returned to us in about a week’s time with the 
complaint of pain in the foot. The plaster slab was opened 
and examined to find the tenderness around the talo-navic-
ular joint. Repeat plain x ray, magnetic resonance imaging 
(MRI) and relevant CT cuts of ankle and foot were taken. 
The MRI revealed an undisplaced fracture of the head of 
talus, which was extending into the talo-navicular joint 
(figure 3). After a detailed discussion with the patient, the 
conservative management was considered unanimously 
in view of the undisplaced nature of the head of the talus 
fracture. But it was decided to have a close watch in the 
subsequent follow ups, because of the talo-navicular joint 
involvement. The limb was immobilized in a plaster slab for 
2 more weeks and at the end of the 3 weeks, the patient 
was reviewed with check radiographs, which confirmed the 
healing of fracture without the displacement.
At this third week review, the CAM boot immobilization 
was opted, in view of promoting the active mobilization of 
the ankle. When the case was again reviewed at the end 
of 6 weeks from the day of trauma, the patient was symp-
tomless, and the radiographs showed healing of fracture. 
Hence it was decided to start partial weight bearing within 

Figure 2. (A) Showing the clinical deformity of acute subtalar 
dislocation in early presentation, (B) AP view, (C) Lateral view, 
plane radiographs showing the subtalar medial dislocation 
with the fifth metatarsal tuberosity fracture (patient 1).
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the CAM boot, with a walking aid for 6 more weeks. On 
subsequent reviews, it was decided to gradually progress to 
full weight bearing. At 3 months follow up, the patient was 
made to walk without support in the normal shoes, since 
the check plain radiographs showed the healing of fracture. 
Later, this patient was sent for the sports rehabilitation for 
4 weeks’ duration, before allowing him to indulge in the 
active sports.

Patient 3
A 30-year-old business representative was present-
ed to the orthopedic emergency after one day (24 hours 
delayed), following a motor vehicle accident, while riding 
a two-wheeler. Soon following the accident, he was taken 
to the local hospital where he received first aid and was 
put on a below knee plaster of Paris slab. When he was 
not relieved with the pain in the left ankle and foot, he 
visited our hospital. The patient was not able to bear the 
weight and walk in his injured left foot, when he visited our 
department. On clinical examination, the left ankle and 
foot were swollen diffusely (figure 4A), which was mask-
ing the deformity. However, there was a subtle inversion at 
this foot in comparison to the contralateral foot. The distal 
neurovascular status of the limb remained intact, which 
was confirmed by the arterial Doppler. The radiographs of 
foot and ankle with relevant views and CT scan revealed 

medial subtalar dislocation, without the associated frac-
tures around the foot and ankle. As an urgent proce-
dure, a single attempt of closed reduction was performed 
in the emergency department under sedation, which was 
unsuccessful. Under tourniquet control, the open reduc-
tion under spinal anesthesia was carried out. The talus was 
surgically exposed through a sub-fibular approach extend-
ing on to a dorsolateral side. The talus head was observed 
to be held entrapped by extensor retinaculum and pero-
neal sheath with its tendons (figure 4B). The peroneal 
tendon sheath and the extensor retinaculum were incised 
to release the talus. The reduction attempted at this point 
could not be achieved. Hence the talus was approached 
from the medial side with a medial malleolar osteotomy. At 
this time by manipulation on the lateral and medial side, 
the subtalar joint reduction was achieved. But the reduc-
tion achieved was found to be unstable at the subtalar 
joint, hence the subtalar joint was held in stable reduction 
with a trans-articular 4 mm Steinmann pin. The wounds 
were closed in layers. Special care was taken to suture the 
peroneal sheath and extensor retinaculum. The limb was 
immobilized in a below-knee plaster slab by incorporating 
the Steinmann pin. The vascular sufficiency was confirmed 
after deflating the tourniquet. The suture removal of the 
surgical wounds was performed at 14th postoperative day 
and trans-articular pin was removed after 3 weeks post-
operatively. Absolute non-weight bearing on the affected 
limb was continued for 16 weeks in an ankle foot ortho-
sis. However, active range of movement (ROM) was initi-
ated by 12 weeks. At 16 weeks, partial weight bearing was 
allowed with a waking aid, and at 20 weeks, full weight 
bearing was allowed with the normal footwear. Patient was 
advised to perform eccentric Achilles stretching with glob-
al ankle strengthening exercises with the physiotherapist’s 
supervision. This patient returned to his day to day activity 
by 5 months.

Figure 3. MRI (axial section) fat suppression sequence show-
ing an un-displaced fracture of the talar head (patient 2).

Figure 4. (A) Diffuse swelling masking the deformity in 
delayed presentation (patient 3), (B) Showing the entrapment 
of the talar head by peroneal sheath with tendons (a) and 
inferior extensor retinaculum (b).
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Patient 4
A 35-year-old professional was presented to the orthope-
dic emergency, after 6 hours following a two-wheeler motor 
accident, with chief complaints of intolerable pain in the 
right ankle and foot with inability to move the ankle and 
walk. On clinical examination, there was fullness around the 
ankle and foot, without any obvious deformity. There was 
no distal neurovascular deficit, and the patient was subject-
ed to routine investigations in the form of plain radiographs 
with relevant views and a CT scan of the foot and ankle. 
They showed medial subtalar dislocation, accompanied by 
the fracture of sustentaculum tali of calcaneum (figure 5A) 
and navicular bone fracture (figure 5B). A single attempt of 
closed reduction was performed under sedation as an urgent 
basis. However, this was failed, hence an open reduction and 
internal fixation of fracture dislocation was planned as an 
emergency procedure. Under tourniquet control, a medial 
incision was made (figure 6A), extending 4 cm both proxi-
mally and distally from the medial malleolus, exposing the 
talus bone. A 2 mm Schanz pin was used as a joystick, to aid 
the achievement of the reduction. Thus reduced joint was 
stable at the subtalar joint (figure 6B), but it was found to 
be unstable at the talonavicular joint with dorsal sublux-
ation. Hence, a “bridge plate” (figure 6C) was planned across 
the medial column of the foot to maintain the length of the 
column in view of the crushed and comminuted fracture of 
the navicular bone. A 1/3rd tubular plate was used as a bridge 
plate, extending across the talo-navicular and naviculo-cune-
iform joint. Once the talonavicular joint was stable, the frac-
tured sustentaculum tali was approached through the same 
incision, by developing a plane between the tibialis posterior 
tendon and neurovascular bundle. The fracture was identified 
and held reduced temporarily with a 2 mm diameter Kirshner 
wire (K-wire), with the guidance of image intensifier. Thus 
reduced fracture was fixed with the two headless cannulated 
screws of 3 mm size. The wound was closed in layers. The 
skin suture was removed on 14th post-operative day. The limb 
was kept immobilized in a below knee plaster slab.
Post operatively, non-weight bearing immobilization in 
CAM boot was continued till 12 weeks. However, the active 
range of motion (ROM) exercises were started after 6 weeks 
following a check radiograph confirming the stability and 
healing of fractures. By 16 weeks, partial weight bearing was 
advised within the CAM boot to progress to full weight bear-
ing by 20 weeks. Later, global ankle strengthening exercis-
es were started under supervision (figure 7). After confirm-
ing the fracture healing at 20 weeks, by radiographs and CT 
scans, the medial bridge plate was removed. Then the patient 
was allowed full weight bearing, immediately. The surgical 
stab wounds of plate removal were healed uneventfully. 

Figure 5. (A) Coronal section showing the sustentaculum tali 
fracture, (B) CT scan sagittal section showing subtalar disloca-
tion and navicular fracture with plantar comminution (patient 4).

Figure 6. Fixation of subtalar dislocation with accompanying 
sustentaculum tali fracture by using headless screws.
(A) Surgical plane developed between the tibialis posterior tendon and 
neurovascular bundle through a posterior medial approach before insert-
ing the implant, (B) Intraoperative imaging confirming the reduction, (C) 
Post-operative  lateral view ankle and foot radiograph showing the bridge 
plate for the medial column, stabilizing the unstable subtalar joint and 
implant, which stabilized the sustentaculum tali fracture (patient 4).

Figure 7. Follow up of patient 4 at 24 months. 
(A) Active dorsiflexion 0-30 degrees comparable to the contralateral ankle, (B) 
Active plantar flexion 0-20 degrees, 20 degrees less than the contralateral limb.
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Patient 5
An 18-year-old electrician, met with a two wheeler motor 
vehicle accident and rushed to the orthopedic emergen-
cy within an hour with a deformity at the left ankle (figure 
8A). There were multiple abrasions around the medial and 
dorso-medial aspect of the ankle with tenting of skin over 
the talonavicular joint. On examination, neurovascular 
status was found to be normal. Further investigation with 
plain radiographs (figure 8B) revealed lateral subtalar dislo-
cation. There was lateral malleolar avulsion fracture, which 
was clearly seen in the post reduction CT scan (figure 8C). 
This was associated with the fracture of the posterior process 
of talus (figure 8D). A single attempt of closed reduction of 
the subtalar dislocation under sedation was performed and 
it was failed. Hence open reduction with a medial incision 
was planned and it was performed under the spinal anes-
thesia. But the achieved reduction was unstable both at the 
ankle and subtalar joints. Hence, to maintain the reduc-
tion and also in view of offering rest to the soft tissues, an 
external fixator, spanning the ankle joint was applied intra-
operatively. The CT was performed postoperatively to rule 
out the occult fractures and plan the further management. 
Later, the patient was mobilized with non-weight bearing at 
the left lower limb. The surgical wounds were healed by 3 
weeks and a check radiographs were taken to confirm the 
stability once again. The reduction was maintained in the 
subtalar and ankle with the fracture’s fragments in place. 
Hence it was decided to continue the ankle spanning fixator 
for 3 more weeks, to achieve total immobilization of 6 weeks.
At the 6th week review, CT was done to plan the further 
management, which showed healing of the fracture of talus 
and the lateral malleolus, and were observed to be in posi-
tion. The ankle spanning fixator was removed and the limb 
immobilization was continued with an ankle foot orthosis. 
The active ROM at the ankle (figure 9) was encouraged at 

this time and non-weight bearing on the left lower limb was 
continued for one more month. At the 4 months’ review, 
after confirming the healing of fracture by the plain radio-
graphs, the global strengthening of ankle muscles with 
eccentric Achilles’ stretching exercises were advised. The 
patient was instructed and trained to walk with partial 
weight bearing with the support of walking aid and an ankle 
foot orthosis. Eventually, the patient was made to bear the 
full weight and walk by 20 weeks. 

Figure 8. (A) Clinical valgus deformity at the left ankle and foot 
indicating the lateral subtalar dislocation, (B) Plain radiograph 
showing the lateral dislocation of subtalar joint with ankle 
subluxation, (C) Post reduction CT demonstrating the lateral 
malleolar avulsion fracture, (D) Post reduction CT showing the 
posteromedial comminution of talus fracture (patient 5).

Figure 9. (A) Supination at the subtalar joint on affected left 
side limited by 5 degrees, (B) Pronation at left subtalar joint 
is comparable with the contralateral subtalar joint (patient 5).

DISCUSSION
The acute subtalar dislocation can occur with both the spec-
trum of velocity of injury. The “low velocity sporting injury” 
makes one end of spectrum and a complex “high velocity” 
motor vehicle accident or fall from height forms the other 
end. In a review of literature, out of total 359 subtalar dislo-
cations, motor vehicle accidents resulted in 44%, fall from 
height in 33% and sports injuries accounted for 14% of 
total cases (15). In our study, two (40%) patients had “low 
velocity” sporting injury, where the ankle was buckled while 
playing badminton and basketball games, which were typi-
cally correlating with the description of “basketball foot” 
by Grantham et al. (16). In these injuries, the feet were 
forcefully inverted around the sustentaculum tali, which 
acts as a fulcrum to the posterior part of the body of talus, 
resulting in medial subtalar dislocation (17). However, one 
patient presented with irreducible medial subtalar disloca-
tion, which was associated with the sustentaculum tali and 
navicular bone fractures. This is not a common combina-
tion, however there is a mention in the literature about the 
rare fracture of sustentaculum tali, accompanying the later-
al irreducible subtalar dislocation (18). The lateral subta-
lar dislocation occurs, when the foot is forcefully driven to 
eversion, around the anterior calcaneal process, which acts 
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as a fulcrum to the anterolateral corner of the talus. In the 
present study, one patient had the lateral subtalar disloca-
tion, which was due to a motor vehicle accident. Clinically, 
subtalar dislocations can be presented either with a strik-
ing deformity, making the diagnosis obvious or in cases of 
delayed presentations, the deformity may be masked due to 
the presence of swelling (19). Unbearable pain, with a typi-
cal inversion or eversion deformity at the foot is a classi-
cal clinical presentation of acute traumatic subtalar dislo-
cation. But circumstances with regards to mechanism of 
injury, delayed presentation, delay in the diagnosis in a 
multiple injury patient can mask this typical presentation. 
In the present study, three patients presented early to us 
(within an hour) irrespective of high or low energy of inju-
ry and the deformity were prominent. This was making it 
easy for the clinician to suspect the subtalar dislocation. In 
contrast, patients reaching late to the emergency depart-
ment following the injury, (6 hours in one patient and 24 
hours in another), the deformity was masked with diffuse 
swelling, and it was giving an appearance of less urgent situ-
ation. In a polytrauma situation, or in a busy emergency 
department, these patients may get down triaged, delaying 
the reduction of dislocation. This may have its repercussion 
in the overall prognosis of the condition. Prada-Cañizares 
et al. (19). states that, masking of deformity depends on the 
elapsed time since injury. Hence there should be high index 
of suspicion, especially in subtalar dislocations.
Classifying the subtalar dislocation has significance in 
understanding the mechanism, which helps in reducing the 
dislocation and also communicating to the fellow surgeons. 
Subtalar joint dislocation was first classified by Broca (20) in 
1,852, based on the direction of the dislocation, which was 
further modified and expanded by Malgaigne and Buerger 
(21) in 1,856. Accordingly, the dislocation can be classified 
into medial, lateral, and posterior. Later, “anterior disloca-
tion” was added. Clinically, the medial dislocation is charac-
terized by the foot in plantar flexion and inversion, which is 
as a result of foot and calcaneus dislocating medially and the 
talar head was felt as a prominence dorsolaterally. The later-
al dislocation on the contrary, the foot is in pronation and 
the calcaneus is displaced lateral to the talus. In the present 
study, four patients had medial dislocation and one patient 
had lateral. This is in accordance with the literature that, 
medial dislocation accounts for about 80%-85% (16, 22) of 
all types of dislocation. We had associated fractures both in 
low-velocity sporting injuries as well in high-velocity inju-
ries. The CT scan becomes an important investigatory tool 
to detect these occult fractures, which have a prognostic 
value. Many studies are in agreement of performing the CT 
scan, because of identifying the associated injuries which 
have an incidence range from 38.8% to 88%. (12, 23-24). 

One patient in our study had an MRI imaging during the 
first follow up (10 days) due to the persisting pain and 
swelling around the ankle. This showed an undisplaced 
talar head fracture in a fat suppression series, even though 
both the pre and post reduction radiographs did not reveal 
anything. The pre reduction computed tomography also did 
not show any fracture during the trauma and post reduction 
in emergency. Hence, even though MRI has a doubtful role 
in the acute setting in comparison to the CT, it has a value in 
the detection of hairline fractures, osteo-chondral fractures, 
which may go unnoticed in an acute setting. Detection of 
these pathologies can make a difference in the overall reduc-
tion of the morbidity and disability.
Urgent closed reduction in the emergency room setting 
under sedation is the recommended treatment for the 
acute traumatic subtalar dislocations. This can prevent the 
acute complications, which are related to the neurovascu-
lar compromise and tenting of the skin due to the prom-
inent talus leading to ischemia and soft tissue complica-
tions. There are certain precautions which needs to be 
kept in mind, while attempting the closed reduction, as 
they are aimed at preventing the prolonged morbidity. We 
need to avoid excessive traction, multiple abrupt reduction 
maneuver, which in turn can cause damage to the articular 
cartilage, bones, and soft tissues resulting in the long term 
morbidity (22, 25). In our study, two patients who arrived 
within 30 minutes of low-velocity sporting injury responded 
well to the closed reduction under the sedation in a single 
attempt, which was performed by the gentle maneuver. The 
other three patients with high-velocity motor vehicle injury 
had failure of single attempt of closed reduction in emer-
gency, which mandated us to take them up for the open 
reduction on an emergency basis under the spinal anesthe-
sia. The common reason for the open reduction noted was 
the talar head entrapment in the soft tissues. In the first two 
cases, which were medial subtalar dislocation, the talar head 
was entrapped in the extensor retinaculum and within the 
extensor tendons, in addition there was involvement of the 
peroneal tendons as well, leading to the buttonholing of the 
talar head. The surgeon should be cautious regarding the 
involvement of deep peroneal neurovascular bundle (19) 
in such situations. In the patient with lateral dislocation, 
the talar head was entrapped within the deltoid ligament 
and anteromedial capsule. The literature mentions that the 
entrapment of talar head by the posterior tibial tendon or 
flexor hallucis longus can necessitate the open reduction 
due to the failure of closed reduction (26). 
The surgical incision was placed over the prominent head of 
talus, on the dorsolateral aspect of foot (27) in two patients 
with medial subtalar dislocation and on the medial aspect 
of foot just distal to the medial malleolus at the prominence 
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of talar head, in lateral subtalar dislocation. After reducing 
the joint, by releasing the talar head from its entrapment, 
in medial dislocations, there was presence of instability 
found at the subtalar joint in one patient and the instabili-
ty at talonavicular joint in another, which were temporarily 
stabilized. In the patient with “lateral subtalar dislocation”, 
who went for an open reduction, in contrast to the other 
two unstable cases of medial dislocation, the ankle as well as 
the subtalar joints were still unstable. This may be due to the 
presence of “fracture at the talus” with “posterior commi-
nution” and the presence of an avulsion fracture at the later-
al malleolus. Hence it was decided to temporarily stabilize 
the joints with an ankle spanning external fixator (delta 
frame), where the joints remained stable and also aimed at 
resting the soft tissues with “ligamentotaxis”. These were 
confirmed intraoperatively with the image intensifier. It is 
a well-documented fact in the literature that, presence of 
instability dictates the type of temporary stabilizer required 
in the acute traumatic subtalar dislocations following the 
open reduction and this has better prognosis (19).
In this study, all the patients were men and the mean age 
at the time of trauma was 24 years (range, 18-35 years). 
Among the five patients, four patients had medial disloca-
tion and one had lateral dislocation of the sub talar joint. 
All the patients except one (case 3), diagnosed to have 
associated fractures around the ankle, tarsal and metatar-
sal bones. The patient 1 had 5th metatarsal tuberosity avul-
sion fracture, patient 2 had talar head fracture with the 
intraarticular extension into the talonavicular joint. The 

patient 4 had sustentaculum tali fracture along with the 
fracture of navicular bone, while the patient 5 had fracture 
of posterior process of talus and lateral malleolar avulsion 
fracture. In managing these traumatic emergencies, two 
patients underwent closed reduction under sedation in 
emergency and three patients had to undergo open reduc-
tion in the operating room under appropriate anesthesia. 
The mean follow-up period, which was the mean period 
between the date of trauma to the date of last review was 
two years (range 12 to 24 months). The average ankle hind 
foot scale score (AOFAS) was 83.3 out of 100 (range 72 
to 94) at six months post-reduction. This was improved 
to 89.8 (range 82 to 97) by the two years’ review, in all 
the patients irrespective of closed or open reduction. In 
the fifth patient who had the latest follow up, the AOFAS 
score was 75. Out of five patients, two patients were 
students, who were actively involved in the university level 
sports, had stable fracture dislocation and undergone, 
closed reduction. They had excellent clinical and function-
al outcomes (AOFAS 95 out of 100). They were managed 
non-operatively and were able to return to their respec-
tive sporting activities. The other three patients were able 
to perform routine day to day activities and returned to 
their respective jobs by 20 weeks. There were radiological 
signs of arthritis (Altman grade 1) at the subtalar joint in 
two patients. This was observed at 10 months follow up in 
one patient and 24 months follow up in another, but both 
were clinically asymptomatic. However, they had swelling 
and occasional pain, while walking and standing for long 

Table II. Comparison of the prospective and retrospective studies of subtalar joint dislocation.

Authors Milenkovic et al. (2) Lasanianos et al. (3) Bibbo et al. (23) Camarda et al. (29) Our study
Type of study Prospective Prospective Retrospective Retrospective Prospective

N of cases 11 8 25 21 5

Mechanism of injury

    Motor vehicle accident 2 5 11 13 3

    Fall from height 9 2 5 8 nil

    Inversion nil 1 9 nil 2

Type of injury

    Closed 11 7 18 14 5

    Open nil 1 7 7 nil

Time from injury to reduction

    Less than 2 hours / 8 0 nil 2

    Between 2 to 6 hours 11 nil 21 2

    More than 6 hours / nil nil 1

Total AOFAS score / 90.75 71 82.3 82.4

Mean follow up 28 months 36 months 61.6 months 76 months 24 months
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hours. In our study, no cases developed avascular necrosis 
of talus and none of them had recurrence of dislocation.
The average AOFAS ankle hind foot scale score was 83.3 
out of 100 (range 72 to 94) at six months’ post-reduction, 
which was improved to 92.5 and 95.5 in open reduction and 
closed reduction group of patients respectively. By the end 
of 24 months follow up, the score was 89.8 (range 82 to 97) 
in all the four patients irrespective of closed or open reduc-
tion. In the fifth patient who had lateral subtalar disloca-
tion and undergone open reduction, the ankle and subta-
lar joints were still unstable. This patient had the latest 24 
months follow up and the AOFAS score was 75 (out of 100). 
All the above findings were comparable (table II) to the 
prospective and retrospective studies of previous authors 
(9, 10, 23, 24, 28, 29). Hoexum and Heetveld (15) opined 
that the lateral subtalar dislocation carries a poor prognosis 
in comparison to the medial dislocation. 

CONCLUSIONS
The acute traumatic subtalar joint dislocation can pres-
ent with wide variety of mechanisms of injury, clinical 
presentation, presence of associated fracture with disloca-
tions around the foot and ankle and post reduction insta-
bility. We believe that this study will enlighten about the 
various atypical presentations of subtalar dislocation and 
its accompanying occult and definitive fractures. Closed 
subtalar joint dislocation, managed with early closed reduc-
tion showed better prognosis in comparison to patients, 
who presented late and underwent open reduction. Hence, 

a custom-made approach and management on case to case 
basis, is mandatory for the successful outcome with less-
er morbidity. However, the overall functional outcome 
depends on the other associated fractures of the bones of 
the foot and its complexity. The limitations of our study 
include the small number of patients and a shorter follow-
up time of two years. A prospective study with a longer 
follow up and higher sample size is necessary to arrive at a 
definitive conclusion. 
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SUMMARY
Myofascial trigger points are among the often overlooked causes of acute and chronic 
low back pain. It is crucial to evaluate patients with a myofascial perspective in addi-
tion to a good history and a detailed physical examination. Myofascial trigger points of 
the these muscles should be kept in mind for patients with low back pain.

KEY WORDS
Trigger points; low back pain; dry needling; myofascial pain syndrome; chiropractic.

CORRESPONDING AUTHOR:
Mustafa Hüseyin Temel 
Clinic of Physical Medicine and 
Rehabilitation
Üsküdar State Hospital
Barbaros, Veysi Paşa Street No:14
34662 Üsküdar/Istanbul, Turkey 
E-mail: mhuseyintemel@gmail.com 

DOI:
10.32098/mltj.01.2023.16

LEVEL OF EVIDENCE: 7

Looking at Low Back Pain from a Myofascial 
Perspective: Awareness and Treatment Algorithms

Mustafa Hüseyin Temel1, Yakup Erden2, Fatih Bağcıer3

1  Physical Medicine and Rehabilitation Clinic, Üsküdar State Hospital, Istanbul, Turkey
2  Physical Medicine and Rehabilitation Clinic Izzet Baysal Physical Therapy Training and Research Hospital, Bolu, 

Turkey
3  Physical Medicine and Rehabilitation Clinic, Başakşehir Çam ve Sakura City Hospital, Istanbul, Turkey

To the Editor,
low back pain (LBP) is one of the most prevalent health 
issues and significantly impacts people worldwide on a 
personal, social, and economic level (1). Myofascial pain 
syndrome (MPS) is one of the most frequent and over-
looked cause of musculoskeletal pain, which is a result 
of the myofascial trigger points (MTrPs) that are located 
in muscle tissue. The iliocostalis lumborum, multifidus, 
quadratus lumborum, gluteus medius, and gluteus minimus 
are essential muscles that may have MTrPs when examin-
ing patients with LBP (2) (figure 1). There are a growing 
number of articles that focus on the importance and treat-
ment methods of the MTrPs of these muscles in LBP (3, 4). 
It is difficult to diagnose when the MTrPs of these muscles, 
which should be considered in the differential diagnosis 
of LBP, are not viewed from the perspective of myofas-
cial pain syndrome. In this letter, we aimed to address the 
importance of MTrPs in LBP and the treatment of these 
MTrPs with dry needling (DN).

One of the leading causes of LBP is strain and overuse of 
the quadratus lumborum muscle. MTrPs of this muscle 
can result in pain in the lower back, pelvis, and hips and 
a stabbing sensation in the buttocks or pelvis. Needling is 
performed while the patient is in the side-lying position. 
The 12th costa and iliac crest should be identified. Needling 
is performed with a flat palpation technique. The needle 
should penetrate the skin from the lateral to the medial 
direction with a perpendicular angle towards the transverse 
processes. 0.30 × 60 mm needle size should be used. Due 
to the renal neighborhood, the application should not be 
performed above the level of L2 vertebrae (5).
MTrPs of the gluteus medius muscle can cause pain that radi-
ates to the sacroiliac joint, gluteal and lumbosacral region, 
iliotibial band. Needling is performed while the patient is in 
the side-lying position with hip and knee joint slightly flexed. 
Flat palpation technique should be used. The needle should 
penetrate the skin at a perpendicular angle. 0.30 × 50-60 mm 
needle size should be used. Locating the trochanter major 
as a landmark for the needling procedure is crucial. Due to 



146 Muscles, Ligaments and Tendons Journal 2023;13 (1)

Trigger Points in Low Back Pain

potential anatomical variances, care ought to be taken when 
needling to prevent injuring the sciatic nerve (5).
MTrPs of the gluteus minimus muscle can cause reflected 
pain in the iliotibial and gluteal area, posterior aspect of the 
thigh, and sciatica-like pain in the sciatic nerve trace without 
causing weakness or numbness. Needling is performed as the 
patient is lying on their side. The patient’s hip and knee joint 
should be positioned in slight flexion. With flat palpation 
technique, 0.30 × 50-60 mm needle should penetrate the skin 
at a perpendicular angle. Locating the trochanter major as a 
landmark for the needling procedure is crucial. The hip joint, 
a neighboring anatomical structure, should be avoided (5).
MTrPs of iliocostalis muscle can cause radiating pain in the 
vertebral column and posterior of the hip. Flat palpation 
technique is used. With the patient lying in prone position, 
0.30 × 30 mm needle should penetrate the skin perpendic-
ularly from the anterior to the posterior or slightly lateral 
direction. Treatment above the level of the L1 vertebra is 
not recommended due to the risk of pneumothorax (5).
MTrPs of the multifidus muscle can cause pain that radiates 
to the spinous process and adjacent areas in that segment, 
anterior abdomen, and posteroinferior thigh. Flat palpation 
technique is used. With the patient lying in prone position, 
0.30 × 50 mm needle should penetrate the skin perpendic-
ularly from the posterior to the anterior direction, approx-
imately 5 mm lateral to the spinous processes. Treatment 
above the level of the L1 vertebra is not recommended due 
to the risk of pneumothorax (5).
To summarize, MTrPs are among the often overlooked caus-
es of acute and chronic LBP. It is crucial to evaluate patients 
with a myofascial perspective in addition to a good histo-
ry and a detailed physical examination. MTrPs of the these 
muscles should be kept in mind for patients with LBP.
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Figure 1. Pain referral patterns and dry needling procedures 
of quadratus lumborum, gluteus medius, gluteus minimus, 
iliocostalis lumborum, and multifidus muscles.
(a) trigger point locations and pain referral pattern of quadratus lumbo-
rum muscle, (b) application of dry needling to the quadratus lumbo-
rum muscle with flat palpation technique (lines: right - crista iliaca, left 
- lower border of the costae), (c) trigger point locations and pain referral 
pattern of gluteus medius muscle, (d) application of dry needling to the 
gluteus medius muscle with flat palpation technique, (e) trigger point 
locations and pain referral pattern of gluteus minimus muscle, (f) appli-
cation of dry needling to the gluteus medius minimus with flat palpa-
tion technique (x: trochanter major), (g) trigger point locations and pain 
referral pattern of iliocostalis lumborum muscle, (h) application of dry 
needling to the iliocostalis lumborum muscle with flat palpation tech-
nique (lines: crista iliaca, dots: spinous processes), (i) trigger point loca-
tions and pain referral pattern of multifidus muscle, (j) application of 
dry needling to the multifidus muscle with flat palpation technique (x’s: 
spinous processes).
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SUMMARY
Objective. To measure the surface electromyographic (EMG) activity of gluteus maxi-
mus (GMax) and latissimus dorsi (LD) muscles during walking and to measure the 
scapular upward rotation at different ranges of shoulder abduction in subjects with 
chronic nonspecific low back pain (CNSLBP) versus healthy controls.
Methods. Twenty-six subjects with unilateral CNSLBP with a mean age (y) of 25.15 
± 4.11 and 26 age-matched healthy controls with mean age (y) of 23.88 ± 2.64 were 
recruited through direct referrals for this cross-sectional, comparative analysis. EMG 
activity of the GMax and contralateral LD muscles were recorded during treadmill 
walking using surface electrodes. Scapular upward rotation was measured using 
bubble inclinometers at 0°, 45°, 90°, 135°, and end range abduction. Analysis of vari-
ance (ANOVA) was used to analyze the difference between the two groups. 
Results. No statistically significant difference existed between the two groups regard-
ing the recorded EMG activity of GMax and LD muscles during walking. Also, there 
was no statistically significant difference between the groups in scapular upward rota-
tion measured at the different ranges of shoulder abduction.
Conclusions. EMG activity of GMax and LD muscles and scapular upward rotation 
does not seem to be different between subjects with CNSLBP and healthy controls.

KEY WORDS
Low back pain; posterior oblique sling muscles; electromyography; motor control; region-
al interdependence.
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INTRODUCTION
The concept of regional interdependence is important in 
musculoskeletal physical therapy, and it indicates that a 
dysfunction in one body area can be caused by abnormali-
ties in remote regions (1, 2). Following this concept, chron-
ic nonspecific low back pain (CNSLBP) can be viewed as 
dysfunction that can be caused by abnormalities in the upper, 
and lower limbs and/or the spine (1, 3-5). Although CNSLBP 
is widely prevalent, the nature of the condition is still elusive 
with no specific cause reported in about 85% of cases (6-8).
A more accurate diagnosis of CNSLBP has been the target 
of research with more objective methods of assessment that 

have proven to be essential to better treat the condition. The 
change in muscle recruitment patterns and motor control 
strategies have been linked to the causes of CNSLBP (9).
Patients with CNSLBP have been shown to inappropriate-
ly activate lumbopelvic and trunk muscles which can cause 
more dysfunction (10, 11).   
The posterior oblique sling muscles including the erector 
spinae (ES), hamstrings, gluteus maximus (GMax), and latis-
simus dorsi (LD) play an important role in stabilizing the 
trunk and driving motor control strategies in patients with low 
back pain (12). Through its connection to the LD through the 
thoracolumbar fascia, the GMax muscle plays a major stabiliz-
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ing force on the spine and unloads some of the load placed on 
the spine by dispersing it to the lower limbs. In addition, it has 
an important function during walking to extend the hip and 
prevent the excessive forward flexion of the trunk (13, 14). 
While the GMax muscle is usually inhibited and the LD 
muscle is usually facilitated, the dysfunction between these 
two muscles can contribute to the dysfunction seen in 
patients with CNSLBP. When the GMax is inhibited which 
can result in a decrease in lumbopelvic stability, the contralat-
eral LD muscle is facilitated to compensate for its insufficien-
cy. This may also result in excessive scapular upward rotation 
since the LD muscle is a scapular upward rotator (15). 
Although previous studies (15-23) have tried to investigate 
the relationship between the GMax and LD muscles during 
static tasks such as prone hip extension, no study has inves-
tigated the relationship between EMG activity of GMax 
and LD muscles during gait in subjects with CNSLBP and 
healthy control to the authors’ knowledge. Therefore, the 
primary objective of this study was to measure the EMG 
activity of GMax and LD muscles during walking. A second-
ary purpose was to measure the scapular upward rotation 
at different ranges of shoulder abduction in subjects with 
CNSLBP versus healthy controls. Since there are contra-
dictory data in the published literature, it was hypothesized 
that there will be no significant difference between the EMG 
activity of GMax and LD muscles during walking in subjects 
with CNSLBP versus healthy controls. Also, it was hypothe-
sized that there will be no significant difference between the 
two groups regarding the degree of scapular upward rotation 
measured at different ranges of shoulder abduction.

METHODS

Study design and setting
This was a cross-sectional and comparative analysis conduct-
ed at the EMG laboratory of the Faculty of Physical Thera-
py, Cairo University. The study was approved by the institu-
tional review board (IRB) of the Faculty of Physical Therapy, 
Cairo University (approval number: P.T.REC/012/003643 – 
Date of approval: February 27, 2022).

Sample size calculation
To detect an effect size of Cohen’s d = 0.82 with 80% power 
(alpha = 0.05), G*power software (version 3.1.9.7; Franz 
Faul, Universitat Kiel, Germany) suggested we need 50 
participants (25 in each group) using an independent sample 
t-test (two-tailed). The effect size was calculated based on a 
standard deviation of 16 points in a group of subjects with 
CNSLBP and an expected mean difference of 9 points from 
a previous similar study (24). 

Participants
Out of 69 subjects who were screened for eligibility, 52 met 
the inclusion criteria. These were 26 subjects with unilateral 
CNSLBP (group A) and 26 age-matched healthy controls 
(group B). Those with unilateral CNSLBP were recruited 
through direct referrals from their orthopedic physician and 
they had to meet the following inclusion criteria: age ranges 
between 20 and 40, unilateral CNSLBP for more than three 
months, at least a score of 3 out of 10 on the visual analog 
scale (VAS), body mass index (BMI) less than 30, and symp-
toms confined to the lower back with no radiation. Subjects 
were excluded if they have non-mechanical low back pain, 
lower limb deformities, any neurological disorders, any 
shoulder dysfunctions, age younger than 20 or older than 
40, any physical dysfunction affecting the lower limb that 
restricts walking, and BMI higher than 30.

Assessment procedure
After eligible subjects signed the informed consent form, 
their demographic data were collected. After a detailed 
explanation of the study and assessment protocol, their 
height and weight were taken using a universal height and 
weight scale (Model Number: Zt-120 Dial Body Scale, 
Perlong Medical Equipment Co., Ltd., Shanghai, China). 
Their BMI was then calculated using the following formu-
la: BMI = body weight (Kg)/squared height (m2). Then the 
subjects were prepared for recording EMG activities and 
for measuring scapular upward rotation.

The procedure for recording EMG activity
The EMG activities of the GMax and LD muscles were 
measured. For subjects in group A with unilateral CNSLBP, 
EMG activity of the ipsilateral GMax and contralateral LD 
muscles was recorded (i.e., if the subject has a right CNSLBP, 
the right GMax and left LD activities were recorded). For 
subjects in group B, the dominant GMax and contralateral 
LD muscle activities were recorded. An EMG unit (Neuro-
MEP.NET, Neurosoft, Ivanovo, Russia) using two EMG 
channels and version 4.1.7.0 software was used (figure 1).   
The amplifier has two electrically isolated channels with an 
impedance of less than 10 m ohms. It also has up to 10 traces 
gain with a resolution of 1,000 per trace. Disposal adhesive 
electrocardiography (ECG) electrodes measured 44 × 28 mm 
were used. The EMG unit bandwidth was 5-500 Hz, and the 
sample rate of the EMG signal was 2,000 samples/second.
Before placement of surface electrodes over the muscles, 
the skin was cleaned with 70% alcohol and shaved if need-
ed. For GMax electrode placement, the active electrode 
was placed halfway between the greater trochanter and the 
second sacral vertebra, the reference electrode was placed 
lateral to the active one at distance equal to the size of the 
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electrode (figure 2). For LD muscle, the active electrode was 
placed over the muscle belly halfway between the midaxil-
lary line and the T9 spinous process 4 cm below the inferi-
or angle of the scapula. The reference electrode was placed 
medial and slightly below the active electrode at the level 
of the T10 spinous process at a distance equal to the size of 

the electrode. The ground electrode for both muscles was 
placed on the spinous process of L2 (17, 24) (figure 3). 
The muscle activity of GMax and LD muscles was record-
ed during walking on a treadmill at 3 km/hour which was 
standardized for all subjects regardless of their conditions 
(25). After 3 minutes of walking familiarization on the 
treadmill, the EMG signal from both muscles was collect-
ed for 30 seconds and the first and last 5 seconds were 
discarded (26). Patients were also familiarized with walk-
ing on the treadmill without any wires attached to them 
to practice and to explain how to safely stop the tread-
mill in case of an emergency. A regular treadmill (via delle 
pesche, 12547023 Cesena (FC), Italy) with zero inclination 
was used. 
To normalize the EMG activity for the recorded muscles, 
the root mean square (RMS) value was obtained using the 
maximum voluntary isometric contraction (MVIC) from 
the corresponding positions used for the muscle test. It 
was recommended, however, to get a submaximal isomet-
ric contraction for the GMax muscle because a maximum 
contraction may produce pain which would invalidate the 
use of the RMS value for normalization (27).
Using the same electrode placement as before, the subject 
was asked to lift both knees off the table from a prone posi-
tion to produce bilateral hip extension with the knee flexed 
to 90 degrees and hold them for 5 seconds for GMax muscle 
(figure 4). For normalization of the RMS value of the LD 
muscle, the subject was asked to produce MVIC against the 
therapist’s hands placed on the distal posterior surface of the 
arm. The subject was asked to extend the shoulder while the 
arm was aligned at the edge of the table, forearm hung outside 
the table, elbow flexed to 90 degrees and hold the contraction 
for 5 seconds. The scapula and the contralateral pelvic were 
supported on the table by a research assistant (27) (figure 5). 
The signal obtained during walking on the treadmill was 
amplified and the average RMS of the recorded EMG 

Figure 1. Neuro-MEP.NET EMG Surface apparatus. 
(1) Screen, (2) Printer, (3) Amplifier, (4) Keyboard, (5) Computer 
processing unit, (6) Foot switches.

Figure 2. Electrode placement for GMax muscle.

Figure 3. Electrode placement for latissimus dorsi muscle.
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activity during walking was calculated and expressed as a 
percentage of the normalized value. The average percent 
normalized value of three walking trials was used for 
data analysis.

Measurement of scapular upward rotation
A standardized method of measurement was used (28). 
This involves the use of two bubble inclinometers for 
measurement (Baseline® Bubble Inclinometer, Fabrication 
Enterprises INC, White Plains, New York 10602, USA). 
One inclinometer was fixed using straps on the distal 
humerus for measuring shoulder abduction, and the other 
was placed on the spine of the scapula. Measurement was 
taken in the resting position (0-degree abduction), then 

the subject was asked to abduct the arm to 45, 90, and 135 
degrees, to end range abduction, and the scapular upward 
rotation was recorded (figure 6) at each of the ranges. 
Upward rotation of the scapula on the same side of the 
tested LD muscle was measured.

Data analysis
Data were analyzed using the statistical package for social 
science (SPSS) program, version 27 (SPSS Inc, Chicago, 
IL, USA). Data were tested for normality using the Shap-
iro-Wilk test and showed normal distribution. An inde-
pendent sample t-test was used to compare the demo-
graphics between the two groups for continuous variables 
(age, weight, height, and BMI) and the Chi-squared test 
was used to compare the sex distribution between the 
two groups. Analysis of variance (ANOVA) was used to 
compare the mean values between the two groups. The 
significance level was set at p ≤ 0.05.

RESULTS
In group A there were 18 (69%) females and 8 males (31%), 
while in group B there were 17 females (65%) and 9 males 
(35%). There was no significant difference between groups 
for sex distribution with χ2 value = 0.08 and p = 0.76. Table I 
summarizes the basic characteristics of the participants. No 
statistically significant difference between the two groups 
was found for any of these variables.
There was no statistically significant difference in the 
EMG activity of the GMax and LD muscles between the 
two groups with p > 0.05 (table II). Similarly, there was no 
statistically significant difference between the two groups 
for the mean scapular upward rotation measured at differ-
ent angles of shoulder abduction (p > 0.05) (table III and 
figure 7).

Figure 4. Submaximal voluntary isometric contraction for 
normalization of GMax muscle.

Figure 5. MVIC method for normalization of LD muscle.

Figure 6. Measuring scapular upward rotation using bubble 
inclinometers.
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DISCUSSION
While previous studies (15-23) have primarily focused on 
muscle activity during static tasks (e.g., prone hip exten-
sion), this study targeted a more functional approach and 
investigated the EMG activity of posterior oblique sling 
muscles during walking. The researchers of the current 
work were interested in detecting the changes that may 
happen during functional activities such as walking and 
how subjects with CNSLBP recruit the posterior oblique 
muscles versus healthy controls. Although the muscle activ-
ities were tested during a short walking period (30 sec), it 
may provide insight for future research to further investi-

gate the same muscle activities during longer walking tasks 
or even during more complex tasks such as running.
Although there was no statistically significant difference 
between subjects with CNSLBP and healthy controls 
in the recruitment of the GMax muscle, subjects in the 
CNSLBP group showed a slightly lower activity pattern of 
GMax muscle during walking than those healthy subjects. 
The GMax muscle plays an important role in controlling 
the lumbosacral spine and if weak, it can contribute to the 
development of low back pain (14, 29-32). Previous litera-
ture, however, showed contradictory results regarding the 
recruitment of GMax muscle in patients with CNSLBP. 
Some studies reported that the GMax muscle showed high-

Table I. Basic characteristics of participants.

Subjects 
with CNSLBP

Control group P-value

Mean ± SD Mean ± SD
Age (years) 25.15 ± 4.11 23.88 ± 2.64 0.19

Weight (kg) 67.5 ± 9.71 69.15 ± 9.32 0.53

Height (cm) 166.96 ± 9.33 166.34 ± 9.91 0.81

BMI (kg/m²) 24.22 ± 3.28 24.92 ± 2.53 0.38

Sex, n (%)

    Females 18 (69%) 17 (65%) 0.76

    Males 8 (31%) 9 (35%)
SD: standard deviation; P-value: level of significance.

Table II. Comparison between EMG of GMax and LD muscles in subjects with CNSLBP and control group.

EMG (%MVIC) Subjects with CNSLBP Control group MD F- value P-value

Mean ± SD Mean ± SD
Gluteus maximus 69.64 ± 25.09 77.42 ± 21.49 -7.78 1.44 0.23

Latissimus dorsi 57.46 ± 19.76 51.41 ± 18.51 6.05 1.29 0.26
SD: standard deviation; MD: mean difference; F-value: Fisher statistics value; P-value: probability value.

Table III. Comparison of scapular upward rotation between subjects with CNSLBP and control group.

Shoulder position Subjects with CNSLBP Control group MD F-value P-value

Mean ± SD Mean ± SD
0° abduction 2.85 ± 0.93 2.53 ± 0.72 0.32 1.86 0.17

45° abduction 8.72 ± 2.39 8.25 ± 2.88 0.47 0.41 0.52

90° abduction 18.21 ± 4.02 19.95 ± 4.14 -1.74 2.35 0.13

135° abduction 37.49 ± 7.06 39.93 ± 7.35 -2.44 1.49 0.22

End range abduction 54.68 ± 6.47 56.73 ± 8.22 -2.05 0.99 0.32
SD: standard deviation; MD: mean difference; P-value: probability value.

Figure 7. Mean scapular upward rotation of subjects with 
CNSLBP and control group.
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er activation patterns in subjects with CNSLBP as compared 
to healthy controls (15-17). While others found that the 
muscle has a decreased recruitment pattern in subjects with 
CNSLBP as compared to healthy controls (18-23). It is 
important to note, however, that the EMG activity of GMax 
in these studies was recorded during static positions and not 
during gait as in the current study.
The EMG activity of the LD muscle, on the other hand, was 
slightly higher in subjects with CNSLBP as compared to 
the healthy controls although statistical significance was not 
present as well. This can be explained by that subjects with 
CNSLBP may activate the trunk muscles as a compensatory 
mechanism to achieve lumbopelvic stability. The contradiction 
between the result of this study and previous studies (15-23) 
may arise from the fact that muscle activation patterns are 
different in static versus dynamic tasks. Since previous stud-
ies used static tasks such as prone hip extension and we used 
walking tasks, it is possible that subjects with CNSLBP use 
different activation patterns to compensate for the presence of 
pain or mobility deficits or use different motor control strat-
egies. This may result in higher or lower activation patterns 
which need to be further investigated in future research.
The result of the current study is consistent with the result 
of the work by Mohamed et al. (24) who found increased 
activation of LD and decreased activation of GMax muscles 
in subjects with chronic low back pain as compared to 
controls. Their study, however, measured the activation of 
muscles on both sides of the body, unlike our study. Also, 
the major difference between this study and their work is 
that they measured the EMG muscle activity during prone 
hip extension while in this study we measured the same 
muscle activities during walking on a treadmill. 
Increased scapular upward rotation was reported in subjects 
with chronic low back pain as compared to healthy controls 
by the work of Mohamed et al. (24). Our study, however, did 
not find a statistically significant difference between groups 
with a slight increase in the degree of scapular upward rota-
tion measured at 0 and 45 degrees of abduction in subjects 
with CNSLBP. This is consistent with the work of Taghizadeh 
et al. (33) who found increased scapular upward rotation at 
zero- and 40-45-degrees abduction in subjects with CNSLBP 
as compared to healthy controls. They used, however, the 
lateral scapular slide test for assessment, while in our study, 
we used an inclinometer-based assessment. They justified that 
the increase in scapular upward rotation may be due to the 
anatomical attachment of the LD muscle to the inferior angle 
of the scapula, but it was not clear why the upward rotation 
would increase in some ranges while others did not. 
The current study can be viewed within the scope of sever-
al limitations. First, the EMG activity of only two muscles 
was measured, and only one pair of the muscles were test-

ed i.e., ipsilateral GMax and contralateral LD muscles in 
subjects with CNSLBP, the dominant GMax and contralat-
eral LD muscles in healthy controls. It is useful that future 
research considers measuring the muscle activities bilateral-
ly and compares between them to obtain a better picture of 
the muscle recruitment patterns in subjects with CNSLBP 
versus healthy control during walking.
Second, we recommend that future research takes it a step 
further and investigate EMG muscle activities during more 
complex tasks such as running and compare their results to 
ours. It is important to know how the muscles behave when 
the demands of a task increase. This will give an insight into 
how patients with long-standing low back pain and who 
may be more physically active such as runners cope with 
their conditions and how much stabilizing activity of GMax 
and LD muscles is needed when the task intensity increases.
Third, the small sample size may have contributed to the 
findings of no statistically significant difference between the 
groups. A larger sample size could have shown different 
results. It is recommended that future research increase the 
sample size and find out whether or not this can be a factor 
for different results.

CONCLUSIONS
Based on the results and considering the limitations, EMG 
activity of GMax and LD muscles and scapular upward 
rotation does not seem to be different between subjects with 
CNSLBP and healthy controls.

FUNDINGS
No funds were available for this study.

DATA AVAILABILITY
Data are available under reasonable request to the corre-
sponding author.

CONTRIBUTIONS
WA, MA: study design, providing intervention participa-
tion, data collection and analysis. MA, SA, HE: editing. 

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests.

ACKNOWLEDGMENTS
The authors would like to thank the participants in this study.



154 Muscles, Ligaments and Tendons Journal 2023;13 (1)

EMG Activity During Gait in Subjects with Low Back Pain and Healthy Controls

REFERENCES
1. Wainner RS, Whitman JM, Cleland JA, Flynn TW. Regional 

interdependence: a musculoskeletal examination model whose 
time has come. J Orthop Sports Phys Ther. 2007;37(11):658-60. 
doi: 10.2519/jospt.2007.0110.

2. Sueki DG, Cleland JA, Wainner RS. A regional interdependence 
model of musculoskeletal dysfunction: research, mechanisms, 
and clinical implications. J Man Manip Ther. 2013;21(2):90-102. 
doi: 10.1179/2042618612Y.0000000027.

3. Dionne C, Dunn K, Croft P, et al. A consensus approach toward 
the standardization of back pain definitions for use in prevalence 
studies. Spine (Phila Pa 1976). 2008;33(1):95-103. doi: 10.1097/
BRS.0b013e31815e7f94.

4. Cohen SP, Argoff CE, Carragee EJ. Management of low back 
pain. BMJ. 2008;337:a2718. doi: 10.1136/bmj.a2718.

5. Campbell C, Muncer SJ. The causes of low back pain: a network 
analysis. Soc Sci Med. 2005;60(2):409-19. doi: 10.1016/j.
socscimed.2004.05.013.

6. Barondess J, Cullen M, De Lateur B. Musculoskeletal disorders 
and the workplace. 2001. Available at: https://europepmc.org/
books/n/nap10032/ddd00007/?extid=25057544&src=med. 
Last access date: 07/15/2022.

7. Airaksinen O, Brox JI, Cedraschi C, et al. Chapter 4. Europe-
an guidelines for the management of chronic nonspecific low 
back pain. Eur Spine J. 2006;15 Suppl 2(Suppl 2):S192-300. doi: 
10.1007/s00586-006-1072-1.

8. Juffer F, Steele M. What words cannot say: the telling story of 
video in attachment-based interventions. Attach Hum Dev. 
2014;16(4):307-14. doi: 10.1080/14616734.2014.912484.

9. Silfies SP, Squillante D, Maurer P, Westcott S, Karduna AR. 
Trunk muscle recruitment patterns in specific chronic low back 
pain populations. Clin Biomech (Bristol, Avon). 2005;20(5):465-
73. doi: 10.1016/j.clinbiomech.2005.01.007.

10. Sahrmann S, Azevedo DC, Dillen LV. Diagnosis and treatment 
of movement system impairment syndromes. Braz J Phys Ther. 
2017;21(6):391-9. doi: 10.1016/j.bjpt.2017.08.001.

11. Burnett AF, Cornelius MW, Dankaerts W, O’sullivan PB. Spinal 
kinematics and trunk muscle activity in cyclists: a comparison 
between healthy controls and non-specific chronic low back pain 
subjects-a pilot investigation. Man Ther. 2004;9(4):211-9. doi: 
10.1016/j.math.2004.06.002.

12. Carvalhais VO, Ocarino Jde M, Araújo VL, Souza TR, Silva PL, 
Fonseca ST. Myofascial force transmission between the latis-
simus dorsi and gluteus maximus muscles: an in vivo exper-
iment. J Biomech. 2013;46(5):1003-7. doi: 10.1016/j.jbio-
mech.2012.11.044.

13. Mooney V, Pozos R, Vleeming A, Gulick J, Swenski D. Exer-
cise treatment for sacroiliac pain. Orthopedics. 2001;24(1):29-32. 
doi: 10.3928/0147-7447-20010101-14.

14. Hossain M, Nokes LD. A model of dynamic sacro-iliac joint 
instability from malrecruitment of gluteus maximus and biceps 
femoris muscles resulting in low back pain. Med Hypotheses. 
2005;65(2):278-81. doi: 10.1016/j.mehy.2005.02.035.

15. Kim JW, Kang MH, Oh JS. Patients with low back pain demon-
strate increased activity of the posterior oblique sling muscle 
during prone hip extension. PM R. 2014;6(5):400-5. doi: 
10.1016/j.pmrj.2013.12.006.

16. Kim JW, Han JY, Kang MH, Ha SM, Oh JS. Comparison of 
Posterior Oblique Sling Activity during Hip Extension in the 

Prone Position on the Floor and on a Round Foam Roll. J Phys 
Ther Sci. 2013;25(8):977-9. doi: 10.1589/jpts.25.977.

17. Pirouzi S, Hides J, Richardson C, Darnell R, Toppenberg R. Low 
back pain patients demonstrate increased hip extensor muscle 
activity during standardized submaximal rotation efforts. Spine 
(Phila Pa 1976). 2006;31(26):E999-E1005. doi: 10.1097/01.
brs.0000250076.74366.9d.

18. Suehiro T, Mizutani M, Ishida H, Kobara K, Osaka H, Watanabe 
S. Individuals with chronic low back pain demonstrate delayed 
onset of the back muscle activity during prone hip extension. J 
Electromyogr Kinesiol. 2015;25(4):675-80. doi: 10.1016/j.jele-
kin.2015.04.013.

19. Tateuchi H, Taniguchi M, Mori N, Ichihashi N. Balance of hip 
and trunk muscle activity is associated with increased anterior 
pelvic tilt during prone hip extension. J Electromyogr Kinesiol. 
2012;22(3):391-7. doi: 10.1016/j.jelekin.2012.03.003.

20. Nelson-Wong E, Callaghan JP. Changes in muscle activation 
patterns and subjective low back pain ratings during prolonged 
standing in response to an exercise intervention. J Electromyogr 
Kinesiol. 2010;20(6):1125-33. doi: 10.1016/j.jelekin.2010.07.007.

21. Sakamoto AC, Teixeira-Salmela LF, de Paula-Goulart FR, de 
Morais Faria CD, Guimarães CQ. Muscular activation patterns 
during active prone hip extension exercises. J Electromyogr 
Kinesiol. 2009;19(1):105-12. doi: 10.1016/j.jelekin.2007.07.004.

22. Lehman GJ, Lennon D, Tresidder B, Rayfield B, Poschar M. 
Muscle recruitment patterns during the prone leg extension. BMC 
Musculoskelet Disord. 2004;5:3. doi: 10.1186/1471-2474-5-3.

23. Leinonen V, Kankaanpää M, Airaksinen O, Hänninen O. Back 
and hip extensor activities during trunk flexion/extension: effects 
of low back pain and rehabilitation. Arch Phys Med Rehabil. 
2000;81(1):32-7. doi: 10.1016/s0003-9993(00)90218-1.

24. Mohamed RR, Abdel-Aziem AA, Mohammed HY, Diab RH. 
Chronic low back pain changes the latissmus dorsi and gluteus 
maximus muscles activation pattern and upward scapular rota-
tion: A cross-sectional study. J Back Musculoskelet Rehabil. 
2022;35(1):119-27. doi: 10.3233/BMR-200253.

25. Malatesta D, Canepa M, Menendez Fernandez A. The effect of 
treadmill and overground walking on preferred walking speed 
and gait kinematics in healthy, physically active older adults. 
Eur J Appl Physiol. 2017;117(9):1833-43. doi: 10.1007/s00421-
017-3672-3.

26. Shin SJ, Kim TY, Yoo WG. Effects of various gait speeds on the 
latissimus dorsi and gluteus maximus muscles associated with the 
posterior oblique sling system. J Phys Ther Sci. 2013;25(11):1391-
2. doi: 10.1589/jpts.25.1391.

27. Dankaerts W, O’Sullivan PB, Burnett AF, Straker LM, Danneels 
LA. Reliability of EMG measurements for trunk muscles during 
maximal and sub-maximal voluntary isometric contractions in 
healthy controls and CLBP patients. J Electromyogr Kinesiol. 
2004;14(3):333-42. doi: 10.1016/j.jelekin.2003.07.001.

28. Struyf F, Nijs J, Mottram S, Roussel NA, Cools AM, Meeu-
sen R. Clinical assessment of the scapula: a review of the liter-
ature. Br J Sports Med. 2014;48(11):883-90. doi: 10.1136/
bjsports-2012-091059.

29. Ha SM, Jeon IC. Comparison of the electromyograph-
ic recruitment of the posterior oblique sling muscles during 
prone hip extension among three different shoulder posi-
tions. Physiother Theory Pract. 2021;37(9):1043-50. doi: 
10.1080/09593985.2019.1675206.

https://europepmc.org/books/n/nap10032/ddd00007/?extid=25057544&src=med


155Muscles, Ligaments and Tendons Journal 2023;13 (1)

Warda abdelaziz, SalWa abdelmajeed, Hala elHabaSHy, moHamed abdelmegeed

30. Lee JK, Hwang JH, Kim CM, Lee JK, Park JW. Influence of 
muscle activation of posterior oblique sling from changes in acti-
vation of gluteus maximus from exercise of prone hip extension 
of normal adult male and female. J Phys Ther Sci. 2019;31(2):166-
169. doi: 10.1589/jpts.31.166.

31. Amabile AH, Bolte JH, Richter SD. Atrophy of gluteus maximus 
among women with a history of chronic low back pain. PLoS 
One. 2017;12(7):e0177008. doi: 10.1371/journal.pone.0177008.

32. Newcomer KL, Jacobson TD, Gabriel DA, Larson DR, Brey RH, 
An KN. Muscle activation patterns in subjects with and without 
low back pain. Arch Phys Med Rehabil. 2002;83(6):816-21. doi: 
10.1053/apmr.2002.32826.

33. Taghizadeh S, Pirouzi S, Hemmati L, Khaledi F, Sadat A. Clinical 
Evaluation of Scapular Positioning in Patients With Nonspecific 
Chronic Low Back Pain: A Case-Control Study. J Chiropr Med. 
2017;16(3):195-8. doi: 10.1016/j.jcm.2017.08.003.



O R I G I N A L  A R T I C L E Nr 2023;13 (1):156-162

156

SUMMARY
Background. This study aims to adapt the Tegner Activity Scale (TAS) to Italian 
language and establish its reliability and validity in patients after anterior cruciate liga-
ment reconstruction.
It was hypnotized the Italian version of the TAS have acceptable psychometric proper-
ties for use with the Italian population.
Methods. This is an observational multicenter study. The Tegner Activity Scale was 
translated and culturally adapted according to the Beaton guidelines. A web-based 
survey was conducted to evaluate the construct validity: 62 patients were included in 
the study. Spearman’s rank correlation coefficient (r) between the TAS and the Short 
Form 36 (SF-36) subscales and the International Knee Documentation Committee 
(IKDC) was used to evaluate construct validity. The patients completed the TAS again 
one week after their first submission, and the intraclass correlation coefficient was used 
to calculate the test-retest reliability.
Results. The correlation coefficient showed moderate correlation with the SF-36 Phys-
ical Function domain (r = 0.41; p = 0.001) and weak correlation with the IKDC (r 
= 0.3; p = 0.02). Correlations with the other SF-36 subscales were very weak and 
not statistically significant. Test-retest reliability (0.68, 95%CI 0.43-0.83) ranged from 
good to excellent.
Conclusions. The Italian version of the Tegner Activity Scale is a valid instrument to 
assess a patient’s level of sporting activity after anterior cruciate ligament reconstruction.
Cultural adaptation of this scale is fundamental to make this instrument comparable 
throughout scientific literature.
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Anterior cruciate ligament reconstruction; ACL injury; functional score; knee function; 
rehabilitation; reliability; return to sport; patient-centered care; PROMs.
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INTRODUCTION
The Tegner Activity Scale (TAS) was developed by Tegner in 
1985 (1). Thanks to its simplicity, it is one of the most used 
scales for scoring activity levels after knee surgery, especial-
ly anterior cruciate ligament reconstruction (ACL-R) (2-4).
The TAS validity has been proven by its strong correlation 
with other Patient-Reported Outcome Measures (PROMs) 
like Lysholm scale (5, 6), International Knee Documenta-
tion Committee (IKDC) (6, 7), Physical Activity Scale (8), 
and Marx Activity Rating Scale (9).
Good test-retest reliability for the TAS was found not only 
in patients who had been treated for ACL-R (ICC of 0.82) 
(10) but also for meniscal injuries (ICC of 0.82) (11), and 
acute patellar dislocation (ICC of 0.92) with no ceiling and 
floor effects being reported (6).
Despite its widespread use in scientific literature, an Italian 
version of the TAS is not available. Cultural adaptation of 
this scale is fundamental to make this instrument compa-
rable throughout scientific literature and especially useful 
for Italian clinicians who have to decide between surgery 
and conservative treatment, particularly with recreation-
al athletes.
Countries have different sports traditions, and the same 
sport can reach different levels of media attention, competi-
tion, and diffusion. So, the TAS, by not mentioning certain 
sports that could be very common in a country, should be 
adapted to include them in the related questionnaire.
The TAS has already been translated in Chinese (12), Dutch 
(10), German (13), Persian (14), although to our best knowl-
edge, an Italian version has never been validated.
The aim of this study was to translate and cross-cultural-
ly adapt the TAS for use with an Italian population and 
to evaluate its reliability and validity in individuals after 
ACL-R. The hypothesis of the present study was that the 
Italian version of the TAS would have acceptable psycho-
metric properties for use with the Italian population.

MATERIALS AND METHODS

Translation procedure 
Permission to translate and validate the questionnaire was 
achieved by the original author before starting the study. 
The procedure of cross-cultural adaptation followed the 
international guidelines published by Beaton (15) for a 
self-administered questionnaire.
The research group was composed of 5 physical therapists 
and 5 orthopedic surgeons.
Two independent individuals unrelated to the research 
group translated the questionnaire from English to Italian 
and then synthesized them into a first draft of the scale.

Two independent English native speaker professional trans-
lators, who were not familiar with the questionnaire at that 
moment, translated the draft back into English.
Inconsistencies between the original English version and 
the backward translations were resolved in the second draft 
of the questionnaire.
The final Italian version, the I-TAS (table I) was pre-test-
ed on 16 patients, who had been treated with ACL recon-
struction: each participant was asked to give feedback to 
the corresponding author about the comprehensibility and 
acceptability of the questionnaires.

Patients
Between April 2019 and April 2020, 157 patients were invit-
ed to participate in this study. Inclusion criteria were patients 
aged between 16 and 65, who underwent ACL-R at least one 
year before the moment they answered the questionnaire. 
Patients were recruited from 9 Italian orthopedic or rehabili-
tation centers where they underwent surgery or rehabilitation.
Subjects were contacted by phone to present the research to 
them and explain all the information needed. All of them gave 
their informed consent to participate. All procedures followed 
were in accordance with the ethical standards of the respon-
sible committee on human experimentation (institutional and 
national) and with the Helsinki Declaration. According to 
Italian law, ethical approval for this study was not required 
because it involved only routine clinical follow-up.
Patients were sent an e-mail with the I-TAS and 2 comple-
mentary questionnaires used for reference: the validated 
Italian version of the IKDC (16), and Short Form 36-Item 
Health Survey (SF-36) (17). Participants were invited to fill 
in the 3 questionnaires online. One week after receiving the 
first assessment, the corresponding author sent a second 
e-mail with the I-TAS only, for reliability analysis.
At the beginning of the second e-mail, patients were asked if 
their status had changed since the first assessment: possible 
answers were “Yes, it’s better”, “Yes, it’s worse” and “No”. 
This question was necessary to ensure that only patients with 
no change in their knee functions within the time interval 
considered were included in the test-retest analysis. Patients 
returning the second e-mail after more than 2 months were 
also excluded for the test-retest analysis. 

Instruments
The TAS is a 1-item instrument that evaluates sport levels 
and occupational activities (1). It ranges from 0 to 10 where 
0 stands for sick leave or disability pension and 10 represents 
the highest level of competition. 
The IKDC is a valid tool to assess knee function: it has already 
been translated and cross-culturally adapted to Italian speak-
ing-countries, showing good validity and reliability (16).
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Table I. I-TAS: the Italian version of the Tegner Activity Scale.

Per favore indichi il livello d’attività massimo che riesce a praticare attualmente

Punteggio Intensità Sport

10 Sport Agonistici
Calcio (categorie nazionale e internazionale)
Rugby (categorie nazionale e internazionale)

9 Sport Agonistici

Calcio (categorie minori)
Rugby (categorie minori)
Sport di combattimento

Ginnastica

8 Sport Agonistici

Pallavolo
Calcio a 5

Atletica (corsa ostacoli, siepi, salto in lungo, salto in alto)
Sci da discesa

7

Sport Agonistici

Tennis
Atletica (corsa su pista e su strada)

Corsa campestre*
Motocross, motociclismo

Pallamano
Pallacanestro

Sport Amatoriali

Calcio
Pallavolo
Calcio a 5

Atletica (corsa ostacoli, siepi, salto in lungo, salto in alto)
Corsa campestre*

6 Sport Amatoriali

Tennis e Volano
Pallamano

Pallacanestro
Sci da discesa

Jogging, almeno 5 volte alla settimana

5

Sport Agonistici
Ciclismo

Sci di fondo

Sport Amatoriali Jogging su terreno irregolare almeno 2 volte a settimana

Attività lavorativa Lavori pesanti (es. muratore, boscaiolo)

4 Sport Amatoriali
Ciclismo

Sci di fondo
Jogging su terreno regolare almeno 2 volte a settimana

Attività lavorativa Lavori moderatamente pesanti (es. camionista, lavori domestici pesanti)

3

Sport Agonistici e Amatoriali Nuoto

Attività lavorativa Lavori leggeri (infermiere)

Attività ricreativa Camminata nel bosco

2
Attività lavorativa Lavori leggeri (commessa, insegnante)

Attività ricreativa Camminata su terreno irregolare (sterrato)

1
Attività lavorativa Lavoro sedentario (segretaria)

Attività ricreativa Camminata su terreno regolare

0 Congedo per malattia lavorativa o pensione di invalidità a causa dei problemi al ginocchio
*Corsa campestre is considered both in agonistic and non agonistic group.
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It consists of 3 domains: symptoms, sports and daily activi-
ties and current knee functional status. Items required differ-
ent answers (one yes or no question, Likert scales) and have 
different weights: the final score is expressed as a percentage.
The SF-36 consists of 36 questions on the general health 
status of patients: it’s a worldwide instrument and the Italian 
version has already been validated (17). 
It consists of 8 health domains: physical function (PF), role 
physical (RP), bodily pain (BP), general health (GH), vitality 
(VT), social function (SF), role emotional (RE), and mental 
health (MH) whose score can vary from 0 (lowest health 
status) to 100 (highest health status) and are then aggregat-
ed and weighted into a two summary score i.e. the physical 
and the mental component.

Statistical analysis
Descriptive statistics were used to report patients’ demo-
graphics in the form of means, standard deviation (SD) and 
range. The Kolmogorov–Smirnov test was used to assess the 
assumption of normality. Conventionally, at least 50 patients 
are the minimum sample size required to compare proper-
ties as validity in PROMs (18).
A P-value of less than 0.05 was considered statistically 
significant.
ICC was calculated for test-retest reliability (2-way random-ef-
fects model, single measurements and absolute agreement): 
reproducibility was considered to be “excellent” (r > 0.75), 
“good” (0.75 < r < 0.40), or “poor” (r < 0.40) (19). The 95% 
confidence interval (CI) for the ICC, was also calculated.
Construct validity was assessed by calculation of the associa-
tion between the I-TAS and the Italian versions of the IKDC 
and different SF-36 subscales. Scale scores were treated as 
ordinal variables, thus Spearman’s rank correlation coeffi-
cient was used. Levels of correlation were defined as follows: 
0.00 to 0.19 – very weak; 0.20 to 0.39 – weak; 0.40 to 0.59 – 
moderate; 0.60 to 0.79 – strong; 0.80 to 1.00 – very strong (20).
It was hypothesized a priori that: 

1. according to literature, the correlation between the I-TAS 
and the Italian IKDC was > 0.40 (10, 12);

2. the correlation between I-TAS and Physical functioning 
subscale of the SF-36 was > 0.40 (10);

3. the correlations between the I-TAS and the SF-36 
subscale of Physical Functioning, and I-TAS and IKDC 
were higher than those between the I-TAS and the other 
SF-36 subscales RP, BP, GH, VT, SF, RE, MH.

Construct validity of the I-TAS questionnaire was defined as 
good if ≥ 75% of the hypotheses were confirmed (21).
All data was analyzed using IBM SPSS Statistics software.

RESULTS

Translation process 
During the translation process, hockey was substituted with 
rugby and wrestling was substituted with combat sport at 
question 9. Volleyball substituted bandy and futsal substi-
tuted squash at question 8.

Patient characteristics 
Of the 157 patients available, 33 were not able to participate 
due to the impossibility of being contacted. Of the remain-
ing 124 patients:
• 4 did not send all the completed questionnaires. 
• 58 did not answer.
• 62 patients completed the questionnaires.
Demographic cohort data is listed in table II.
Of the 62 completed questionnaires, 31 patients returned a 
valid I-TAS for re-test.
Absolute values of all scales are listed in table III. 
Correlations between the I-TAS and the other scales are listed in 
table IV. Spearman’s rank correlation between the I-TAS and Physi-
cal Function subscale was moderate (0.41; p < 0.05). A weak signifi-
cant correlation was found between I-TAS and IKDC (0.3; p = 0.03). 
The ICC correlation was good 0.68 (95%CI 0.43-0.83).

Table II. Patient demographics.

Variables Validation Reliability
Patients 62 31

Gender M 50 27

Mean Age (years) ± SD 33 ± 11 30 ± 1

Range 17-57 17-53

Mean Follow-up ± SD 2 ± 1.3 years 18 ± 12 days

Range 1-7 years 7 -52 days

Time Injury to LCA-R (months) 17 ± 38 13 ± 25

Range (months) 0-232.57 2.11-129.46

SD: standard deviation.
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DISCUSSION
The most important finding of the present study was that 
the Italian version of the TAS was valid and reliable, and 
can be used in the Italian population to evaluate the level of 
sports condition after ACL-R.
The translation and adaptation of the TAS for an Italian 
context required some modifications because some sports 
on the original scale are not common in Italy.
The construct validity of the questionnaire was determined 
by comparing the I-TAS with selected outcome measures 
(the subscales of the SF-36 and the IKDC) which were 
already validated in Italian. A significant but low correla-
tion was found between I-TAS and IKDC, meaning all the 
other hypothesis were confirmed. Despite the low correla-
tion, the Bodily Pain subscale, which is part of the physi-
cal component of the SF-36, was also close to a statistically 
significant (p = 0.05) correlation with I-TAS even if Role 
Physical was not.

Spearman’s rank correlation coefficient of 0.41 between the 
I-TAS and the Physical Functioning domain of the SF-36 in 
our study was similar to that of Eshuis et al. (10) and other 
types of research using different patient-Reported Outcome 
Measures (PROMs):
• range from 0.24 (6) to 0.35 (5) for the Lysholm scale; 
• range from 0.22 (7) to 0.54 (6) for the International Knee 

Documentation Committee (IKDC);
• 0.4 for the Physical Activity Scale (8);
• 0.66 for the Marx Activity Rating Scale (9).
The correlation between I-TAS and IKDC in our study was 
lower than other research projects (10, 12) but similar to the 
investigation by Briggs et al. (7).
The test-retest reliability of 0.68 (95%CI 0.43-0.83) indicated 
good to excellent reliability: the estimate precision seems lower 
than other studies (7, 10-12) and this is probably due to the fact 
the ICC calculation has been affected by the presence of outli-
ers considering the small sample size of the reliability study.

Table III. Absolute values of all scores.

Scale Mean (SD) Maximum score
IKDC 80 ± 15 100

SF-36 Physical Function 94 ± 9 100

SF-36 Bodily Pain 88 ± 16 100

SF-36 Vitality 71 ± 17 100

SF-36 Role Emotional 87 ± 30 100

SF-36 Role Physical 92 ± 23 100

SF-36 Social Function 86 ± 15 100

SF-36 Mental Health 79 ± 14 100

SF-36 General Health 59 ± 13 100

SD: standard deviation; IKDC: International Knee Documentation Committee; SF-36 Medical Outcome Study Short-Form 36 Health Survey.

Table IV. Validity as measured by correlation between the I-TAS and the IKDC and different SF-36 subscales.

Scale Correlation with TAS P-value
IKDC 0.3 0.02
SF-36 Physical Function 0.41 0.001
SF-36 Bodily Pain 0.25 0.05

SF-36 Vitality 0.08 0.55

SF-36 Role Emotional -0.03 0.85

SF-36 Role Physical 0.06 0.64

SF-36 Social Function 0.001 0.99

SF-36 Mental Health 0.04 0.78

SF-36 General Health 0.02 0.87

SD: standard deviation; IKDC: International Knee Documentation Committee; SF-36 Medical Outcome Study Short-Form 36 Health Survey.
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The strength of this study is that the current sample is highly 
representative of the general Italian population as subjects 
have been recruited from centers from all over the country.
The clinical relevance of this study is that the proposed Ital-
ian version of the TAS is reliable and valid when compared 
to the English version. The use of the cross-culturally adapt-
ed Italian TAS may be considered as a means of evaluat-
ing clinical condition after LCA-R in clinical practice and 
research in the Italian population.

CONCLUSIONS
The Italian version of the Tegner Activity Scale proved to be 
equivalent to the original version in terms of its evaluative 
capacity, making it a valid instrument in the assessment of 
the level of sports activity among patients after knee surgery.
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SUMMARY
Background. Pinch  strength is a simple, affordable, and effective way to measure 
upper-limb function. The study aims to determine how anthropometric variables affect 
maximal pinch strength in normal individuals.
Methods. One hundred and eighteen participants were included in the study using 
non-probability, non-random convenience sampling technique. The pinch strength 
was measured three times in each participant with a gap of 5 s in each reading. The 
measurement was taken with elbow in 90-degree flexion and forearm in mid prona-
tion position. The data was then encoded in SPSS v25 for statistical analysis. Pearson’s 
correlation and Multiple linear regression analysis was performed on the data.
Results. A total sample 118 participants included 54 males (45.7%) and 65 female 
(55.1%) participants, with mean age of 23.19 (SD = 2.02) and mean weight of 64.24 kg 
(SD = 12.4). The mean pinch strength was 9.23 kg (SD = 3.9). The r-value of Pearson’s 
correlation between the max pinch strength and age, weight, height and BMI were 
negative 0.052 (p = 0.707), 0.576, 0.564, 0.384 (p < 0.01), respectively. The R-squared 
and adjusted R-squared value for the multiple linear regression model were 0.328 and 
0.327 respectively.
Conclusions. The maximal pinch strength is influenced by the basic anthropometric 
factors including weight, height, and BMI. The strongest indicator of pinch strength in 
normal persons is body weight.
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Anthropometry; Body Mass Index; hand strength; pinch strength; upper extremity. 
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INTRODUCTION
Normal physiological biomechanics rely heavily on the 
hands and arms. Daily activities involving the upper body 
include clothing, eating, drinking, driving, and doing 
office duties, among others. Thirty bones comprise the 
arm’s fundamental structure and serve as attachment 
sites for muscles, ligaments, and tendons (1). When these 

bones move together, they help us conduct all our daily 
actions (2).
Hand grip strength (HGS) is one of the most common 
measurements used to evaluate upper limb functions. This 
measure can be used to evaluate the total muscular strength 
and physical fitness of individuals (3). HGS is crucial in 
determining the efficacy of interventions that can improve 
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hand functioning after injury or illness. This outcome 
metric can predict postoperative morbidity and death (4). 
Better hand strength is directly related to greater mobili-
ty, fewer limitations, and the capacity to do daily activities 
with ease (5). 
There are multiple factors that influence the maximum grip 
strength. These can be divided into two different catego-
ries. They can be measurement-based factors such as the 
angle and position of the shoulder, elbow and wrist joint 
while measuring the grip strength (6), or as physiological 
factors, including muscle strength and anatomical struc-
tures of the hand and forearm (7, 8). 
Greater hand grip strength has been associated with larger 
bone size and greater bone strength in addition to higher 
bone mineral density (9). Anthropological studies relating to 
hand grip strength have shown that the maximum hand grip 
strength is associated with body weight, height, BMI, gender 
and age group (10). 
Numerous studies have demonstrated a correlation between 
hand grip strength and key anthropometric factors. Mohd 
Mukhtar Alam et al. have investigated the association 
between hand strength and fundamental anthropomet-
ric characteristics in a variety of research (11, 12). When 
evaluating hand strength, it is essential to mention pinch 
strength as well. Numerous studies have proven the link 
between HGS and PS under various settings (13). Howev-
er, comparatively a few research has examined the link 
between the basic anthropometric factors and pinch 
strength individually (14).
Similar to hand grip strength, pinch strength is a useful 
predictor of total upper limb functioning (15). In addition 
to shoulder, elbow, and wrist posture, the pinch strength 
also relies on the type of pinch performed. The principal 
techniques consist of tip pinch, lateral pinch, and three jaw 
pinches. Kelsey Walukonis et al. demonstrated in their paper 
that the maximum pinch strength readings for each style 
varied according to different reading style (16). 
Although much effort has been made to determining the 
optimal position of upper limb joints to achieve optimum 
pinch strength (17), relatively little is known about the influ-
ence of body anthropometric factors on maximal pinch 
strength. Therefore, the purpose of this study was to exam-
ine the effect of basic anthropometric parameters, including 
height, weight, and BMI, as well as age, on the maximal 
pinch strength of normal subjects.

MATERIALS AND METHODS
A total of 118 participants were selected for this cross-sec-
tional study using non-probability, non-random conve-
nience sampling technique. The parameters used for 

calculation of sample size were level of significance 5%, 
power of test 95%, and population standard deviation at 
3.4. Following formula was used to calculate the sample 
size n = σ 2 (z1 - α/2 + z1 - β)2 / (μ0 - μσ)

2.  The study 
was completed between April 2022 and June 2022. All the 
ethical considerations in accordance with the declaration 
of Helsinki were taken under consideration before the 
start of the study. In accordance with the inclusion crite-
ria, only participants between the ages of 18 and 55 who 
can perform daily activities with their upper limb with-
out the use of an assistive device and who have no known 
disorder or disease that could influence the results of the 
study were included in the data collection process. All 
the participants who did not fall in the above-mentioned 
inclusion criteria were excluded from the study. The 
exclusion criteria eliminated those with known musculo-
skeletal or neurological diseases, a history of trauma and a 
hand fracture within the last six months, as well as those 
over the age limit. 
The data collection was initiated after the ethical review 
(Institutional Review Board, Faculty of Allied Health 
Sciences, The University of Lahore) approved the ethi-
cal proposal of the study (IRB-UOL-FAHS/347/2022 – 
Date of approval: January 29, 2022). Data was collect-
ed using “Jammar Plus Pinch strength dynamometer”. 
The participants were informed about the study with 
its benefits and the role of their participation in it after 
which informed consent were signed by the partici-
pants for their voluntary participation in the study. For 
data collection purposes, the participants were asked 
about their demographic data including their names, 
age, profession, weight and height. The maximum 
pinch strength was measured in 90-degree elbow flex-
ion and wrist in mid-pronation position. Three differ-
ent measurements were taken with a gap of 5 seconds 
between each measurement (18). The measurements 
were recorded in terms of SI units (kg).
The collected was then encoded into SPSS v25 and statis-
tical test namely descriptive analysis including mean and 
standard deviation of all variables, multivariate linear 
regression along with Pearson’s correlation was applied. 
Normality of the sample was determined by the Shap-
iro-Wilk Normality Test. The multivariate linear regres-
sion included the model summary with R square values 
and the ANOVA table to determine the significance of the 
model summary of regression analysis. The level of confi-
dence was set at 95%. The coefficients were also analyzed 
in the regression analysis to determine the affect of one 
individual predictor on the outcome. In order to test the 
correlation between the predictors Pearson’s correlation 
was applied. 
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RESULTS
A total sample of 118 participants included 54 males (45.7%) 
and 65 female (55.1%) participants. The mean age of the 
participants included in the study was 23.19 (SD = 2.02), 
while the mean weight was 64.24 kg (SD = 12.4). The height 
was measured in SI units. The mean height of the sample was 
1.69 m (SD = 0.12). The mean of Body mass index (BMI) was 
22.11 (SD = 3.75). Shapiro-Wilk Normality Test was insignif-
icant at p = 0.66 at 95% confidence interval thus rejecting the 
null hypothesis for the normality of the sample size.
Pinch grip strength was measured in elbow flexion at 
90-degree flexion and forearm/wrist in mid-pronation posi-
tion. The average pinch strength of the three measurements 
of each participant was used for statistical analysis. The mean 
pinch strength was 9.23 kg (SD = 3.9). 
To find outliers in the data set used in the multiple linear 
regression the residual statistics was between the acceptable 
range -1.388 and +1.885. which showed that there were no 
outlier values present in the data set. The independence of 
variance was calculated by the Durbin-Watson test, the value 
calculated is 1.640 showing an acceptable independence of 
variance of variables. Multivariate linear regression model 
summary in table I shows that when predictors including age, 
weight, BMI and gender are taken in terms of a single set, the 
R squared value for such model is 0.378. In other words, a set 
of factors including age, weight, BMI, and gender accounts 
37.8% of the variation in the result of maximal pinch strength. 
ANOVA Test in table II shows that the R squared value is 
statistically significant (p < 0.05) and that the predictor set for 

this model has a statically significant variance for the depen-
dent variable. Therefore, proving that the Regression model 
is statistically significant. The overall regression model can be 
defined in the following equation; F(4,49) = 7.435, p < 0.001, 
R2 = 0.378.
Table III shows an interesting result. Although the predictors 
in the model set had statistically significant variance, when 
analyzed individually, none of the predictor was statically 
insignificant (p > 0.05). The standardized beta coefficient for 
the age, weight, height and BMI were 0.006, 1.37, -0.24 and 
-0.72, respectively. 
Pearson’s correlation coefficient for all the variables was calcu-
lated to observe the correlation of pinch strength (PS) with 
age, weight, height, and BMI. The greatest predictor of pinch 
strength was the body’s weight r = 0.576 (p = 0.01). Howev-
er, it was also found that the age was negatively correlated 
with the pinch strength (r = -0.052), but this correlation was 
statistically insignificant. The Pearson’s correlation between 
PS and age was r = -0.52 (p > 0.05), PS and weight was r = 
0.576 (p < 0.01), PS and height was r = 0.564 (p < 0.01), PS 
and BMI was r = 0.384 (p < 0.01).
Figure 1 shows a normally distributed histogram between 
dependent variable i.e., the pinch strength and the regression 
standardized values showing the normality of the data. Figure 
2 shows a normally distributed scatter plot between the stan-
dardized residual and the standardized predicted values. The 
P-value of Shapiro-Wilk test for standardized residual and 
standardized predicted value both was 0.389 which shows a 
normal distribution as p > 0.05.

Table II. ANOVA table for regression model.

ANOVA
Model Sum of Squares df Mean Square F Sig.

1
Regression 317.850 4 79.462 7.435 0.000b

Residual 523.727 49 10.688

Total 841.576 53
bPredictors: (Constant), Body Mass Index Score, Age, Height, Weight in Kg.

Table I. Model Summary for multivariate linear regression. 

Model Summary
Change Statistics

Model R R Square Adjusted 
R Square

Std. Error of 
the Estimate

R Square  
Change F Change df1 df2 Sig.  

F Change Durbin-Watson

1 0.615a 0.378 0.327 3.26930 0.378 7.435 4 49 0.000 1.640
aPredictors: (Constant), Body Mass Index Score, Age, Height, Weight in Kg.
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purpose, the pinch strength was measured with an elbow in 
a 90-degree flexed position and a forearm in a mid-pronation 
position. This position has been used in different previous 
studies showing that the elbow position significantly affects 
the pinch strength. Mathiowetz et al. conducted their study 
and concluded that the maximum strength was observed 
with an elbow in flexion as compared to PS with elbow exten-
sion (19). El-gohary et al. also studied hand grip strength and 
pinch strength and used the same elbow and forearm position 
while recording the measurements (17). However, there is a 
lot of literature on what joint position is best for maximum 
pinch strength, but much of it is 12-15 years old, making the 
conclusions drawn from these studies doubtful.
The results of the Pearson’s correlation showed that the PS 
had a statistically significant and positive correlation with 
the weight (p < 0.01), height (p < 0.01) and BMI (p = 0.004). 
This proved that with the increase in the sample’s weight, 
height, and BMI, the pinch strength also increased. These 
results are in accordance with the previous literature (20). 
Study by Ming-Hsun Lin et al. found positive correlation 
between the body weight and grip strength (p < 0.01) which 
is in accordance with the results of our study. Ming et al. 
also concluded in their study that people with higher grip 
strength had higher body weight but low waist circumfer-
ence as compared to those with higher body weight and 
higher waist circumference. This provides another insight 
on how multiple anthropometric variables when discussed 
as a set might have impact on the outcome grip strength (21).
However, Pearson’s correlation for age showed that there 
was a negative correlation between age and the pinch 
strength. This measurement was statistically insignificant, 
which could be attributed to the fact that recent research 
has demonstrated that the effects of ageing on the musculo-
skeletal system begin in middle age (22). As our sample size 
included a young population with a mean age of 23.19 years, 
the age-related influence on the pinch strength is statistical-
ly insignificant. This can be justified by analyzing the study 
done by Heidi C. Crow et al. and Petrofsky, J.S. et al., who 

Figure 1. Histogram for regression analysis of the sample.

Table III. Coefficients table for the regression model.

Coefficientsa

            Model
Unstandardized Coefficients Standardized Coefficients

t Sig.B Std. Error Beta

1

Constant 18.454 46.249 0.399 0.692

Age 0.011 0.233 0.006 0.047 0.962

Weight in Kg 0.333 0.347 1.375 0.958 0.343

Height -2.523 8.045 -0.245 -0.314 0.755

Body Mass Index Score -0.762 1.056 -0.717 -0.722 0.474
aDependent Variable: Right Hand PS in elbow flexion with forearm in mid-pronation.

Figure 2. Scatter Plot for regression analysis standardized 
residual and predicted values.
y = 2.56E - 15 + 8.59E - 16 × x.

DISCUSSION
The study aimed to investigate the influence of major anthro-
pometric variables namely height, weight and BMI on the 
maximum pinch strength of normal individuals. For this 
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in their studies found statistically significant difference in 
grip strength as a result of aging (23). However, Shaheen et 
al. in their study found a positive correlation between pinch 
strength and age (p < 0.05) and concluded that age was a 
significant predictor of the pinch strength across different 
age groups (24). Ameline Bardo et al. have studies that effect 
of anthropometric variables on pinch strength as well as on 
the dextrality of the hand. Our assumption from the results 
derived from our study was that the age was negatively asso-
ciated with the maximal pinch strength, however Ameline 
Bardo et al. found that there was no significant (p > 0.05) 
difference of maximal pinch strength among the age groups 
of their study sample. They also found that across all the ages 
the maximal pinch strength was in males as compared to 
females providing gender as another strong variable effect-
ing the maximal pinch strength in healthy individuals (14).
The quality of multiple linear regression model was checked 
by different assumptions. The outliers were determined by 
the standardized residual value which was, between -1.38 
and +1.38, well under the threshold levels of -3.29 to +3.29. 
The linearity and the homoscedasticity assumptions were 
also fulfilled with a linear scatter plot as there was no rela-
tionship between the residuals and the dependent value’s 
predicted value (figure 2). The Durbin Watson test was 
applied to fulfil the assumption of independence of obser-
vation. The value for this test was 1.640. The value for the 
Durbin Watson test need to be greater than 1.5 and less 
than 2.5 to fulfill this assumption (25). The results of the 
multiple linear regression showed that the R square value 
was 0.378 while that of the R square adjusted was 0.327. As 
our model included multiple variables therefore R squared 
adjusted was considered in results. The general rule of 
thumb suggests that value R squared adjusted above 0.25 
is considered as moderately acceptable correlation. This 
means that weight, height and BMI from our model were 
correlated with the pinch strength (26). The obtained value 
of determination of coefficient that the independent vari-
ables included in our model (weight, height and BMI) could 
justify about 37% of the change in the pinch strength of the 
healthy young individuals. The recent studies done on grip 
strength are in accordance with the results of our study (12).

The study, like many others, has its limitations which may 
pave the way for future studies. Our study is the first of 
its kind to discuss the effect of basic anthropometric vari-
ables on the pinch strength. Future studies can be done to 
observe the influence of specialized anthropometric vari-
ables on pinch strength. The sample size was limited and 
was targeted only toward young individuals therefore, the 
aging factor was not discussed. Clinically the results of our 
study can provide a better understanding of the anthropo-
metric variables such as height, weight and BMI and their 
influence on body functioning which can have positive 
impact on patient.

CONCLUSIONS
The fundamental anthropometric factors, including weight, 
height, and BMI, have an effect on maximal pinch strength, 
with body weight being the best predictor of pinch strength 
in healthy persons.
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SUMMARY
Background. According to the Anatomy trains theory, different parts of myofascial 
tissue are connected by meridians. Many studies based on anatomy trains theory 
have examined the remote effects of myofascial release techniques. This study aimed 
to systematically review and evaluate the therapeutic efficacy of remote myofascial 
techniques.
Methods. We used all English papers published in electronic databases including 
PubMed, Scopus, and Web of Science from 2000 to February 2022 using the follow-
ing keywords: “remote myofascial release”, “remote release”, “anatomy trains”, “line 
structures myofascial release”, “myofascial chains”, and “fascial meridians release”. 
The articles directly related to the remote effects of myofascial release were selected to 
review. The PEDro scale was used to assess the quality of these trials. 
Results. 5 randomized controlled trials were selected for our review. Randomized clin-
ical trials that studied the comparative effect of remote myofascial release techniques 
with different methods, control/sham, and other soft tissue release techniques like 
stretching were included. This review showed little evidence proving the additional 
effectiveness of remote myofascial release technique treatment.
Conclusions. Myofascial release is a good technique to increase flexibility. However, 
further studies are recommended to evaluate the effect of myofascial release techniques 
in patients with musculoskeletal problems by examining more outcome variables.

KEY WORDS
Remote myofascial release; myofascial chain; anatomy trains; systematic review; superfi-
cial backline.
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INTRODUCTION
Studies have shown that the forces produced by muscles 
are not entirely transmitted to their tendons; they are trans-
mitted to muscle tissue and the surrounding tissue, such as 
myofascial pathways (1-3). The myofascial pathways allow 
the forces produced by the muscles to be sent to extra-mus-
cular structures that are not directly related to that muscle 
(4). Myofascial tissue is the part of the body that distributes 
and transmits forces and plays a crucial role in movement 
coordination and joint stability by having pain nocicep-
tors and proprioception receptors (5-8). There is growing 
evidence of a link between body organs, suggesting that 
musculoskeletal structures and fascia tissue forms an inte-
grated system in the distribution and transmission of forc-

es (9, 10). The connection and expansion of myofascial 
tissue in different parts of the body and its effect on remote 
areas have been confirmed in several studies (9, 11-13). 
Many years ago, Gracovetsky showed that the central 
nervous system attempts to regulate muscle activity to mini-
mize spine and joint tensions. According to his theory, the 
muscles should act as an integrated system and intercon-
nected and integrated network; the myofascial system can 
provide these connections (14-17).
By developing the “Anatomy Trains” theory, Myers intro-
duced muscles, joints, and fascia tissue as a complex and 
interconnected structure that could transmit forces to 
remote regions (18). This theory uses myofascial pathways 
to force transmission (18, 19). Various manual therapy tech-
niques can affect myofascial tissue. However, myofascial 
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release (MFR) by applying direct pressure to this tissue can 
have a significant and influential effect on the structures of 
myofascial tissue (20, 21). Myofascial release has biome-
chanical and biochemical effects on reducing pain, increas-
ing flexibility, and improving tissue stiffness and func-
tions (22-24).
In many cases, it is not possible to perform myofascial tech-
niques in the position of pain or dysfunction, due to surgery, 
skeletal disorders, etc. In these cases, remote treatments can 
be an alternative therapy. Several studies have examined 
the effects of remote myofascial release therapies. Howev-
er, there is no systematic review to summarize the results in 
this field. The present study aimed to systematically review 
and evaluate the effectiveness of remote myofascial release 
techniques.

MATERIALS AND METHODS
Search strategy
Three electronic databases, Scopus (title/abstract/keyword), 
PubMed (title/abstract), and Web of Science (topic), were 
searched for articles with titles and or abstracts containing 
one or more of our keywords which published on January 
01, 2000, to February 01, 2022. The keywords were “remote 
myofascial release”, “remote release”, “anatomy trains”, 
“line structures myofascial release”, “myofascial chains”, 
and “fascial meridians release”. The titles and abstracts 
were used to identify the studies using specifically remote 
myofascial release as a treatment modality. Duplicate papers 
were checked and removed.

Study selection
The method of selection studies followed the proposed 
guidelines for conducting systematic reviews (25). Full texts 
of English papers were included if the remote myofascial 
release techniques were their therapeutic intervention. 

Inclusion/exclusion criteria

Type of studies
All published randomized clinical trials (RCTs) in the 
English language that reported the effect of remote myofas-
cial release were included in this systematic review. All 
selected studies must have at least one control group receiv-
ing sham MFR, exercise, massage, or no intervention.

Type of participants
All patients with musculoskeletal disorders and healthy 
individuals with muscle shortness were considered inclu-
sion criteria for this systematic review. Also, there were no 
specific age or gender restrictions for participants.

Type of intervention
The authors included all the trials that examined the effects 
of remote myofascial release techniques. Stretching tech-
niques and other manual therapy methods that directly 
impacted muscle tissue and joints (such as muscle energy 
techniques, mobilization, etc.) did not enter the system-
atic review.

Outcome measurements
Any type of outcome measurement was accepted for the 
current study.

Screening and data extraction
Two authors listed the relevant publications independently 
by endnote 8X software. Alpha equal to or less than 0.05 
was considered a level of significance. The qualified stud-
ies were selected for full-text screening and extracting the 
information such as the name of the first author, year of 
publication, patients’ characteristics (sample size, gender, 
and age of the participants), characteristics of the interven-
tion and control groups, primary and secondary outcomes, 
and results of studies.

Quality assessment of studies
Studies quality score was assessed by 2 independent 
authors using the PEDro scale. This is a valid 11-item scale 
commonly used to assess the methodological quality of clin-
ical trials involving physiotherapeutic interventions (26). 
Two researchers read the selected full texts independent-
ly, appraised them critically, and scored their quality based 
on the PEDro quality assessment tool (23, 24). The authors 
discussed any disagreement, and a final quality score 
was obtained.

RESULTS
Eighty-four abstracts were identified based on the keywords 
and the selected international databases. After the initial 
review, eight potentially relevant abstracts were selected 
to be fully retrieved. Finally, five studies were selected by 
two separate researchers according to the exact correspon-
dence with the subject. A total of 79 studies did not meet 
the inclusion and exclusion criteria and were excluded from 
our study. One of the most important exclusion criteria was 
the existence of other interventions (such as stretching exer-
cises and muscle energy techniques) and the evaluation of 
their therapeutic effects, which was not consistent with the 
purpose of the present study (11, 27). Finally, five manu-
scripts were selected for our study, and no other research 
was included by hand search. The search flowchart for stud-
ies and how to select them is shown in figure 1.
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Quality of the selected studies
The PEDro scale reviewed the studies. The results and 
details of the study are shown in table I. Pedro scores for 
the reviewed articles ranged from 5 to 9, and none of the 
articles scored less than 5.

Characteristics of the selected studies
A summary of the methodological properties of included 
studies is presented in table II. All studies fully stated the 
inclusion criteria and performed between-group change 
analyses. All manuscripts performed random distribu-
tion of participants. Baseline variables were also reported 
in all studies. Depending on the type of intervention, the 
blinding of the participants and the therapists were not easy; 
however, three studies used blind-outcome measurements 
(13, 24, 28). One study compared the effects of SMFR with 
stretch (13). The control group received no intervention 
in two trials (24, 29). One study used sham treatment as a 
control group (30). Moreover, one study used both sham 
and control groups (28).

MFR procedure of the selected studies
Three studies used the Self-myofascial release (SMFR) by 
foam roller and or tennis ball (24, 29, 30). In one study, 
a therapist performed the MFR (28). Moreover, in one 
study, both SMFR and MFR were used by the therapist 

Figure 1. Flowchart for the identification of the eligible stud-
ies evaluating the effect of Remote-MFR.

Table I. Quality assessment of included articles based on PEDro scale.

Item Study ID

Grieve 
et al. (22)

Joshi et al. (11) Do et al. (26) Cathcart 
et al. (27)

Fauris 
et al. (28)

Eligibility criteria specification Yes Yes Yes Yes Yes

Proper random allocation Yes Yes Yes Yes Yes

Allocation concealment Yes No No No Yes

Groups similarity at baseline No Yes No Yes Yes

Subjects blinding No No No Yes No

Therapists blinding No No No Yes Yes

Assessor blinding Yes Yes No Yes Yes

Outcome measure obtaining from 85% 
subjects initially allocated to groups

Yes Yes Yes Yes Yes

Use of intention to treat analysis Yes Yes No No Yes

Reporting between-group statistical 
comparisons

Yes Yes Yes Yes No

Reporting point measures and measures of 
variability

Yes Yes Yes Yes Yes

Total 8 8 5 9 9
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were performed (13). Also, in all studies, MFR techniques 
were performed on the superficial back line (SBL) region, 
and the effects of the techniques on the remote area were 
investigated.

Outcome measures and results
In all studies, hamstring and lumbar flexibility were consid-
ered as outcome measures. Three studies used the Sit and 
Reach test (SRT) (13, 24, 29). One study used toe-touch 
and passive SLR tests to evaluate hamstring flexibility (30). 
Moreover, in one study, a digital inclinometer examined the 
range of motion of the upper spine and lower limbs and the 
amplitude of pain pressure threshold in the tibialis anterior 
muscle and the erector spine muscles at levels T10 and C7 
was also examined (28).
Grieve and Do, in their studies, examined the effect of bilat-
eral SMFR on the plantar fascia, the hamstring, and lumbar 
flexibility in 24 and 31 healthy individuals. Both studies 
showed a significant increase (p = 0.03; p ≤ 0.05) in the flex-

ibility of these areas in the SMFR group compared to the 
control group. 
Do et al. compared the baseline variables with passive 
SLR and Toe-Touch test, but no significant difference 
was observed between the SMFR and control groups. 
Immediately after plantar fascia SMFR, the results of 
the mentioned tests were examined in the two groups. 
The results of the Toe-Touch test in the SMFR group 
improved significantly (17.88 to 13.22, p = 0.05), and the 
results of the passive SLR test in both legs showed a signif-
icant increase (Left 45.60 to 54.13, p ≤ 0.05 and Right 
45.27 to 53.73, p ≤ 0.05). However, no significant change 
was observed in the control group that did not receive the 
intervention (p ≥ 0.05) (30).
In the study of Grieve et al., despite the difference in the 
initial variables (21.5 cm and 17.92 cm) in SRT between  
SMFR and control groups, this difference was not statis-
tically significant (p = 0.43). Immediately after the plan-
tar fascia SMFR, the SRT was performed. The results of 

Table II. Characteristics and data of the included studies.

Authors No. of subjects Types of MFR Control/ 
Comparison 

Group

Treatment 
area

Remote area 
to be assessed

Outcome
measures Results

Grieve 
et al. (22)

24 healthy Self-MFR 
(Tennis ball)

Inactive control Plantar 
fascia (SBL)

Hamstring 
and lumbar

Sit and 
reach test

Hamstring & 
lumbar flexibility 

increased in 
SMFR group

Joshi 
et al. (11)

58 
asymptomatic

MFR/Self-MFR 
(Tennis ball)

Static stretch Plantar 
fascia and 

Suboccipital 
muscles (SBL)

Hamstring,
lumbar,

and knee

Sit and reach 
test- Passive

knee
extension

test

Both MFR 
and static 

stretch were 
effective-MFR
significantly

effective than
SMFR

Do 
et al. (28)

31 healthy Self-MFR 
(Foam roller)

Passive ankle 
mobilization

Plantar 
fascia (SBL)

Hamstring
and lumbar

Toe touch
test-passive

SLR

Hamstring
and lumbar
flexibility

increased in
SMFR group

Cathcart 
et al. (26)

12 healthy MFR Inactive control Thoracic 
erector spinae 

muscles-T6 
to T12 (SBL)

Lower limb 
and cervical

Digit 
inclinometer-

digit 
algometer-ECG

ROM and PPT
improved
after MFR

Fauris 
et al. (27)

94 healthy Self-MFR 
(Foam roller)

Inactive control Plantar/calf/
lumbar and 
epicranial 

fascia

Hamstring
and ankle

Sit and reach 
test- Lunge test

Hamstring
and lumbar
flexibility

increased in
SMFR group
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the ANCOVA test showed significant changes between 
groups (F = 5.51, p = 0.03); the study had a large effect 
size (partial eta squared = 0.21) (24) according to Cohen’s 
study (31).
Joshi et al. divided 58 participants whose hamstring tight-
ness was confirmed (by passive knee extension angle ≥ 
20 degrees) into three groups. The first group performed 
remote MFR (plantar and suboccipital fascia), the second 
group performed static stretch, and the third group 
performed both interventions for seven sessions in ten days. 
Also, after completing the interventions, SMFR and self 
stretch taught the participants to perform for two weeks. 
Participants underwent three stages of evaluation (passive 
knee ext and SRT): 1) starting the study, 2) after the seventh 
session, and 3) after two weeks of self-intervention. Analysis 
of baseline variables did not show a significant difference 
between treatment groups. Repeated measure ANOVA test 
showed a significant improvement in the SRT in the thera-
pist-administered techniques across all three groups, where-
as, in the self-administration of techniques, only the MFR 
group and MFR and static stretch have shown significant 
change. Additionally, there was a significant improvement 
from baseline to post-therapist-administered intervention in 
the passive knee extension test, but no improvement in the 
participant-performed techniques (13).
Cathcart et al. conducted a randomized triple-blind, cross-
over study. Twelve healthy individuals into counterbal-
anced sequences of three conditions, a control, a sham, and 
the MFR, were included in their repeated-measure study. 
The therapist performed MFR in areas T6 to T12. The 
duration of the technique was 120 to 300 seconds and was 
done according to previous studies (23). Also, the control 
group did not receive any intervention, and the sham 
group included manipulation without applying pressure on 
the ribs. For randomization, participants were assigned to 
their intervention group sequence which was selected on 
the basis of six possible sequence combinations in order 
to balance any order effects: [1, 2, 3]; [1, 3, 2]; [2,1, 3]; [2, 
3, 1]; [3,1, 2]; [3, 2, 1]. To do this, the second research-
er randomly allocated each participant into one of the six 
sequences via a computer randomized number genera-
tor (32). The outcomes measurement tools were a digital 
inclinometer was used to measure the range of motion of 
the upper spine (above T6) and lower limbs (below S2). 
Pain pressure threshold (PPT) (at tibialis anterior, T10, 
and C7 sections) and interoceptive sensitivity (IS) were 
also other outcome measures tools of the study. ANOVA 
test results showed significant increases in ROM and PPT 
(both local and distal) post MFR intervention. There was 
also a positive correlation between baseline IS and post-
MFR ROM and a negative correlation between baseline 

IS and post-MRF PPT. IS did increase post-MFR, but this 
was non-significant. Findings concluded that the MFR may 
have caused a biomechanical change in tissue elasticity and 
increased tissue flexibility. The increase in both local and 
distal sites of the PPT suggests an overall systemic response 
to the therapy (28).
In the Fauris et al.’s study, 94 volunteers were randomly 
assigned to a control group or one of the five intervention 
groups. In the intervention groups, SMR was applied to one 
of the five segments of the SBL (plantar fascia, posterior 
part of the sural fascia, posterior part of the crural fascia, 
lumbar fascia, and epicranial aponeurosis) for 10 minutes. 
The analyzed variables were hamstring flexibility at 30 s, 2, 
5, and 10 min, and dorsiflexion range of motion before and 
after the intervention. Baseline variables were not signifi-
cantly different (p ≥ 0.05).
The results of SRT (for hamstring flexibility) and lunge test 
(for ankle dorsiflexion) significantly improved when SMFR 
was performed on SBL segments. The intervention group 
improved 5.22 cm, while the control group improved 2.93 
cm in SRT. The segments with the greatest effect were the 
posterior part of the sural fascia when the intervention was 
brief (30 s to 2 min) or the posterior part of the crural fascia 
when the intervention was longer (5 or 10 min). In general, 
50% of the flexibility gain was obtained during the first 2 
min of SMFR. Findings demonstrated that the SBL could 
be considered a functional structure, as applying SMFR on 
any of its component segments improved hamstring flexibil-
ity and ankle dorsiflexion (29).

DISCUSSION
This study was designed as a systematic review to eval-
uate the effects of Myofascial Release (MFR) performed 
along with Superficial Back Line structures and compare 
it with other techniques. Five manuscripts met our inclu-
sion criteria, including 129 healthy participants. The prima-
ry outcome variable was flexibility in all studies; however, 
one study also examined the pain pressure threshold, and 
the superficial back line was considered the target tissue for 
remote MFR, and in all trials, the remote effects of MFR 
were examined. All study participants were healthy (asymp-
tomatic) and individuals over 18 years of age. The Pedro 
scale was also used to rank the methodological quality of the 
studies, all of which received well scores, and none of them 
were of poor quality. In 4 present studies in our systematic 
review, the effect of MFR of the SBL compared with the 
sham group and the inactive control group was investigated, 
all of which favored the MFR group. In these studies, more 
attention has been paid to the thoracolumbar fascia as an 
important part of SBL (33).
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In one study, the MFR group was compared to a static stretch 
group and the combined group of static stretch and MFR. 
The results showed that the flexibility improvement in all 
three groups was statistically significant, but the group that 
received a combination of the two techniques demonstrated 
additional benefits. Also, the effects of MFR performed by 
a therapist were compared with SMFR. The results showed 
that MFR by the therapist is more effective than SMFR.
In addition to examining the ROM, one study also exam-
ined the pain pressure threshold (PPT) and interception 
sensitivity (IS) as outcome variables. The results showed 
that following MFR, ROM and PPT increased significantly 
compared to the control and sham groups. The amount of 
IS was also increased, but this increase was not statistically 
significant.
We could clearly find that MFR had more and/or equal 
effects than other trial methods. Also, examining the effects 
of MFR on the SBL shows the undoubted effects on increas-
ing the flexibility and ROM of different parts of the SBL. 
The findings confirm that the MFR techniques are reli-
able in improving the flexibility of individuals and can 
improve ROM. It should be noted that improving flexibil-
ity and increasing the optimal ROM are important factors 
in preventing musculoskeletal injuries as well as reducing 
stress on the joints (34).
However, there is still a lack of strong consensus about 
remote MFR efficacy, as the number of studies we included 
was small. Further studies are needed to overcome limita-
tions with the following recommendations. First, more 
RCTs with enlarged sample sizes that compared the effect 
of remote MFR with other interventions (such as PNF, other 
manual therapy techniques, electrotherapy, etc.). Second, 
studies should pay more attention to study design, use sham 
MFR, and perform blinding, allocation concealment, prop-
er randomization, and proper statistical analysis. Moreover, 
explaining the complete procedure of the MFR methods 
is very important. Third, we need more studies evaluating 
the efficacy of remote MFR. Fourth, objective outcome 
measures such as electromyography evaluation, pain sever-
ity, elastic modulus coefficiency, and myofascial thickness 
should be assessed. Fifth, in all studies, participants were 
healthy and asymptomatic individuals. It is recommended 
that the effects of remote MFR on patients with musculo-
skeletal disorders such as low back pain, neck pain, etc., be 
examined. Sixth, in most studies, the self-MFR technique 

was used, and less attention was paid to the implementa-
tion of MFR by the therapist. Due to the possibility of not 
performing the self-MFR correctly in terms of the pres-
sure applied to the tissue, the duration of the intervention, 
and the exact area of the technique. Seventh, in the pres-
ent studies, only the SBL has been studied to investigate the 
effects of remote MFR. It is recommended that the effects 
of remote MFR on other myofascial meridians be examined. 
Eighth, in the studies studied, Sit and Reach and Toe touch 
tests were used to examine the flexibility, which gener-
ally examines the flexibility of the lumbar region and the 
hamstrings (35, 36). It is recommended to use more special-
ized tests for each area to check the flexibility of the lumbar 
and hamstring area.

CONCLUSIONS
In summary, few available relevant evidence cautiously 
suggested that the remote MFR techniques (performed on 
the superficial backline) can effectively improve the flexi-
bility in healthy individuals. The limited number of eligible 
studies and lack of applied MFR techniques did not let the 
authors provide a meta-analysis to clarify better.
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SUMMARY
Background. Migraine is one of the most important causes of disability worldwide 
and is a frequently accompanied by neck pain. The aim of this study was to evaluate 
the effect of upper cervical manual therapy (MT) on headache characteristics, central 
sensitization (CS) and disability in subjects with migraine and neck pain. 
Methods. 30 subjects with migraine and neck pain (30 female, mean age 43.10 ± 
8.13) were randomly assigned to MT group (MTG), sham MT group (SMTG), and 
a control group (CG). Central sensitization inventory (CSI) score, disability indices 
including neck disability index (NDI) and Headache Impact Test (HIT-6), headache 
characteristics, and medication use were evaluated in all subjects pre and post inter-
vention. Subjects in the MTG and SMTG received either 4 sessions of MT or sham 
MT. Subjects in the CG received medication only. 
Results. Subjects in the MTG had a significant reduction in headache characteristics, 
medication use, CSI score, and disability indices (p < 0.05). CSI score was positively 
correlated with headache days, headache duration, and NDI score (p < 0.05). 
Conclusions. Upper cervical MT have beneficial effects on headache symptoms, 
disability, and CSI score in subjects with migraine and neck pain. The result of this 
study suggests that MT may be a useful component in the multimodal management 
of migraine. 
Study registration. The trial design was registered in the Iranian Registry of Clinical 
Trial (IRCT ID: IRCT20160621028567N2, url: https://www.irct.ir/) before the first 
patient was enrolled.
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INTRODUCTION
Headache is one of the most common, disabling, and recur-
rent disease (1), with a prevalence estimate of 47% in the 
global population (2). Migraine is classified as a form of 
primary headache (3) which affects one in six adults over 
a 3-month period (4). According to the Global Burden of 

Disease, migraine is ranked second in the causes of disabil-
ity (5, 6), which is associated with substantial healthcare 
resource utilization and costs (7). Migraine is an important 
reason for absenteeism at work or school (8, 9).
Neck pain is a frequent accompaniment to migraine (10), 
which can be explained by convergence of trigeminal and 
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upper cervical neurons in the trigeminocervical complex 
(TCC) (11). The prevalence of neck pain is reported 
as much as 80% (10-13) and occurs in all stages of the 
migraine attack, but particularly during the headache 
phase (10). The presence of neck pain is associated with 
more severe headache symptoms (14).
Central sensitization (CS) is a feature of migraine and may 
be associated with the development of neck pain (12). CS 
develops through chronic nociceptive input to the central 
nervous system and, consequently, enhance the function of 
neurons and nociceptive pathways. Features of CS include 
widespread and diffuse pain, allodynia and hypersensitiv-
ity of the senses. Increased neuronal activity may occur in 
the brainstem, thalamus as well as somatosensory cortex 
(15). It has been shown that subjects with migraine were 
3 times more likely to have CS (16) and it is assumed that 
migraine is one of the key components in central sensi-
tivity syndromes. Despite its heavy burden on disability, 
the treatment of migraine remains inadequate (16). Assess-
ment and consequent appropriate management of CS in 
migraine may provide a new approach in improving treat-
ment outcomes. The level of CS may also be considered as 
a marker for treatment responsiveness in subjects receiving 
treatment for migraine (16).  
Many treatments have been proposed for migraine, one of 
which is manual therapy (MT), possibly due to the high 
prevalence of neck pain in this condition. MT is an alter-
native and complementary intervention which has been 
used in the management of recurrent migraine headaches 
(17). Articular mobilization techniques of MT refer to low 
velocity and moderate to high amplitude joint movements 
(18, 19), which contrast to high velocity manipulation tech-
niques. Mobilization of the upper cervical spine has a posi-
tive effect on the inhibitory systems in the spinal cord and 
can modulate nociception and decrease sensitization (20, 
21). Numerous studies show improvement in headache 
characteristics as well as disability following MT (22-26).
Increasing function and reducing disability associated 
with migraine attacks are some of the main goals in the 
management of migraine (27). Disability can be evaluat-
ed using questionnaires and are beneficial in research and 
clinical settings (20, 28). One study revealed the relation-
ship between headache-related disability and healthcare 
costs (7). Therefore, detailed measurement of disability 
is important and could be effective in reducing health-
care costs. 
A multidisciplinary approach (incorporating MT when 
neck pain is present) to the management of migraine seems 
logical particularly in those with high levels of disability 
and associated CS. However, the effect that MT has on 
people with migraine and neck pain is poorly understood. 

The aim of this study was to evaluate the effect of MT 
on headache characteristics, medication intake, CS, and 
disability indices in subjects with migraine and neck pain. 

MATERIALS AND METHODS

Participants
Thirty participants diagnosed with migraine and neck pain 
were recruited in this study. Diagnosis was according to 
ICDH-3 criteria. Subjects with migraine and neck pain 
were referred from the Headache Clinic, Sina University 
Hospital, Tehran, Iran. Participants were aged between 18 
and 50 years (29) with neck disability index (NDI) score 
of more than 30% (30, 31). Headache frequency was at 
least 3 attacks per month and prophylactic medication was 
unaltered in the previous two months. Subjects with other 
types of primary or secondary headache, rheumatologic 
diseases, signs of cervical arterial insufficiency, and insta-
bility of the cervical spine were excluded from the study.
The study was conducted in accordance with institution-
al and international (Declaration of Helsinki) standards. 
All stages of the study were approved by the Research 
Ethics Committee at Tarbiat Modares University (approv-
al ID: IR.MODARES.REC.1399.120 – Date of approval: 
November 09, 2020).

Study design
This randomized controlled trial was carried out at Sina 
University Hospital. The participants were randomly allo-
cated by sealed envelope method into one of 3 groups: 
MT group (MTG) (n = 10), sham MT group (SMTG) (n 
= 10), and control group (CG) (n = 10). Participants in all 
groups received the same drug regimen and were asked to 
not change their prophylactic or abortive drugs during the 
study period. Participants in the MTG received 4 sessions 
of MT to the upper cervical spine. Subjects in the SMTG 
received 4 sessions of sham MT to the upper cervical 
spine. Participants in the CG received medication only. All 
assessments were taken prior to and ten days following the 
first intervention session.

Randomization, blinding, and masking
An investigator blind to group allocation performed the 
assessments and statistical analysis. Randomized alloca-
tion was achieved by the sealed opaque envelope method 
containing group names after primary assessment. 

Interventions
All participants were examined for potential contraindi-
cations for upper cervical MT (9, 32) including potential 



179Muscles, Ligaments and Tendons Journal 2023;13 (1)

Mehdi Jafari, farid BahrpeyMa, Mansoureh Togha, eT al.

cervical artery defects or cervical spine instability (9, 33). 
No participant was excluded for this reason. MT and sham 
MT interventions were performed by an expert physio-
therapist with more than 10 years of clinical experience in 
the use of upper cervical MT. 
For the MT intervention, the patients lay supine. The 
physiotherapist applied 1) central postero-anterior mobi-
lization force, 2) unilateral postero-anterior mobilization 
force, and 3) unilateral transverse force to each side. All 
three techniques were non-thrust oscillatory force at 1-2 
Hz applied to the vertebral levels of C1, C2, and C3 verte-
brae for 30 seconds per level, ensuring to not provoke 
headache symptoms during the intervention (34, 35). 
For the sham MT, the physiotherapist’s hand had a broad 
non-specific contact with the subject’s neck and back of 
the head (36), and no force other than hand contact was 
applied to the vertebrae.
Both the real and sham MT were applied for the same dura-
tion and repeated 6 times within each session. The MT and 
sham MT interventions were performed on 4 sessions with 
a one-day interval between each session.

Main outcome measures
A form was given to the participants to record head-
ache characteristics by measuring headache days, head-
ache-free days, headache duration, and headache intensi-
ty. The medication intake was recorded through the same 
form (37).
The six-item Headache Impact Test (HIT-6) was used to 
assess baseline and monitor change in headache (38, 39). 
The HIT-6 shows good validity and reliability (38). Neck 
disability was evaluated using the NDI, which is a valid 
tool for measuring perceived disability associated with 
neck pain (40). The NDI is a condition specific disability 
measure (41) based on the Oswestry disability index (42). 
Central Sensitization Inventory (CSI) (43) was used as 
a proxy for CS and is based on the patient’s report. The 
CSI score was measured using the validated and reliable 
Persian version of the CSI (44).

Statistics
Statistical analysis was performed using IBM SPSS Statis-
tics 22 (IBM, US). The Kolmogorov-Smirnov test was 
used to determine a normal distribution (p > 0.050). Base-
line demographic, disability, and headache characteristics 
of the participants were analyzed using one-way analy-
sis of variance (ANOVA). Between-group change scores 
were compared using ANOVA and Bonferroni’s method 
as a post-hoc. Pearson correlation coefficient was used to 
extract relationship between variables.  Statistical signifi-
cance was set to p < 0.05.

Sample size calculation
To determine the necessary sample size for this study, the mean 
and standard deviation of headache intensity variable obtained 
from our previous study (45), was used. The mean of this vari-
able (and standard deviation) before and after intervention 
was 6.29 (1.30) and 3.85 (1.95), respectively. Using the confi-
dence interval of 95% and test power of 80%, the number of 
subjects required was 8 in each group. To account for poten-
tial dropouts, 10 subjects were included in each group.

RESULTS

Participants
A total of 66 participants were recruited for potential inclu-
sion, with 36 excluded due to not meeting inclusion or not 
willing to participate in the study. Consequently, 30 subjects 
(30 female, mean age 43.10 ± 8.13 years) were random-
ly allocated to MTG, SMTG, and CG (figure 1). Baseline 
demographic, disability, and headache characteristics of the 
participants are presented in table I. There were no signifi-
cant differences between groups at baseline for any variable.

Headache characteristics and medication use
Participants in the MTG showed a significant reduction in 
headache intensity, duration, and days (p < 0.05) compared 
to the other 2 groups. Additionally, there was a significant 

Figure 1. Flow diagram.

reduction in medication use in the MTG compared to the 
other 2 groups (p < 0.05) (table II).
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Table I. Baseline demographic and headache characteristics.

Variables MTG (n = 10) SMTG (n = 10) CG (n = 10) P-value
Age (years) 43.10 ± 2.64 43.10 ± 2.64 38.80 ± 3.56 0.509

Gender 10 females 10 females 10 females -

Weight (Kg) 68.10 ± 3.79 68.10 ± 3.79 70.60 ± 2.93 0.847

Height (m) 1.64 ± 0.02 1.64 ± 0.02 1.68 ± 0.02 0.511

BMI (Kg/m2) 25.19 ± 1.52 25.19 ± 1.52 24.78 ± 0.52 0.952

Years lived with 
headache (years)

14.36 ± 2.67 14.36 ± 2.67 13.60 ± 2.17 0.970

Time to peak (hours) 1.45 ± 0.27 1.45 ± 0.27 1.05 ± 0.17 0.422

Headache intensity 
(VAS 0-10)

8.60 ± 0.33 8.70 ± 0.44 9.10 ± 0.23 0.547

Headache duration (hours) 258.01 ± 26.36 230.10 ± 24.96 269.20 ± 18.66 0.491

Headache days (n) 22.20 ± 2.17 21.50 ± 2.36 24.10 ± 1.95 0.684

Medication intake (n) 21.10 ± 2.11 19.60 ± 2.19 26.50 ± 2.10 0.73

CSI score (%) 52.60 ± 14.75 48.10 ± 15.38 49.00 ± 15.01 0.780

HIT-6 65.90 ± 1.14 67.50 ± 1.31 70.20 ± 1.78 0.121

NDI (%) 58.48 ± 5.44 54.73 ± 5.31 58.20 ± 5.20 0.858

MTG: manual therapy group; SMTG: sham manual therapy group; CG: control group; VAS: visual analogue scale; VAS: visual analogue scale; CSI: central 
sensitization inventory; HIT-6: Headache Impact TestTM; NDI: Neck Disability Index.

Table II. Effect of treatment on headache characteristics and medication use by group.

Variables Group Primary 
assessment

Secondary 
assessment

Within-group 
change scores

Between-group 
change scores

P-value

Headach 
 intensity 
(VAS 0-10)

MTG 8.60 ± 0.33 4.01 ± 0.36 -4.60 ± 0.45 MTG
SMTG

4.50 ± 0.48 < 0.001*

SMTG 8.70 ± 0.44 8.60 ± 0.33 -0.10 ± 0.27 MTG
CG

4.30 ± 0.48 < 0.001*

CG 9.10 ± 0.23 8.80 ± 0.29 -0.30 ± 0.26 SMTG
CG

0.20 ± 0.48 1.000

Headache 
duration
(hours)

MTG 258.01 ± 26.36 124.80 ± 15.15 -133.20 ± 24.72 MTG
SMTG

155.10 ± 25.86 < 0.001*

SMTG 230.10 ± 24.96 252.01 ± 26.54 21.90 ± 11.24 MTG
CG

100.90 ± 25.86 0.002*

CG 269.20 ± 18.66 236.90 ± 13.59 -32.30 ± 16.31 SMTG 
CG

54.20 ± 25.86 0.137

Headache 
days (n)

MTG 22.20 ± 2.17 10.10 ± 1.20 -12.10 ± 1.26 MTG
SMTG

12.80 ± 1.70 < 0.001*

SMTG 21.50 ± 2.36 22.20 ± 2.17 0.70 ± 0.84 MTG
CG

9.40 ± 1.70 < 0.001*

CG 24.10 ± 1.95 21.40 ± 1.49 -2.70 ± 1.43 SMTG 
CG

3.40 ± 1.70 0.170

Medication 
use (n)

MTG 21.10 ± 2.11 9.40 ± 1.19 -11.70 ± 2.13 MTG
CG

13.20 ± 3.37 0.002*

SMTG 19.60 ± 2.19 21.10 ± 2.11 1.50 ± 1.01 MTG
CG

18.10 ± 3.37 < 0.001*

CG 26.50 ± 2.10 32.90 ± 4.44 6.40 ± 3.39 SMTG 
CG

4.90 ± 3.37 0.475

MTG: manual therapy group; SMTG: sham manual therapy group; CG: control group; VAS: visual analogue scale; *significant.
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Central sensitization inventory scores
Table III shows the intra- and inter-group change scores 
with 95% confidence intervals in terms of CSI score pre- 
and post-intervention. CSI scores were significantly reduced 
in the MTG compared to the other 2 groups (p < 0.05).

Disability indices
Disability indices (NDI, HIT-6), in the MTG compared to 
the other 2 groups were significantly reduced (table IV).

Correlations between CSI score and headache 
characteristics, medication use, and disability
The relationship between CSI score and headache char-
acteristics, medication use, and disability are presented in 

table V. Pearson coefficient revealed a significant positive 
correlation between CSI score with headache days, head-
ache duration, and NDI score (p < 0.05) (figure 2).

DISCUSSION
The results of our study showed that upper cervical MT was 
more effective in reducing headache characteristics, medi-
cation use, CSI score, and disability indices than sham MT 
one month after intervention commenced. It is notewor-
thy that the CSI score was associated with certain headache 
characteristics and disability scores. To our knowledge, this 
is the first study to investigate the effect of upper cervical 
MT on CSI score in subjects with migraine and neck pain. 

Table V. Correlations between central sensitization inventory score with headache characteristics, medication use, and disability indicis.

Headache intensity Headache days Headache duration Medication use NDI HIT-6

CS

Pearson 
correlation

0.201 0.380 0.417 0.248 0.587 -0.077

Significancy 0.288 0.038* 0.022* 0.187 0.001* 0.688

n 30 30 30 30 30 30

CS: central sensitization; HIT-6: Headache Impact TestTM; NDI: Neck Disability Index; *significant.

Table III. Effect of treatment on central sensitization inventory score by group.

Variables Group Primary 
assessment

Secondary 
assessment

Within-group 
change scores

Between-group change scores P-value

CSI score (%)

MTG 52.60 ± 14.75 43.70 ± 9.27 -8.90 
(-13.37, -4.42)

MTG
SMTG

11.80 (3.63, 19.97) 0.003*

SMTG 48.10 ± 15.38 51.00 ± 12.64 2.90 (-3.35, 9.15) MTG
CG

10.01 (1.83, 18.17) 0.013*

CG 49.00 ± 15.01 50.10 ± 10.96 1.10 (-3.30, 5.50) SMTG
CG

1.80 (-6.37, 9.97) 1.000

MTG: manual therapy group; SMTG: sham manual therapy group; CG: control group; CSI: central sensitization inventory; *significant.

Table IV. Effect of treatment on disability indices by group.

Variables Group Primary 
assessment

Secondary 
assessment

Within-group 
change scores

Between-group 
change scores

P-value

HIT-6

MTG 65.90 ± 1.14 54.10 ± 3.24 -11.80 ± 3.68 MTG
SMTG

13.50 ± 3.56 0.002*

SMTG 67.50 ± 1.31 69.20 ± 1.52 1.70 ± 1.32 MTG
CG

11.80 ± 3.56 0.008*

CG 70.20 ± 1.78 70.20 ± 2.80 0.001 ± 1.94 SMTG
CG

1.70 ± 3.56 1.000

NDI (%)

MTG 58.48 ± 5.44 47.74 ± 4.37 -10.74 ± 4.13 MTG
SMTG

16.96 ± 4.18 0.001*

SMTG 54.73 ± 5.31 60.95 ± 5.05 6.22 ± 1.30 MTG
CG

18.52 ± 4.18 < 0.001*

CG 58.20 ± 5.20 65.95 ± 5.25 7.78 ± 2.72 SMTG
CG

1.56 ± 4.18 1.000

MTG: manual therapy group; SMTG: sham manual therapy group; CG: control group; HIT-6: Headache Impact TestTM; NDI: Neck Disability Index; 
*significant.
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Evidence supports the non-pharmacological management of 
headache. A review study reported that MT was similar to tricy-
clic antidepressants for medium term prophylaxis in subjects 
with chronic headache (46). Another review study reported 
that multimodal physiotherapy treatment including MT or 
relaxation techniques had the same effect as propranolol and 
topiramate in the prophylactic management of headache (23). 
It seems, multimodal pharmacological and non-pharmacologi-
cal treatments together can be more effective in reducing pain, 
disability and musculoskeletal disorders in migraine.
In our study, the evaluation of a broad spectrum of 
migraine-related variables including disability indices and 
CSI score were used to evaluate more details about the 
effects of MT. Headache characteristics alone may not be 
enough to reflect migraineur’s feeling of improvement (22). 
Another strength of our study is the use of a sham MT 
comparator. Real MT led to greater improvement in disabil-
ity outcomes when compared to both sham MT and a 
control. Castien et al. showed that MT was more effective 
than usual headache treatment in reducing disability (HIT-
6) in the short- and long-term (20). A result consistent with 
our study. In the present study, the reduction in HIT-6 score 
in the MTG was significantly greater than in the CG. Anoth-
er study found that MT combined with exercise had no 
greater effect in reducing HIT-6 score than usual headache 
treatments (47). The results of the studies show the possible 
positive effects of MT in subjects with headache.
The reduction of NDI score in the present study is consis-
tent with that reported by Corum et al.  (48). Liang et al. 
stated that the NDI may be more reflective of a secondary 
phenomenon related to migraine pathophysiology and TCC 
sensitization rather than cervical dysfunction such as phys-
ical limitation of neck movement (49). In contrast, some 
studies suggested that neck pain in subjects with migraine 

is associated with altered neck mobility, muscle tender-
ness, and dysfunction (14). Consequently, migraine symp-
toms may be misinterpreted with perceived neck pain and 
disability, especially during the migraine attack, which may 
affect the NDI changes in studies. 
Headache improvement in the migraineur patients using 
upper cervical MT can be explained by pain modulation 
in the trigeminal nerve territory. This in turn may reduce 
nociceptive inputs to the TCC through neurophysiologi-
cal responses specific to the upper cervical segments (48). 
In other words, upper cervical MT may modulate nocicep-
tive pathways by initiating a cascade of neurophysiological 
responses from the peripheral nervous system (modulation 
of inflammatory responses), and the central nervous system 
at spinal (activation of somato-autonomic reflexes) and 
supraspinal levels (regulation of brain areas such as ante-
rior cingulate cortex, amygdala or periaqueductal grey) in 
subjects with migraine (26). There are many mechanorecep-
tors in the upper cervical region especially in the occipital 
region, which potentiate mechanical inputs from MT tech-
niques, resulting in decreasing headache symptoms (50).
This study showed a correlation between CSI score with 
headache characteristics and NDI score. The direct correla-
tion between CSI score with some headache characteris-
tics, and NDI score indicates that more severe headache 
symptoms are associated with more severe neck disability 
in subjects with higher CSI scores. These findings provide 
further evidence for the role of CS in potentiating more 
severe headache symptoms and disability in migraine suffer-
ers. Fernández-de-las-Peñas et al. proposed that MT can 
play an important role in the management of CS in subjects 
with headache (1). Nijs et al. suggested that MT may target 
central pain processing mechanisms, and theoretically 
could desensitize the central nervous system (CNS) (51). 

Figure 2. The correlation between SCI score and (A) NDI score, (B) headache days, (C) headache duration showed positive 
monotonic relationship between central sensitiation inventory score and three other scales. 
CS: central sensitization invenory; NDI: neck disability index score.
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These ideas are supported by the reduction in CSI score in 
subjects receiving MT in our study, which may be result of 
neurophysiological effects of MT.
Beside peripheral effects, MT also produces central anal-
gesic effects. However, MT may have short-term analgesic 
effect, limiting clinical utility in treatment strategies. Poten-
tial effects of repeated MT sessions in long-term activation 
of descending anti-nociceptive pathways should be inves-
tigated in future researches (51). However, not much is 
known about the effects of pharmacological and other treat-
ments on the mechanisms of CS. In conditions character-
ized by CS, we propose that non-pharmacological treatment 
with stablished clinical effects can be used along with the 
pharmacological treatments (51) to achieve better therapeu-
tic effects. Using MT in the clinical management of patients 
with migraine and neck pain may reduce the excitability 
of the CNS through neurophysiological inhibitory mecha-
nisms. Further studies are required to examine the detailed 
role of CS in the management of headache.

Limitations
Several limitations in the present study should be consid-
ered. All of the data were collected in the interictal period, 
which could affect the CSI and disability scores. Another 
important limitation is the small sample size which could 
affect the results of study. Furthermore, this study was 
conducted with one-month follow-up, which was not suffi-
cient to understand long term effects of treatments.

CONCLUSIONS
This study showed that upper cervical MT can improve 
headache symptoms, disability, and CSI score in subjects 

with migraine and neck pain. We also found that the level 
of CSI score and headache symptoms, and NDI score are 
directly correlated. The result of this study suggests that MT 
should be considered as part of multimodal management 
to provide more appropriate treatments for sufferers of this 
debilitating condition.
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