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SUMMARY
Backround. Different suture materials are preferable for the repair of Achilles tendon
ruptures. The effect of the sutures on the biological level on a repair scenario is still tentative. The purpose of this study is to show the effects of Vicryl®, Ethibond® and PDS®II on
Achilles tendons at mRNA levels.
Methods. 36 Achilles tendons of 18 White New Zealand Rabbit were divided into four
groups (n:9). Acute tendon rupture model was created and three groups were repaired
with each of the aforementioned sutures (fourth was the control group). At day twelve,
mRNA was isolated from each tendon, and expression levels of Collagen (COL) 1A2,
COL3A1, Decorin, Matrix Metalloproteinase (MMP) 13 and Interleukin (IL) 1β were
measured quantitatively and compared.
Results. Tendons repaired with PDS®II showed high COL1A2, COL3A1 and decorin
expression levels (p<0.05). MMP-13 expression was high in Ethibond® group when
compared with PDS®II (p<0.05). High IL-1β expression in tendons repaired with Ethibond® was found (p>0.05).
Conclusions. Tendons repaired with PDS®II are found to have superior properties regarding extracellular matrix component synthesis-degradation, and inflammatory cytokine
production at mRNA levels when compared to Vicryl® and Ethibond®. These results can
be a guide to surgeons regarding suture choice in Achilles tendon repairs.
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BACKGROUND
Achilles is the largest and strongest tendon in the body and
subject to tensile forces of up to 12.5 times body weight (18).
It is the third most commonly injured tendon with an incidence of 18 in 100.000, most commonly 4th and 5th decade
male patients. Operative or non-operative treatment options
for Achilles tendon rupture is in preference of orthopaedic
surgeons and the patients (17). Different suture materials
and suture techniques are widely used for the repair.
All tendons have a complex and composite architecture
composed of collagen fibrils and surrounding decorin and
elastin like proteoglycans. In Achilles tendon, collagen type
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I alpha chain forms the 65 – 80% the tendon’s dry weight
(18). Collagen type I alpha 1 chain, together with type I alpha
2 chain (COL 1A2), encodes the major component of type I
alpha collagen. Collagen type III, which is another constituent of Achilles tendon, functions as a connection in between
endotenon and the main collagen fibrils. Type III collagen is
localized in the endotenon in normal intact tendon, whereas
it is found in the whole tissue after an injury to the tendon,
therefore it is assumed that type III collagen plays a role
in tissue repair process. Decorin is an important proteoglycan, it is responsible for assembly of extracellular matrix by
binding to type I collagen fibers.
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When the Achilles tendon loses the integrity, cellular and
tissue response to this trauma cause an increase in the
expression of matrix-degrading enzymes and some inflammatory cytokines (11). In literature, studies on rat and
rabbit tendons found different expression levels of these
enzymes and cytokines (5, 20, 22). Matrix metalloproteinases (MMP) 2, 3, 9, 13 and 14 are important regulators of extracellular matrix remodelling (22). Among these
enzymes, MMP-13 mRNA levels were found to increase
rapidly after injury and these high levels persisted for a long
time (42 days) (5). Besides, MMP-13 was found to participate only in collagen degradation (it is also named as Collagenase III), not in collagen remodelling (7, 20, 22). With
the injury to the tendon tissue, inflammatory phase starts
and IL-1β reaches its high levels. IL-1β and MMP-13 are
shown to be up regulated following an injury to rat patellar
tendons in overusing conditions (23).
Animal tendons are usually good options for the biomechanical, histologic or molecular level experiments, however anatomy of the tendon can be quite different from human
tendon anatomy. Doherty et al. showed that, rabbit Achilles
tendon has some different anatomic features when compared
to human Achilles tendon. The medial and lateral gastrocnemius muscle tendons merged at 93% of their course from
proximal to distal, different from the gastrocnemius human
tendons, which merged at 23% of their overall course. The
soleus muscle and tendon are negligible in the rabbit (8).
These particular comparative anatomic features are important to consider when using the rabbit as a research model,
especially for mechanical testing, however we do not think
that this anatomic difference is not important for studies
measuring quantitative mRNA levels of different proteins.
Suture materials are in close contact with the tendon tissue
after the repair and they can trigger some inflammatory
reactions (1, 4, 14, 19). Among the suture materials used in
Achilles tendon repair, polyglactin 910 (Vicryl®), polydioxanone (PDS®II) and polyester (Ethibond Excel®) are the
most frequently used ones. However healing response on
the biological level is still tentative. There is no data on
how tenocyte metabolism is influenced from these different
suture materials.
The aim of the present study was to demonstrate in vivo
effects of frequently used three different suture materials by
quantitavely measuring the synthesis of structural proteins
(collagen, decorin), matrix-degrading enzymes (MMP13) and cytokines (IL-1β) at mRNA levels. We hypothesized that a nonabsorbable polyester suture material may
elevate inflammatory mRNA levels due to irritative nature
when compared to those of absorbable polyglactin 910 and
polydioxanone.
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MATERIALS AND METHODS
20 male White New Zealand rabbits aged between 9-12
months and weighing 2.4-3.4 kg. were recruited in the study.
With the approval of the local Ethics Review Board, animals
arrived to laboratory two weeks before surgery to allow acclimatization. Animals were provided a standard laboratory
diet and water ad libitum. Animals were numbered from 1 to
20 and kept single in cages. Animals were randomly divided
into four experimental groups; while right Achilles tendons
of animals with an odd number formed group 1 (Vicryl®
group), left Achilles tendons formed group 2 (Ethibond
Excel® group). Similarly right Achilles tendons of animals
with an even number formed group 3 (PDS®II group) and
left Achilles tendons formed group 4 (control group).
A single prophylactic intramuscular dose of the antibiotic cephazolin (100mg) was applied before surgery. Under
anesthesia (100mg/kg ketamine + 5mg/kg chlorpromazine)
and sterile conditions, achillotomy was performed 15 mm
proximal to calcaneal insertion of both Achilles tendons of
the rabbits (figure 1a, b and c). Tendon repair was done by
modified Kessler’s technique with different suture materials in groups 1, 2 and 3 (figure 1d). Repair was done with
2/0 Vicryl® (round-tip, ½ circle, 26-mm needle) in group 1,
2/0 Ethibond Excel® (round-tip, ½ circle, 26-mm needle)
in group 2 and 2/0 PDS®II (round-tip, ½ circle, 26-mm
needle) in group 3. Cut tendon was not repaired and left
to secondary healing in control group. After closure of the
wound (figure 1e), short leg casting in plantar flexion was
done to all groups (figure 1f).
All animals were sacrificed at day twelve. Choice of 12th day
is based on high collagen remodelling and MMP-13 levels
seen in between 7th – 14th days by Oshiro et al. (15). Achilles
tendons were exposed through the same incision line. In the
first three groups, tendon tissue which was in close contact
with suture material was excised. In control group, secondary healing tissue between tenotomy ends was excised. All
specimens were shaved in 20 micron (µm) thick by a cryostat
microtome. Following the addition of Qiazol Lysis Reagent®,
homogenization was performed by using a polytron homogenizer. The supernatant after centrifugation was used for
mRNA isolation by using an mRNA isolation kit (Qiagen
Rneasy Mini Kit®). The concentration of mRNA from each
sample was measured using a nanodrop spectrophotometer.
Concentrated mRNA solutions were diluted further in order
to provide 200 ng mRNA/microliter (µL) of each sample.
RNAs of all groups were converted into cDNA by using
reverse transcriptase enzyme. This was followed by quantitative RT-PCR (Real Time Polymerase Chain Reaction)
protocol by the measurement of sybr green fluorescence
of PCR products. Primers that were used to determine the
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Figure 1. Stages of procedure: a) Lower extremity of rabbit after shaving. b and c) Tenotomy is done 15 mm proximal to Achilles tendon insertion. d) Repair by modified Kessler’s method. e) Skin closure with 3/0 polyproplene. f) Casting in plantar flexion.

mRNA levels of collagen type I alpha 2 chain, collagen type
III alpha 1 chain, decorin, MMP-13 and IL-1 are shown in
table I. β-Actin mRNA expression was used as a housekeeping gene to quantify relative mRNA levels.
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Quantitative RT-PCR was performed in three steps including denaturation (90-95 °C), primer binding (57-60 °C) and
extension (70-75 °C). 2-∆∆CT formula in the guidance of β-actin housekeeping is used for calculation of mean values and
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Table I. Base sequences and melting degrees of the primers used in the quantitative PCR analysis. Primers were selected
according to the Primer 3 Output program.
GENE

Primer Sequences
(ORYCTALAGUS CUNICULUS)
(forward/reverse)

Product Size
(base pair)

Annealing
Temperature (oC)

Collagen 1A2

Left primer: AACTTGCCTTCATGCGTCTG
Right primer: CCTCGGCAACAAGTTCAACA

153 bp

57 ºC

Collagen 3A1

Left primer: GTCAACCAGTACAAGTGACCA
Right primer: AGCACCATTGAGACATTTTGAAA

175 bp

60 ºC

Decorin

Left primer: CAAAGTGCCCAAGGACCTTC
Right primer: TGTAAATGCTCCAGGGCTGA

160 bp

60 ºC

MMP-13

Left primer: CTGCCCCTCCTCAACAGTAA
Right primer: CCTGTCACCTCTAAGCCGAA

185 bp

57 ºC

IL-1β

Left primer: AAGGAGAGCTCTTTCCCACC
Right primer: GCCTCTGGTCTCCTTGGATT

220 bp

60 ºC

Beta Actin
(Housekeeping gene)

Left primer: CGCATGCAGAAGGAGATCAC
Right primer: CGACTCGTCATACTCCTGCT

162 bp

57ºC

standard deviations of the groups. According to 2-∆∆CT method, control group is always calculated as ‘1’.
In order to verify that replication products are the copies of
the relevant genes (not primer-dimers), RT-PCR products
were run on agarose gel electrophoresis and band appearances were visualized under ultraviolet light.
One-Way ANOVA method was used in the comparison of
quantitative data between the groups. Tukey test was used
for post-hoc analysis. The results were expressed within
95% confidence interval and the level of statistical significance was set at p<0.05.

RESULTS
Two animals (one with an odd, other with an even number)
died in the postoperative period during the study, thus
total number of animals decreased to 18 (9 samples in
each group). At the end of day 12, casts were removed and
neither infection nor wound site complication was seen in
any group. With the exposure of the tendon tissue, any gap
formation or pull-out in the tendon-suture complex was not
seen in groups 1, 2 and 3. In group 4, secondary healing
tissue was seen in between cut tendon ends of all samples.
According to quantitative RT-PCR data, mRNA expressions of genes encoding the structural proteins (COL1A2,
COL3A1 and decorin) were found to be highest in PDS®II
group. The expression of mRNA for COL1A2 gene was
1.02±0.32 in the PDS®II group, 0.42±0.23 in the Ethibond Excel® group and 0.35±0.18 in the Vicryl® group.
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High value in the PDS®II group was significant (p<0.01)
when compared with Ethibond Excel® group (mean difference=0.59, %98.4 confidence interval (0.12-1.07)) and,
Vicryl® group (mean difference=0.67, %98.4 confidence
interval (0.19-1.15)). However there was no significant
difference in between Vicryl® and Ethibond Excel® groups
(figure 2a). The expression of mRNA for COL3A1 gene
was 0.54±0.16 in the PDS®II group, 0.39±0.31 in the Ethibond Excel® group and 0.22±0.08 in the Vicryl® group.
High value in the PDS®II group was significant (p<0.05)
only when compared with the Vicryl® group (mean difference=0.32, %95 confidence interval (0.003-0.63)), however there was no significant difference in between neither
PDS®II and Ethibond Excel®, nor Vicryl® and Ethibond Excel® groups (figure 2b). The expression of mRNA
for decorin gene was 1.20±0.45 in the PDS®II group,
0.38±0.12 in the Ethibond Excel® group and 0.29±0.23
in the Vicryl® group. High value in the PDS®II group was
significant (p<0.01) when compared with Ethibond Excel®
group (mean difference=0.82, %98.4 confidence interval (0.17-1.47)), and Vicryl® group (mean difference=0.92,
%98.4 confidence interval (0.26-1.56)). However, there was
no significant difference in between Vicryl® and Ethibond
Excel® groups (figure 2c).
The expression of mRNA for MMP-13 was 1.15±0.74 in the
Ethibond Excel® group, 0.52±0.30 in the Vicryl® group and
0.23±0.12 in the PDS®II group. Low value in the PDS®II
group was significant (p<0.05) only when compared with
the Ethibond Excel® group (mean difference=0.92, %98.4
473

The Effect of Suture Materials on Achilles Tendon Metabolism

confidence interval (0.57-1.77)), however there was no significant difference in between neither PDS®II and Vicryl®, nor
Vicryl® and Ethibond Excel® groups (figure 3).
The expression of mRNA for IL-1β was 1.58±0.96 in the
Ethibond Excel® group, 1.35±1.09 in the PDS®II group and
1.03±0.60 in the Vicryl® group, but no significant difference
was found in between any group (figure 4).

DISCUSSION
The present study showed that three different suture materials have different effects on the Achilles tendon metabolism. According to the data, repairing Achilles tendon with
PDS®II instead of Vicryl® or Ethibond Excel®, favourably
affects tendon metabolism and results in reduced synthesis
of proteases responsible for collagen breakdown, confirming our hypothesis.

Figure 3. Mean mRNA expression ratios of MMP-13 (*p<0.05
PDS®II versus Ethibond Excel®).

Figure 2. Mean mRNA expression ratios of proteins: a)
COL1A2 (**p<0.01 PDS®II versus Vicryl® and Ethibond
Excel®), b) COL3A1 (*p<0.05 PDS®II versus only Vicryl®),
and c) Decorin (**p<0.01 PDS®II versus Vicryl® and Ethibond
Excel®).
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Figure 4. Mean mRNA expression ratios of IL-1β (No significant difference found in between any group).
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The present study was carried out on rabbits because
rabbits have been used for translational studies of Achilles
tendon repair using a variety of techniques and therapeutics
for several decades (24). Their size allows for clinically relevant operative technique, and they can easily be manipulated to control post-operative rehabilitation through casting.
A quantitative RT-PCR method was used to measure the
levels of mRNA expressions in order to compare Achilles tendon groups repaired with different suture materials.
There are studies in the literature that used similar measurement methods to evaluate tendon metabolism (2, 5, 12, 13,
15, 20, 23). Karousou et al. studied the extracellular matrix
of 19 ruptured human Achilles tendons and compared the
composition of specimens harvested close to the rupture
with specimens harvested from an apparently healthy area
in the same tendon (15). They compared expression levels
of collagen type I, decorin, and versican including enzymes
involved in their metabolism as matrix metalloproteases
(MMP-2 and -9) and tissue inhibitory of metalloproteinase (TIMP-1 and -2) using real-time PCR, zymography and
FACE (fluorophore-assisted carbohydrate electrophoresis)
analysis. They found an overall significant increase in the
expression of all these genes together with the inflammation
at the rupture site when compared to healthy area.
Sun et al. created in vivo degenerative tendon model in the
rat patellar tendon and found an interrelated increase in
MMP-13 and IL-1β expressions in tendon tissue (23). In a
similar way, we looked for IL-1β and MMP-13 expression
levels in all groups and found that both genes were highly
expressed in tendons repaired with Ethibond Excel® when
compared with other suture material groups.
Gold standard suture material in the repair of Achilles
tendon is still a matter of debate. Studies about this issue are
mostly focused on factors such as holding strength - pullout strength or suture strength – suture endurance. In this
regard, Cook et al. compared 2-0 Fiberloop (UHMWPE;
Ultra High Moleculer Weight Polyethilene) and #2 Ethibond Excel® suture materials on Achilles tendon of cadaver (6). There are also studies that simultaneously evaluated
suture materials and suture techniques. In a study conducted on cattle Achilles tendon, Yamagami et al. compared 16
tendon repair groups by combining Fiberwire (UHMWPE),
Ethibond Excel®, PDS®II and Prolene suture materials
with four different suture techniques (single locking, multiple locking, single grasping and multiple grasping technique) (25). Petri et al. compared 9 tendon repair groups by
combining PDS®II, Ethibond Excel® and Fiberwire suture
materials with three different suture techniques (Baseball,
Kessler and Hannover) on cadaver hamstring tendons (21).
However, although these studies provide information about
holding capacity and pull-out strength of different suture
Muscles, Ligaments and Tendons Journal 2019;9 (4)

materials, all are in vitro studies and provide information
only about instantaneous tensile strength at time zero. As is
known, suture material used in Achilles tendon repair must
be resistant to tension forces during postoperative healing
and rehabilitation periods. However, the reason for failed
surgery may not be always due to pure mechanical causes
such as error in suturing technique or suture fail. Under
some circumstances, strong suture materials may be pulled
out of tendon tissue which is weakened due to inflammation
(26). This weakness in tendon structure, starting with the
inflammatory process and persisting until day 21, may cause
70% decrease in suture holding capacity and have been
considered responsible for suture pull-out (27).
PDS®II is a rapid absorbable monofilament suture material and loses its strength by 20% at 2 weeks and by 40%
at 6 weeks. These features are considered disadvantages in the repair of Achilles tendon which is exposed to
strong tensile forces. But PDS®II is also known to have
advantages; it is associated with minimum trauma to the
tissue during surgery. In an animal study on sheep Achilles tendon has shown that PDS®II has higher holding
strength on the tendon when compared with Prolene,
Vicryl® and Ethibond Excel® (28). In addition, as a monofilament suture material, it is less likely to promote bacterial adhesion compared with braided sutures. The loss
of tensile strength in the early period might be seen as a
disadvantage for absorbable sutures; however, complete
elimination of these sutures can be considered as an advantage in terms of foreign body reaction.
Oshiro et al. looked for expressions of different genes at
different days after repair of precut flexor digitorum longus
tendon (using 9/0 nylon) on rats. They found that gene
expression of type I collagen decreased initially and then
returned gradually to the initial level by day 28. MMP-9
and MMP-13 gene expressions were both found at maximum levels between post-operative days 7 and 14, and
participated only in collagen degradation, not in remodeling (20). In the present study, MMP-13 gene expression
was measured at day 12 and the amount of its expression
was found to be significantly higher in the Ethibond Excel®
group when compared with the PDS®II group. In another
study that measured MMP-13 gene expression, Berglund et
al. repaired precut rabbit flexor digitorum tendons with 6/0
PDS®II and they found constantly high MMP-13 expression levels (including day 42) (5). Berglund lean the different MMP-13 expression levels with Oshiro’s study on the
fact that Oshiro immobilized the rats after surgery while
Berglund et al. did not. However, they didn’t mention about
the use of different suture materials in these studies. It must
be kept in mind that the difference may have resulted from
the use of Nylon in one study and PDS®II in the other.
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The study by Esenyel et al. conducted on rabbits is the only
in vivo experimental study comparing the effects of different suture materials on Achilles tendon repair (10). They
evaluated histologic inflammatory response at postoperative
3rd and 6th weeks in tendons repaired with Prolen, Ethibond
Excel® and Fiberwire® (UHMWPE) suture materials and
compared the extent of inflammatory areas measured under
microscopy. They found the largest inflammatory response
at 3rd week in the Ethibond Excel® group. This finding is
consistent with the current study that found the highest
MMP-13 and IL1β response in the Ethibond Excel® group
at 12 days.
An observational study was conducted by Kocaoglu et al.
to prospectively evaluate the effect of different suture materials used in human Achilles tendon repair surgeries (16).
Forty-eight patients were treated with minimal invasive
surgical repair method with the diagnosis of spontaneous
Achilles tendon rupture, half was repaired by Vicryl® and
remain was repaired by Ethibond Excel®. Functional status
has been verbally compared and no significant difference
was found between these two groups. However, the rate of
complications such as recurrent rupture, foreign body reaction and deep infection was significantly lower in the Vicryl®
group.
Severe inflammatory response to suture material following Achilles tendon repair has been presented in the form
of case reports. Ahluwalia et al. reported a case of Achilles tendon rupture repaired with modified Kessler’s method using Ethibond Excel® in which a superficial rash has
occurred 3 weeks after surgery and continued with chronic
sinus development (1). Baig et al. showed in their prospective clinical study that Achilles tendons repaired with PDS
provided fewer wound complications when compared to
Achilles tendons repaired with Ethibond Excel® which
is confirming our finding (3). Authors reported that this
complication is related with the usage of Ethibond Excel®.
Kara et al. reported a different complication related to the

usage of Ethibond Excel® for Achilles tendon repair (14).
They reported excessive inflammatory response and development of granuloma and fistula at the fourth month of
operation. Sometimes delayed inflammatory response might
be seen due to suture material as Ergin et al. reported a case
of suture (silk-nonabsorbable-braided) granuloma 30 years
following Achilles tendon repair (9). A similar case was
reported by Ollivere et al. in which granulomatous reaction
has occurred following Achilles tendon rupture using Fiberwire suture material (19). Complications related to Vicryl®
usage is also present in literature; Bekler et al. reported early
and late aseptic drainage that occurred in four different
cases following Achilles tendon repair using Vicryl® suture
material (4).
To our knowledge, this is the first study in literature that
evaluated the metabolic and inflammatory effects of different suture materials on Achilles tendon at molecular level.
The limitations of the study include that we only used three
different suture materials, however there are more than
ten different suture materials available to use in Achilles
tendon repair. Besides, study includes only one method,
which is quantitative real-time PCR. No supportive finding regarding tendon’s biomechanical quality, histology, or
protein content is present. Lastly, Achilles tendon injury
model created in this study is somewhat different from what
we encounter in clinical routine; the tendon was cut, not
ruptured, and a time-zero tendon repair was performed.
Our study is a preliminary study and in conclusion, Achilles tendons repaired with PDS®II are found to have superior properties regarding extracellular matrix component
synthesis and degradation, and produce less inflammatory
cytokine at mRNA levels when compared to Vicryl® and
Ethibond Excel®.
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SUMMARY
Tissue engineering (TE) is a growing scientific field that combine bioengineering,
life science and clinical sciences. This scientific field represents a valid alternative to
treatment of several diseases such as cardiovascular pathologies, osteoarthritis, skin
burns, and different traumatic injuries. One of the most useful technique employed to
produce valid scaffold for tissue engineering is the electrospinning, that allow to obtain
highly customizable nanopatterned meshes. The aim of this review is to give an overview of the currently available literature on electrospun scaffold aimed to regenerate
tendons and ligaments using a TE approach.
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INTRODUCTION
Tissue engineering (TE) is a rapidly expanding interdisciplinary field aimed to restore and regenerate diseased tissues
to restore their native biological functions. The use of TE
is stimulating growing interest, and the global market of
TE is estimated to involve about $11.5 billion in the next
three years (1). This approach combine bioengineering, life
science and clinical sciences, and is a valid alternative treatment of various diseases such as cardiovascular pathologies,
musculoskeletal disorders, or important skin loss consequents to burns or traumatic events (2-4). The main goal
of TE is to overcome the shortcomings of surgical techniques (such as auto- or allo- graft) conducted to restore
the tissue integrity after extended damage. For instance,
one of the most important limitation in reconstructive autograft surgery is the donor tissue shortage, which mean that
only small defect can be repaired using this technique (5).
In addition, a donor site morbidity drastically decreases
the success rate of autograft, and often cause unaesthetic scarring that negatively impact the patients’ life quality
(6). Donor tissue shortage and donors site morbidity are
sometimes bypassed performing allograft surgery. Howev478

er, this strategy attracts a decreasing number of clinicians
due to related high cost (7), as well as the frequent rejection phenomena that can affect up to 50% of the allograft
in some kind of surgery (7). In this complex panorama, the
use of TE could promote the tissue repair reducing the use
of highly invasive surgery. The TE approach is based on the
combination of two fundamental elements: a biocompatible
scaffold mimicking the features of the extracellular matrix
(ECM) of the targeted tissues and living cells (8). A scaffold is a three-dimensional construct made of biocompatible materials able to provide the structural support for cell
adhesion and proliferation and promoting the formation of
new tissue (9). In particular, this construct is conceived as a
temporary structure to be gradually resorbed after reasonable time after implantation (7,10). However, as discussed
above, the structural analogy with the ECM is a fundamental feature for a scaffold successfully employable in TE (11).
ECM is the natural environment that provide structural
support to cells in vivo. Each cytotype produce a different
ECM with chemical-physical properties that are characteristic for different kind of tissue (12). ECM also actively
provide bioactive cues to the residing cells allowing their
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micro patterned disposition inside a tissue (13). Furthermore, ECM is a microporous environment that allows
neovascularisation and new tissue formation by dynamic
remodelling (13). In this context, the design of an ECM-like
scaffold is aimed to provide enough free space for revascularization to facilitate the formation of new tissue, and
to promote the integration with host environment (14).
Moreover, the presence of interconnected porous network
promote the cells mobility and the diffusion of nutrients
(14). The porosity grade should be carefully modulated in
order to assure the needed mechanical properties, which
are strictly related to the physiological environment which
the scaffold is designed for (15). Equally important is the
three-dimensional architecture of a scaffold, which should
reproduce the conformation of the native ECM to guide the
optimal spatial cells disposition (15).
The cellular component is usually composed of cells
harvested from autologous biopsy and are combined within scaffold by seeding/embedding maintaining conditions
promoting cells proliferation. Furthermore, the scaffold’s
cellularization is often supported from bioreactors to maintain in vitro fundamental parameters such as oxygen and
CO2 level, pH, temperature, humidity and osmotic pressure
(16). The cell-laden scaffolds are cultured in vitro for a period of time sufficient to obtain a consistent cell density, and
then surgically implanted at the donor site target (17).

TISSUE ENGINEERING FOR TENDONS
AND LIGAMENTS REPAIR
In the last decade TE is gaining growing interest in the
repair of tendons and ligaments due to the high clinical incidence of injuries, graving especially over elderly and sports
people (7). Is estimated that about 30 million of people
undergo annually to tendon/ligament repair procedures,
causing an annually expense of over €150 billion in EU and
USA (18,19). At present, surgery is the first-line approach to
repair tendons and ligaments injuries, and the most common
practice is the reconnection of broken tissue by suturing the
extremities (20-23). However, surgery is often invasive, in
particular when a long tendon is damaged such as Achilles
tendons (24). Moreover, adhesion between tendons and
surrounding tissue is a common complication after surgical
flexor tendon repair (25). Many techniques have been developed to prevent adhesions such as refinement of suturing
techniques, reconstruction of tendon sheath, and controlled
early mobilization (25). However, surgery still suffer a high
unsuccess rate mainly due to limited tissue’s healing process
(26-28), and up to 40% of individuals with a history of ligament injury have been found to have residual complaints
interfering with daily living (29). In this complex panorama,
Muscles, Ligaments and Tendons Journal 2019;9 (4)

TE appears to be a promising approach to overcome current
limitations related to surgery, and could improve the quality
of life of people affected from tendons and ligaments diseases, and numerous articles focused on electrospun scaffolds
applied to tendon tissue engineering published in the last 10
years (5, 30-32) clearly highlight this evidence. However, the
fabrication of a scaffold is particularly challenging in a highly demanding environment such as tendons and ligament,
where high resistance to mechanical stress such as traction
and torsion is required. In fact, the main in vivo role of
tendons and ligaments is to transmit inter- and intra-structural forces, as well as to improve the joint stability (20).
More in detail, tendons transmit forces from muscle to bone
and are subjected to intense and repeated cycle of tension/
relaxation (20,33). Ligaments transmit forces from bone to
bone and provide joint stability during normal daily movements (21,34) preventing torsion and hyperextension of the
articulation (35). Despite different in vivo role of tendons
and ligaments, they have similar anatomical structure. Both
are mainly composed of triple-helical collagen type I systematically arranged as fibrils, fibers and fascicles (20,33,35).
The collagen fibrils are the fundamental force-transmitting
unit of the tendon and are usually oriented in parallel with
the bone (33). These substructures are surrounded by a
superstructure with supporting function named peritenon.
This tissue is made of glycosaminoglycans hierarchically
organized in different substructures named epitenon and
paratenon (36), and more than 90% of the dry matter of
tendons and ligaments are composed of acellular support
tissue (22, 36). The anatomic architecture of tendons and
ligaments confers them high resistance against traction and
torsion during locomotion and physical activities (35).
Moreover, tendons and ligaments are vascularized only by
peripheral vessels mainly distributed in the support tissues
like the paratenon (33,36), and this characteristic cause a
slow metabolic activity and limited self-healing capacity
(27). In this context, a scaffold valuable to repair tendons
and ligaments defect should provide a similar environment
to support cell proliferation and spatial distribution. For
instance, the engineered construct should be designed to
guide the cells alignment aiming to promote the formation
of a tissue with similar mechanical properties than the native
tissue (37). Moreover, other desirable features are tenoinductivity and tenoconductivity properties, terms that
describe the ability to promote cells differentiation and
remodeling of new tissue respectively (38). In addition, a
gradient architecture is highly desirable to mimic the native
anatomy at transition site tendon-bone, tendon-muscle and
ligament-bone (39). So far, several technologies were adopted aiming to fabricate engineered scaffold to repair tendons
and ligaments. Additive manufacturing (AM), also knew as
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3D printing, is one of most promising technology currently
employed in TE. After first stereolithography presented by
Hull in mid 1980s (39), the evolution of 3D printing experienced an exponential growth, and new techniques were
developed aiming to overcome the shortcomings of oldest
technologies. Today, several kind of 3D printers based on
different operating technologies are employed to fabricate
nanopatterned and aligned (40) constructs suitable for TE
(41). However, the adequate cellularization of 3D printed
constructs is a challenge still open, and a low cell density is
a common shortcoming of scaffolds made of synthetic polymers (42). In this context, bioprinting represent a valid
alternative of 3D printing, and is more suitable to produce
scaffolds for TE. More in detail, bioprinting is based on the
use of bioink usually composed of hydrogels, and the main
advantage is the possibility to employ cell-laden. Intuitively,
bioprinted constructs show a drastically increased cell
density compared to 3D printed scaffold made of synthetic
polymers, and this feature improve the regenerative potential of the constructs. For instance, Laternser et al. (43) used
bioprinting to fabricate a cell-laden musculoskeletal tendonlike scaffold based on gelatin methacrylate bioink. However, although bioprinting has high potential in the development of engineered tendons and ligaments, the main
limitation is linked to inadequate mechanical properties of
construct made of hydrogels (44). In this context, a valid
alternative method for biofabrication of engineered
construct mimicking tendons/ligaments anatomy is textile
technology such as knitting, braiding, wet spinning, melt
spinning, and electrospinning. An example is the work
presented by Liu et al. (45), who combined knitted silk scaffold with microporous sponges seeded with human mesenchymal stem cells (hMSCs) to engineer ligaments in vitro.
More interesting appear the work conducted by Chen et al.
(46), who realized a knitted silk-collagen scaffold cellularized with human embryonic stem cells (hESC) for Achille
tendon reconstruction. However, knitting is still ineffective
to create construct with tunable properties in different
spatial directions (47). For this reason, this technique is
mainly employed in TE to produce supporting frameworks
to improve mechanical properties of scaffold fabricated
with other techniques. More promising appear the braiding
approach, in which fibers are braided in different 3D
geometrical shapes using specific platforms (48). The
mechanical properties of braided fibers are relatively easily
tunable respect to knitted fibers, and axial and radial load
stress are better supported (44). Freeman et al. (49),
achieved a systematic study on a construct for anterior
cruciate ligaments (ACL) reconstruction to analyze the
correlation of the braiding angle with the stress/strain
response. They observed that a decrease of the braiding
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angle, corresponds to an increase in tensile force. Nonetheless, braiding approach is not without disadvantage.
Currently available technologies only allow to produce
fibers with diameters up to 20 µm and with a low porosity,
which may limit cellular adhesion and proliferation. An
alternative approach to produce artificial tendon was
attempted by Kew et al. (50), who took advantage from wet
spinning to produce engineered microfibers composed of
type-I collagen organized in a pseudo-fascicle structure.
However, this technology is still affected by shortcomings
such as limited spinning rate, and low fibers drawing ratio
(51), which affects the quality of the fibers obtained. Other
approaches were attempted using melt spinning to create a
scaffold composed of poly (3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBHHx) for achille tendon repair in a
rat model (52). Nevertheless, recent finding showed that the
high operating temperature of melt spinning often interact
with the chemical integrity of the material. In addition, the
products lack in mechanical properties, and are not suitable
to be employed in the TE of tendons and ligaments (51).
One of the most promising technique adopted to produce
scaffold suitable for tissue engineering is electrospinning
(53). Even if this technique was developed and patented by
J.F. Cooley in 1900 (54), the term “electrospinning” was
introduced by Dr. Reneker and co-workers (55) in the mid
1990s, who described electrospun fibers obtained from an
aqueous solution of polyethyleneoxyde (PEO). Electrospinning take advantage from electrostatic forces to spin a polymer solution in a process that lead to solvent evaporation.
More in detail, the polymer solution is dispensed from a
syringe through a positively charged needle toward a negatively charged collector, where is collected as nanopatterned
yarns. Interestingly, the polymer solution assumes different
geometries during the process. A cone-shaped geometry is
typically observed at the extremity of the needle (Taylor’s
cone), which is composed of positively charged polymer
solution. The apex of Taylor’s cone is interrupted from the
formation of a disordered and rapid movement of polymer
nanofibers (whipping), which travel toward the negatively
charged collector. Whipping is a fundamental part of the
process and assures solvent evaporation and nanofibers
formation (56). Electrospinning in tissue engineering growingly attracted the scientific community in the last 20 years,
and over 1200 research articles were published in 2018. This
technique has become popular due to its advantages, such
as simplicity, efficiency, and the low cost of the experimental
set-up (57). Moreover, electrospinning is the unique among
textile process able to produce fibers characterized by a
nanopatterned architecture. In fact, an electrospun
construct is usually composed of fibers with nanometric
diameters (up to 100 nm), which are dimensionally compaMuscles, Ligaments and Tendons Journal 2019;9 (4)
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rable to ECM structural proteins (approximately 50–500
nm) (58). This nanometric pattern confers to electrospun
construct a high surface to volume ratio, which determine a
porous architecture promoting cells adhesion and proliferation (59), and other relevant process such as diffusion of
nutrients, waste removal (60), and the develop of vascular
network (61). Moreover, electrospinning is endowed with
adjustable parameters depending from instrumental set-up
(flow rate, applied voltage, distance needle-collector) and
from chemical properties of the polymeric solution (polymer concentration, viscosity, solvent volatility) (59), and this
high customizability allows to produce non-woven fibers
tailored to the different experimental needs. Notably, a relatively easy optimization of the polymeric solution properties
is sufficient to fabricate an electrospun solvent-free materials (62). This aspect drastically increases the biocompatibility of electrospun scaffold in comparison with construct
produced with more conventional techniques such as
solvent-casting (63). Electrospinning also contribute to
increase cellularization efficiency, a delicate step in the fabrication of a 3D engineered construct. Cell seeding within
porous 3D scaffolds is particularly challenging in construct
in which the pores dimensional distribution is too low or
too high. In this cases, cells are unable to reach the inner
portions of the construct, and tend to distributes only over
the external portion of the scaffold. The result is an insufficient cell density and an inadequate scaffold cellularization
(64-67). This issue can be addressed using electrospinning
to fabricate nanosized meshes cells-embedded. Interestingly, the low current employed (nanoamperes) in a traditional
electrospinning apparatus does not affect the cell viability
during the process (68). Moreover, recent findings report as
the use of biologically friendly solvents allow to recovery
cells from electrospun cell-embedded construct, and this
approach can be used to assess a post fabrication cells viability. Following this rationale, Eddaoudi et al. (69) and
Townsend-Nicholson et al. (70) produced electrospun scaffold from a cell-laden polymeric solution and evaluated cells
viability by flow cytometry and gene chip microarray, reporting no differences between post-treated cells and control 72
h after the scaffold fabrication.

ELECTROSPINNING AND TENDONS/
LIGAMENTS TISSUE ENGINEERING
As above described, electrospinning is widely employed
in tendons/ligaments tissue engineering to address issues
commonly related to surgical reconstructive approaches.
Adhesion and inflammation are two undesirable conditions
that limits the healing of the damaged tissue and negatively affect the surgery’s outcomes (71). To address this issue,
Muscles, Ligaments and Tendons Journal 2019;9 (4)

Chen and coworkers (72) investigated the anti-adhesion
properties of an electrospun material based on a hyaluronic
acid (HA)/polycaprolactone PCL blend. Interestingly, silver
nanoparticles were embedded into nanofibers to confer
them antibacterial properties. Scaffolds were implanted in a
rabbit flexor tendon model and showed encouraging results
in alleviating peritendinous adhesion and inflammatory
phenomena. A similar approach characterized the study of
Liu and colleagues, who fabricated an anti-adhesion electrospun scaffold made of PLLA enriched with dextran glassy
nanoparticles (DGNs) loaded with basic fibroblast growth
factor (bFGF). Notably, the authors used bFGF due to its
stimulating activity toward tendon reparation and reported
positive results onto tendons repair in a rat Achille tendon
model. Unfortunately, a complete tendon/ligament healing
after surgical repair is still limited from other unwelcome
process. Fibrosis is the most relevant of these processes,
and lead to the formation of scar-tissue at the suturing site,
which negatively affect the tissue regeneration and drastically reduce the functionality of the new formed tendon/
ligament (73). The TE approach employed to prevent fibrosis, is focused on the fabrication of cellularized constructs
to promote the formation of new specialized tissue tendon/
ligament like. With this aim, both tenocytes and mesenchymal stem cells (MSC) are currently employed. Moreover, in
the particular case of tendon/ligament tissue, the choice of
the most appropriate material also plays a key role in guiding stem cells differentiation in tenogenic lineage (table I).
Usually, a scaffold for tissue regeneration is mainly based
on biological components, which the ECM of interest is
made of. Following this rationale, Type I Collagen and Elastin are biomaterials widely employed in tendon/ligaments
TE (74-76). More in detail, Type I Collagen is broadly
considered thanks to its tenoinductive and tenoconductive
properties and is often employed to realize monocomponent scaffold (77, 78). However, despite its biocompatibility, collagen lacks in mechanical properties, and the use of
additional polymers is required to address this issue. Elastin is often employed as structural additional component
to increase the elastic properties of monocomponent scaffolds Collagen-based (79). More frequently, silk-fibroin
(SF) is employed to improve the mechanical properties of
collagen-based scaffolds. SF is attractive because is a natural macromolecular protein composed of amphiphilic block
copolymers with a hydrophobic portion, ordered and highly
conserved, and a hydrophilic portion, less ordered and relatively more complex (80-82). The presence of these blocks
confers to SF high elasticity and toughness (83). Maghdouri-White and coworkers (84) exploited the properties of SF
to increase the mechanical properties of a collagen-based
scaffold aiming to repair tendon. More in detail, the author
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Table I. Materials most commonly employed to fabricate scaffold for tendons/ligaments tissue engineering.
POLYMER

CLASS

ADVANTAGES

DISADVANTAGES

Type I Collagen

Natural

Tenoinductivity,
Tenoconductivity (41, 42)

Complexity of the structure,
Poor elastic properties (57)

Silk Fibroin

Natural

Elasticity, toughness (48)

Expensive, short-term material (121)

Poly-glycolic acid (PGA) Synthetic

High biocompatibility (58)

Low yield elongation rate (71)

Poly Lactic Acid (PLLA) Synthetic

High biocompatibility (60)
Easily electrospinnable (65)

High rigidity, low deformability (43)

Polydioxanone (PDS)

Synthetic

Mechanical properties, flexibility (61)

Not easily electrospinnable (105)

Polycaprolactone (PCL)

Synthetic

High biocompatibility, not expensive (75)

High hydrophobicity (109)

electrospun a SF-Collagen blend enriched with bone
morphogenetic protein-13 (BMP-13) to confer chemoattractive properties to the scaffold. Interestingly, constructs
promoted cells migration and adhesion over human tenocytes and adipose derived stem cells (ADSC) in vitro and
make the route for an innovative approach in tendons/ligaments repair.
Following the same rationale, Kwon et al. (85) fabricated electrospun scaffold composed of a silk-based hollow
thread filled with a mixture of collagen/chondroitin-6-sulfate to treat tendon injuries. Scaffolds were then implanted
in a tendon defect rabbit model to assess the regenerative
properties. The authors report that the construct was effective toward cells migration and orientation, and mechanical properties evaluated ex vivo were comparable to native
Achille tendon.
The main role of a scaffold for tendon/ligament TE is to
provide a mechanical support until the newly regenerated
tendons become mechanically competent. For this reason,
beside the use of natural polymers several efforts were
accomplished to introduce the use of electrospinnable and
biocompatible synthetic polymer, characterized from higher
resistance to mechanical stress (86).
This kind of polymers are highly customizable thanks to
the presence of pendant functional groups, and this feature
ensure optimal intra- and inter-chain entanglement necessary for a successful electrospinning process.
Moreover, a synthetic polymer can be tailored to produce
nanopatterned ECM-mimicking materials, composed of
heterogeneous matrix characterized by gradients-architecture (87). As demonstrated by Samavedi et al. (88), a
heterogenous gradient-matrix is able to improve the osseointegration of ligament grafts by mimicking the ligament-bone (L-B) interface characteristic of the native tissue.
The authors fabricated a graded co-electrospun scaffold
nHAP-doped made of poly-caprolactone (nHAP-PCL)
and poly-ester urethane urea (PUR), with a spatial gradient in nano-hydroxyapatite (nHAP) content (ES scaffold)
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and subsequently immersed these scaffolds into a simulated body fluid to develop a second mineral gradient (SBF
scaffold). The incorporation of a mineral phase like HAP
into/onto scaffolds has been shown to influence mesenchymal stem cell behavior including attachment, osteoblastic
differentiation and phenotypic maturation. The SEM images show nHAP particles size which have an average diameter around 200 nm (figure 1a). After treatment with 5 x SBF
(simulated body fluid), the nHAP-PCL (ES) fibers were
found to be covered with calcium phosphate mineral layer
(CaP). Moreover, the fibers in this nHAP-PCL (SBF) region
(figure 1c) were found to be coated with more crystallites
than the fibers in the PUR (SBF) region (figure 1d).
The cell metabolic activity was found to be active in all
region of both scaffolds, showing an increasing of activity
from day 1 to day 7 (figure 2a and b). ES scaffold shows a
higher cell proliferation at both time points.
Another synthetic polymer considered to produce electrospun scaffold is poly glycolic acid (PGA), an highly biocompatible aliphatic polyester widely employed in tissue engineering characterized by a high molecular weight, property
that confers toughness and a high melting point (about 225
°C) with acceptable mechanical properties (89). However,
PGA suffer a short in vivo degradation rate, that is usually
included between 2 to 4 weeks (90). Therefore, in the context
of the tendon tissue engineering PGA can be useful only in
the treatment of small injuries. The PGA is easily electrospinnable into nanostructured matrices with high mechanical properties and fast degradation time (91). The high
biocompatibility of PGA was demonstrated in a comparative study conducted by Wagenhäuser and coworkers (92).
More in detail, the authors produced a scaffold composed of
PGA/PDS (PP-sca) and used a collagen-sponge (Col-spo)
as reference (figure 3) construct, aiming to repair tendon
employing the tendon in situ regeneration (TSR) technique.
Tenoinductive properties of both scaffolds were tested
in vitro after seeding with human tendons-derived cells
(hTDCs) isolated from the long head of the biceps tendon
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 1. SEM micrographs of: (a) nHAP particles used to fabricate ES scaffold (scale bar: 600 nm), (b) nHAP-PCL (ES) region,
with arrows showing incorporated nHAP partially exposed on the surface of fibers (scale bar: 2 mm), (c) nHAP-PCL (SBF) region,
with arrows showing mineral crystallites (grown from 5 x SBF) decorating fibers (scale bar: 10 mm) and (d) PUR (SBF) region,
with arrows showing mineral crystallites (grown from 5 x SBF) decorating fibers (scale bar: 10 mm). Fiber diameters for nHAPPCL and PUR were designed to be significantly different for imaging purposes only.
Reproduced with permission (Samavedi et al., 2012) Copyright 2012, Elsevier.

Figure 2. Cell metabolic activity on ES and SBF scaffolds, as determined by an MTT assay. Absorbance values correspond
to mean _ standard error of mean for n ¼ 5 samples. An asterisk indicates statistical significance (p < 0.05) compared to the
nHAP-PCL region within the same scaffold and time point. An ampersand indicates statistical significance (p < 0.05) compared
to corresponding regions in the ES scaffold within the same time point. A pound symbol indicates statistical significance (p <
0.05) compared to activity on respective regions at day 1.
Reproduced with permission (Samavedi et al., 2012) Copyright 2012, Elsevier.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 3. Scaffolds for TTE used for cell seeding experiments in this study. Collagen sponge with a basal strengthening
membrane (TissueTek) (a). PGA/PDS scaffold (Ethisorb, Ethicon) (b).
Reproduced with permission (Wagenhäuser et al., 2015) new therapeutic strategies need to be developed. Tendon in situ
regeneration (TSR Copyright 2015, Springer).

(LHB), and the results revealed an analogous cell-doubling
time. However, if in one hand the PGA scaffold promoted
cells adhesion and proliferation, in the other side the tensile
strength was not enough to provide an adequate mechanical support for clinical use. For this reason, the interest
of scientific community is moving toward the use of more
performant electrospinnable synthetic materials.
Polylactic acid (PLA) is one of the most promising biocompatible synthetic polymers suitable in tissue engineering use.
The presence of a methyl group in the backbone confers a
high hydrophobicity to the PLA, and this chemical feature
drastically affect the in vivo degradation time, that is typically of 30-50 weeks (93). The high biocompatibility of the PLA
is linked to the chemical nature of its degradation products.
In humans, PLA is hydrolyzed in vivo to α-hydroxy acid,
which are part of the metabolic pathway of the tricarboxylic acid and is easily excreted. Therefore, the PLA degradation products are non-toxic (92) and FDA approved also for
contact with biological fluids (94). The overall characteristic of the PLA highly depends on chemical-physical properties such as crystallinity grade, molecular weight (Mw),
and stereoisomeric content 95. In fact, the PLA exist in form
of two different stereoisomers, the poly (L-lactide) (PLLA)
and the poly (D-lactide) (PDLA), or as the enantiomeric
mixture, the poly (DL-lactide) (PDLLA) (96). The PLLA
represent the most useful form of the PLA in term of electrospinnability (97). In fact, if PLA show a low crystallinity
grade (96), in the counterpart PLLA is about 37% crystal484

line with a Tm of 175–178 °C and a Tg of 60-65 °C (98) and
appear more resistant to the mechanical stress commonly
applied during the electrospinning process. These chemical-physical characteristic drastically affect also the in vivo
degradation time of the PLLA, that is about of 2 years (99).
As shown by Yin et al. (100) the PLLA is a promising material to be employed to produce scaffold able to promote the
regeneration of the tendinous tissue. The authors conducted
a study onto an electrospun scaffold based on PLLA seeded
with human tendon stem/progenitor cells (hTSPCs) aiming
to investigate the ability of the construct to promote the
hTSPC differentiation. Furthermore, the activity of hTSPCs
on aligned nanofibers was investigated and compared with
randomly-oriented nanofibers. Results suggested that both
aligned and randomly-oriented PLLA scaffolds were able to
promote cells adhesion and proliferation, and aligned meshes showed higher mechanical properties and promoted cells
orientation (figure 4).
However, we believe that one of the most remarkable study
focused on electrospun PLLA meshes aimed to repair
tendon injuries was presented by Barber et al. (101). In this
work the authors produced braided nanofibrous scaffolds
(BNFSs) composed of aligned meshes and seeded with
human mesenchymal stem cells (hMSCs). The constructs
were then incubated under differentiating stimuli and were
able to produce new tendinous tissue. In our point of view,
the attractive side of this work is the ability of the PLLA
to support the hMSC proliferation and, more interestingMuscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 4. SEM micrographs (3000 µm) of
electrospun PLLA with
aligned (A) and randomly-oriented (B) fibrous
scaffold surface morphology (scale bars = 10 mm).
SEM micrographies of
hTSPCs cultured on the
aligned (C) and randomly-oriented (D) scaffold
respectively (scale bar =
5 µm). Confocal micrograph of CFDA-stained
elongated hTSPCs on
the aligned scaffold (E)
and on the randomly-oriented scaffold (F) (scale
bar = 50 µm). Load–
strain curves of aligned
and randomly-oriented
fibrous scaffolds (G).
Reproduced with permission (Yin et al., 2010)
Copyright 2010, Springer.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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ly, their differentiation into a tenocyte lineage. Beside PLA,
polydioxanone (PDO) is another versatile polyester to be
used in tendons/ligaments TE. PDO is characterized by
high biocompatibility and is widely employed as suturing
material in surgical field. It is not a pure polyester but can
be better defined as poly (ether-ester), due to an ether bond
in the main chain. It is characterized by a high crystallinity
degree, that is usually about of 55%, a Tm ~ 60°C, and a
Tg ~ 0°C. PDO show a tensile strength ~ 48 MPa and elongation modulus of about 1500 MPa (93). The inclusion of
an ester oxygen in the monomer backbone confer to PDO
an excellent flexibility and good mechanical properties (93).
PDO was successful electrospun from 2,2,2-trifluoroethanol
(TFE) (Padmakumar et al., 2019) (102) or 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) (103) and employed for tendon
tissue engineering (104). One remarkable study was
conducted from Hislop et al. (105), that employed PDO
to realize an electrospun patch aimed to support rotator
cuff tendon self-healing after surgery. Human tendon-derived cells (hTDCs) were seeded into the patch, and cells
proliferation was observed within 4 weeks suggested an in
vitro tenoinductive effect of the construct. By following a
similar rationale Hakimi and co-workers (106) produced a
biocompatible composite electrospun patch for improving
the physiologic healing rates of rotator cuff repairs. In this
case a three-layer scaffold was fabricated by following an
architecture PDO/PCL/PDO. External portions of PDO
were composed by randomly-oriented microfibers and
aligned nanopatterned meshes, with support and cell-attraction function respectively. Central portion of PCL had
a mechanical role aimed to separate two PDO portions
(figure 5). Composite scaffold was then seeded with hTDCs

and proliferation and differentiation were evaluated by in
vitro and in vivo tests over rat models, according to the ethical guidelines (126). Results showed good properties in term
of tenoinduction and new tendon tissue was able to growth
onto implanted scaffold (figure 6).
Another synthetic polyester employed to develop new electrospun material for tendons/ligaments TE is polycaprolactone (PCL) thanks to its relatively low cost compared to
the most part of electrospinning biomaterials. Chemically,
PCL is a semi-crystalline polyester characterized from five
non-polar methylene groups in its repeating unit, and this
chemical composition confers to the PCL a high hydrophobicity. As direct consequence, PCL is characterized from a
long in vivo degradation time, that is usually between 12 to
24 months (107) and is often employed in tissue engineering as blending agent to modulate the in vivo degradation
time of other biomaterials (108). As reported from Orr et al.
(109), the PCL represent a promising material to promote
the regeneration of damaged tendon tissue. More in detail,
the authors fabricated aligned multilayered electrospun
nanofibrous scaffolds based on PCL and cellularized with
human adipose stem cells (hASCs).
Accurate analyses reported a relevant adhesion and differentiation of human adipose stem cells (hASCs) onto electrospun nanofibers, as well as a significantly relevant increase
in the expression of tendon-related genes. Moreover, the
construct promoted collagen fibers alignment, and drastically increased tendon-related gene expression. Further
studies conducted in vivo in murine models also underlined the noticeable mechanical properties of electrospun
PCL scaffolds (110) and their complete integration with the
surrounding tendon tissue (111).

An electrospun mat of oriented PDO
nanofibres to provide cell guidance

An electrospun
mat of randomly
oriented PCL
nanofibres to bind
the components
layers
A strong, pain weave of
PDO monofilaments to
provide mechanical support

Figure 5. SEM micrographies of cross-section of the layered scaffold (A), of the micropatterned layer (B), of the PCL layer (C)
and of the alaigned nanopatterned layer (D). Schematic description of the design rational behind the layered scaffold (E). Scale
bars = 100 µm.
Reproduced with permission (Hakimi et al., 2015)Copyright 2015, Elsevier.
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Figure 6. In vivo rat model referring to the rat shoulder (A). SEM micrographies showing new tissue growing onto the scaffold
after 2 weeks (B), 4 weeks (C), 6 weeks (D) and 12 weeks (E). The capsule size increased up to 2 weeks in vivo, after which it was
reduced and better-defined over 12 weeks (F).
Reproduced with permission (Hakimi et al., 2015). Copyright 2015, Elsevier.

In the context of tendons/ligaments TE, recent tendency is
addressed to fabricate electrospun materials composed of
polymeric blend, which has the main advantage to improve
the overall features of the final product. In particular, the
most efficient approach is to employ a mixture of natural/
synthetic polymers in which the natural polymers confer
high biocompatibility and good cellular response to the
scaffold. At the same time, the synthetic polymers compensate for the lack in mechanical properties which the natural polymers are affected from. Several scientists demonstrated that blended-material showed improved features if
compared to single polymeric component. For instance, Sun
et al. (112) produced a coelectrospun scaffold based on poly
(lactic-co-glycolic acid)/collagen I-polycaprolactone/nanohydroxyapatite (PLGA/Col-PCL/nHA) aimed to repair
massive rotator cuff tears (MRCTs). Human fibroblasts and
Muscles, Ligaments and Tendons Journal 2019;9 (4)

osteoblasts were seeded onto PLGA/Col and PCL/nHA
respectively, and the cellular proliferation was sensibly higher in blended scaffold if compared to simple PLGA and
PCL nanofibers. A similar approach was followed Xu et al.
(113) that fabricated 3D networks of electrospun nanoyarn
scaffold composed of PLLA/PCL matrix enriched with
Type I collagen. After seeding with Tendon Cells (TDc) they
demonstrate that this cytotype maintained native morphology and, in addition, the scaffold promoted cellular proliferation. Other following studies (114) demonstrate the
evidence that the same system with aligned fibers, seeded
with Tendon-Derived Stem Cells (TDSCs), promoted the
regeneration of injured rabbit patellar tendons, and this
activity is triggered by mechanical stimulation. By following the same rationale several groups worked on use of SF
blended with synthetic polymers for application in TTE.
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Thanks to above described characteristics of the SF, several
groups studied and developed tissue engineered based on
the employ of this biomaterial (45, 115-123). Analogously,
Yang et al. (124) worked to obtain a scaffold suitable for
tendon repair, and produced a nanoyarn-reinforced nanofibrous scaffold (NRS) composed by silk fibroin (SF) and
poly (l-lactide-co-caprolactone) blends and obtained scaffolds were seeded with bone marrow-derived mesenchymal stem cells (MSCs). Following in vitro studies revealed
a sensibly higher proliferation rate inside NRS meshes if
compared with correspondent traditional random and
aligned electrospun scaffolds.

CONCLUSIONS AND PERSPECTIVES
Tendons and ligaments healing is a physiologically slow
and incomplete process, which is not able to regenerate
new functional tissue. Fibrotic tissue usually replace the
native one after an injury, compromising the functionality
of the affected site. As far, surgery is the approach commonly adopted to repair tendons/ligaments tear and lesion.
However, this approach is affected by high failure rates,
which may be around at 75% in some case of rotator cuff
repair. In this context, TE represent a promising approach
potentially able to promote the regeneration of tendon and
ligament tissue-like, and to improve the patients’ quality of life. Today several advanced technologies are available to fabricate constructs suitable for tendons/ligaments
TE. However, often they are not able to respond to high
demanding environment such as tendons and ligaments.
For instance, 3D printing still leak in pores consistency and
dimensions (125), and in mechanical properties (127). The
use of more conventional method like solvent casting, are
affected from important disadvantages, mainly linked to

the presence of organic solvent residues, and to the difficulty in molecules incorporation. Textile technologies appear
be more indicated to reproduce anisotropic architecture of
tendons and ligaments. Nevertheless, textile methodologies
such as braiding or knitting are affected by important drawback such as limited spinning rate, low fibers drawing ratio
(51), and low customizability. To date, electrospinning is the
most adequate technique to produce a construct mimicking
the complex tendons/ligaments architecture. Electrospun
nanofibers are characterized from a nanopatterned architecture reproducing tendons/ligaments ECM. Moreover,
the possibility to fabricate aligned constructs, positively
affect the regenerative outcomes, promoting cells adhesion
and proliferation. Furthermore, nanopatterned architecture
of electrospun construct is characterized from high porosity,
which promote the nutrients diffusion toward resident cells.
However, several issue should be addressed to promote a
clinical translation of electrospun constructs to repair
tendons and ligaments. One negative aspect is the difficulty
in the control of the pore network, which is still imprecise
and unpredictable. Moreover, the low yield of the electrospinning process negatively impact the pathway toward an
industrial scalability.
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SUMMARY
Background. The purpose of this study was to compare subacromial bursa to concentrated bone marrow aspirate (cBMA) in a murine, tendon-bone healing model. The
authors hypothesized that subacromial bursa would show similar biomechanical,
histological, and cell survivability to that of cBMA.
Methods. Thirty-nine NSG mice were included in the study. All mice underwent simulated patella tendon avulsion injuries and were divided into one of three treatment
groups: subacromial bursa, cBMA, or fibrin clot only. Subacromial bursa and cBMA
were obtained from a single patient during primary arthroscopic rotator cuff repair
(male, age: 57 years). All mice were sacrificed at 2 weeks for biomechanical, histologic,
and immunohistochemistry evaluation. Biomechanical analysis included load to failure
and stiffness, with the contralateral knees used as controls. Human PCR analysis was
performed to confirm survivability in the bursa and cBMA groups.
Results. With respect to the contralateral intact limb, treatment with subacromial
bursa significantly increased load to failure (66% of intact) compared to fibrin only
(47.87% of intact, P=0.018). cBMA was found to restore tendon strength to 49.9% to
its intact side, however no significant difference was found when compared to bursa
(P=0.06). No significant difference in stiffness was found between groups. Human
nuclear antigen was positive in 75% of the bursa treated mice compared to only 25%
of the cBMA specimens.
Conclusions. Subacromial bursa tissue demonstrated significant improvement in tendon
strength compared to fibrin clot treatment (acellular control) at 2 weeks. Increased
human cell survivability was also demonstrated using bursal tissue compared to cBMA.
KEY WORDS
Shoulder; rotator cuff; bone marrow aspirate; subacromial bursa

BACKGROUND
Pathology to the rotator cuff tendon has become one of
the most common soft tissue injuries, affecting 30-50% of
patients over the age of fifty (1). Recurrent tears after rotator
cuff repair have remained an issue, with larger tears having
re-tear rates as high as 94% (2-10). This lack of healing at
the tendon-to-bone interface has been attributed to several
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predisposing factors, including chronicity of injury, muscle
atrophy, and tendon quality at the time of repair (4). These
risk factors have been shown to correlate with a decreasing
number of mesenchymal stem cells (MSCs) present at the
tendon-bone interface (11). This has given rise to augmenting rotator cuff repair using cell-based regenerative techniques to increase healing potential (12-14).
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Pluripotent MSCs have garnered recent attention for their
ability to differentiate into variable mesodermal tissue,
allowing for an ideal environment for healing and tendon
incorporation (15). Previous animal models examining
autologous MSCs in tendon healing have demonstrated improved mechanical resistance, along with increased
fibrocartilage formation at the repair site (16-18). Multiple sources for these MSCs have been described, including adipose tissue, muscle, and most commonly from bonE
(18).
Bone marrow derived stromal cells are the current gold
standard for MSCs, showing promising results in various
in-vitro studies (19, 21, 22). Hernigou et al. compared bone
marrow augment to rotator cuff repair alone, and found
that patients with bone marrow augment had significantly
higher rate of rotator cuff healing (12).
This was also similarly shown by Gomes et al. in their case
series of 14 patients, which found no re-tears after rotator cuff repair using bone marrow aspirate (23). Although
traditionally obtained from the iliac crest (24), Mazzocca
et al. has described a method for collection from the proximal humerus, to allow for a more suitable source during
arthroscopic rotator cuff repair (25). This site has previously been shown to have similar number of MSCs to that of
the distal femur (26).
Despite clinical evidence in support of bone marrow aspirate, other sources continue to be investigated. Recent
attention has been placed on the subacromial bursa,
which has been shown to be a potent source of MSCs,
with the ability for tenocyte and osteocyte differentiation
(27, 28). Although the bursa is commonly removed during
arthroscopic repair, the regenerative and pluripotent properties could offer a potential source of MSCs that is easily
accessible during surgery (29).
Yoshida et al. identified bursa as the origin of progenitor
cells involved in the healing response to a murine supraspinatus injury model (30). Dyrna et al. recently compared
the use of subacromial bursa to concentrated bone marrow
aspirate (cBMA) in an animal tendon defect model, and
found that the implanted bursal cells displayed superior
tissue engraftment and survival (31).
However, their study examined mid-substance tears instead
of the tendon-bone interface, which is the problematic area
in rotator cuff healing (31).
The purpose of this study was investigate cellular viability, survival, and biomechanical strength in a murine patellar avulsion defect model with either cBMA or subacromial
bursa.
The authors hypothesized that subacromial bursal cells
would show superior healing and tendon repair strength
when compared to cBMA.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

MATERIALS AND METHODS
Experimental Design
Subacromial bursa tissue and bone marrow aspirate
obtained from the proximal humerus were from a single
patient undergoing primary rotator cuff repair; a 57 years
old male. Institutional review board (IE-07-224-2) was
obtained prior to initiation of the study. Subacromial bursa
and bone marrow aspirate were taken from the same donor
during a single surgery to minimize genetic/epigenetic variation between patients and to provide direct comparisons
between the two cell types. Subacromial bursal tissue and
cBMA were placed in a fibrin clot and implanted in a mouse
patellar avulsion injury the same day the cells were acquired
from the subject. NOD scid gamma (NSG, NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ) mice (Jackson Laboratories, Bar
Harbor), incapable of mounting an immune response to
human tissue, were utilized in this study. In addition, a third
control group was included and consisted of mice treated
with a fibrin clot alone, which did not contain any human
cells. Each mouse had a hind-leg that was randomly assigned
to undergo a patellar tendon avulsion injury. The contralateral hindleg was utilized as an additional control to adjust
for variations noted in tendon strength between mice based
on preliminary testing. Mice were then randomly assigned
to treatment with either cBMA, subacromial bursal tissue,
or fibrin clot only. Thirty-nine NSG mice were initially
obtained, to allow for 13 mice in each of the three treatment
groups. Mice were sacrificed 2 weeks following surgery,
and were randomly assigned to either immunohistochemistry (N=12, 4 per treatment group) or biomechanical testing (N=27, 9 per treatment group) (figure 1). Biomechanical
testing was chosen to be performed at 2 weeks postoperatively, as pilot testing demonstrated earlier time-points did
not allow for adequate healing time for the tendon to be
tested. Further time-points were also not tested, as previous models have demonstrated no significant difference in
biomechanical strength at 4 weeks (32, 33).

Harvest Tissue Technique
During primary arthroscopic rotator cuff repair, subacromial bursal tissue over the rotator cuff tendon was obtained
using a grasper through a lateral portal. BMA was then
collected from the proximal humeral head using a technique
previously described by Mazzocca et al (25). It should be
noted that the proximal humerus is an ideal location for
harvesting bone mesenchymal stem cells during rotator cuff
repair, as the epiphysis is made up of trabecular bone and is
a source rich of hematopoietic cells (25). Briefly, a 14- gauge
bone marrow aspiration trocar was fit with a 60-mL syringe
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Total Mice Undergoing
Patella Tendon Defect
(N=39)

Subacromial Bursa +
Fibrin Clot
(N=13)

Biomechanics
(N=9)

IHCa &
Histology
(N=4)

Fibrin Clot Only
(N=13)

Biomechanics
(N=9)

IHCa &
Histology
(N=4)

cBMA + Fibrin Clot
(N=13)

Biomechanics
(N=9)

IHCa &
Histology
(N=4)

Figure 1. Schematic diagram of mice randomization to treatment group after surgery. aAbbreviation; IHC: Immunohistochemistry.

containing 3 mL of Anticoagulant Citrate Dextrose Solution A (ACD-A) (Baxter Healthcare Corp). The trochar
was then inserted to a depth of 2 to 3 cm into the medial
aspect of the greater tuberosity (Bone Marrow Aspiration

Kit; Arthrex) to create a tunnel for aspiration. This tunnel
was later used for the medial suture anchor for rotator cuff
repair. Finally, BMA was aspirated into two 60- mL syringes,
for a total of 120 mL of aspirate (figure 2).

Figure 2. Bone Marrow and Bursa Collection and Preparation. (A) Arthroscopic posterior
portal view of bone marrow being aspirated from the proximal humerus (B) Operative image
of bone marrow aspiration from the proximal humerus. (C) Concentrated bone marrow cells
after the bone marrow aspiration was centrifuged. (D) Arthroscopic posterior portal view of
bursa tissue being collected from the subacromial space. (E) Bursa tissue after collection and
(F) bursa tissue after is was mechanical chopped with tenotomy scissors.
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Cell Culture and Processing
Following collection of each cell tissue, samples were
brought to the lab for further processing. BMA aspirate was
concentrated using an automated centrifugation system for
25 minutes (Angel system, Arthrex) (31). Following centrifugation, the bone marrow concentrate was then ready to be
placed in a fibrin clot. For all concentrated bone marrow
samples, nucleated cell counts were recorded using a Z1
Coulter Particle Counter (Beckman Coulter Life Sciences, Indianapolis, IN, USA) to determine the approximate
number of cells delivered to mice.
For the bursal tissue, total weight was first recorded and
then the tissue was chopped using a small blunt-tip tenotomy scissors (Integra Life Science, Plainsboro NJ) onto a
petri dish. Following chopping, the chopped bursa was
then ready to be placed in a fibrin clot. In order to calculate
the approximate number of bursa cells delivered to mice,
chopped bursa (0.2g) was then plated in DMEM containing
10% FBS and 0.1% penicillin/streptomycin sulfate. Bursa
cells were grown in a tri-gas incubator at 37o with 5% O2
and 5% CO2. Nucleated cells counts were then performed
using a Z1 Coulter Particle Counter (Beckman Coulter Life
Sciences, Indianapolis, IN, USA) after cells were incubated
for 2 weeks. Of note, this study used a mechanical method of
isolating bursa cells instead of an enzymatic method which
utilizes a collagenase. Mechanical isolations methods have

been reported as an effective and faster method of isolating
stem cells from adipose tissue (34). In addition, mechanical
methods avoid the use of collagenase which may interfere
with bone-tendon healing and therefore has a better clinical
application.

Patellar Tendon Defect Model and Implantation
All animal experiments were performed under an approved
Institutional Animal Care and Use Committee (IACUC)
protocol at UConn Health (101111-0718). Thirty-nine
male NSG mice (Jackson Laboratories, Inc, Bar Harbor
ME) were used, all at 14 weeks of age. All mice underwent a single leg surgery under isoflurane anesthesia, with
the surgeon blinded to the treatment group. Surgery was
performed using an anterior midline incision over the proximal tibia, and the patella tendon insertion was identified
and cut at the most distal point (figure 3). After dissection,
any remaining tendon stump at the tibial tuberosity site was
rasped away. The mice were then randomly allocated to
treatment groups, allowing for 13 per group. One of three
possible adjuvants were placed underneath the tendon, at
the bone-tendon interface: (1) fibrin clot + BMCs (4μL),
(2) fibrin clot + subacromial bursal cells (2 mg of chopped
bursa), and (3) fibrin clot only. The fibrin clot was created
as a cell or tissue carrier by combining 4-μl of fibrinogen

Figure 3. Mouse patellar tendon avulsion injury. (A) An incision was made directly over the patellar
tendon and the tendon was separated from the capsule. (B) The patellar tendon was incised at the
tibia and any remaining tendon was rasped away at the tibia. (C) The injury was then treated with a
fibrin clot comprised of human bone marrow cells, bursa tissue, or no human cells. (D) the wound
was then closed with 7-0 prolene sutures.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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(20 mg/ml, bovine fibrinogen, Sigma Aldrich) and 8-μl of
thrombin (40 U/ml, bovine Thrombin, Sigma Aldrich) for
30 seconds, resulting in a cell-gel construct. Depending on
the treatment group, 4 μl of BMCs, 2mg of chopped bursa
or no cells were placed in the fibrin clot. The tendon stump
was placed over the fibrin clot without being repaired. The
decision to not repair the tendon was based on preliminary biomechanical data in our lab, which demonstrated no
biomechanical difference in repaired versus non-repaired.
The skin was then approximated and closed with 7-0 nylon
suture (Ethicon). The mice were then sacrificed at two
weeks postoperatively for either biomechanical or immunohistochemistry. Both surgical and nonsurgical hindlegs were
harvested with the latter serving a normal control.

Biomechanical Testing
Mice allocated to biomechanical analysis had their hindlegs
frozen in normal saline and were thawed to room temperature. The hindleg was dissected until only the quadriceps,
patella, patella tendon and tibia and fibula remained (figure
4). The tibia and fibula were then potted in metal cylinders
using bone cement (PMMA), with the tendon constantly kept moist. Next, the patella tendon was gripped with
a custom-made fixture to a servohydralic system (MTS,
Eden Prairie MN) (31). Similar to the setup of Dyrna et al.,
the lower limb grip could be adjusted in the X-Y plane to
ensure that the tendon was vertical at the time of testing
(figure 5) (31).
Samples were preloaded to 1N for 20 seconds, and then
loaded to failure at 0.05mm/second using the MTS machine.
Load to failure (N, Newton) and stiffness (N/mm) of the
tendon was recorded. Stiffness was measured as the slope

of the force and displacement curve. The non-operative leg
underwent biomechanical testing to serve as a control for
variations in tendon strength between mice.

Histology and Immunohistochemistry
Four mice of each of the three different treatment groups
were assigned for histological evaluation. Once the mice
were sacrificed, the hindlegs were then fixed in formalin
for five days and incubated in 30% sucrose solution overnight (31). The tendon was embedded in Cryomatrix (Thermo Fisher Scientific) and multiple serial sections (7-8 mm)
were made along the distal stump of the tibial insertion.
These sections were then glued onto a slide with chitosan
and underwent Toludine blue staining and specific antibody
staining was performed for human nuclear antigen, DAPI,
collagen I and collagen III. The non-operative extremity
was also assessed as a comparison.

Cell Survival
Twelve remaining mouse specimens, six from BMC and
bursa individually, were further analyzed for the presence
of human Col1A1 gene in order to confirm the human cells
survived following implantation. In addition, two specimens treated with fibrin clot only, no human cells, were
utilized as controls. Corresponding fixed samples, embedded for immuno-histochemistry analysis, were cryosectioned (50 µm) and the tissue pieces from the section were
placed into 1.5 ml microfuge tubes. Tissues were lysed at
95°C for 30 min in 100 µl of Alkaline lysis buffer (25 mM
NaOH and 0.2 mM EDTA), then neutralized with 100 µl of
neutralization buffer (25 mM Tris HCL, pH6.8). Samples

Figure 4. Mouse hindleg dissection
for biomechanical analysis. (A)
An injured hindleg after hip/ankle
disarticulation and skin removal.
(B) The same hindleg after removal
of muscle, leaving the tibia, fibula,
patellar tendon, and patella. (C) The
tibia and fibula were potted in a
metal cylinder with cement leaving
the patellar tendon exposed for
biomechanical testing.
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Figure 5. Biomechanical Set-up.
(A) The MTS machine with a
100-lb load cell. (B) Coned in
image of the metal cylinder and
specimen. The cylinder was placed
upside down and the patella was
held by a clamp.

were centrifuged at 8000 gx for 10 min, and 2 µl of the
supernatant from each sample were used for qPCR. 310
bp human COL1A1 gene sequences flanking the introns
and exons around exon 22 and 23 were used to align with
the mouse Col1a1 gene using the Nucleotide Blast search
tool (nucleotide>nucleotide) published by the National
Center for Biotechnology information (NCBI) for guiding the primer design. The mouse forward primer (5’
CCCACTCCAGGGTGCTAC) contained 5 mismatches to
the human corresponding sequences, with 2 mismatches in
the 3’ end. The human forward primer (5’ CCTGCTGGAGAGGAAGGAAAG) contained 3 mismatches to the
mouse sequence with 1 mismatch in the 3’ end. The reverse
primer was designed to the sequences with 100% matches between human and mouse (5’ CCAGGGAAACCACGGCTAC). The size of the PCR amplicon for each mouse
was 232 bp, while for human cells was 201 bp. The 31 bp of
the size difference was distinguishable on the 2.5% agarose
gel. The PCR annealing temperature was determined at 62
C0 by the temperature gradient test, which was the optimum temperature for both mouse and human PCR. Therefore, the multiplex gPCR reaction from mixing both mouse
and human forward primers with mouse/human shared
reverse primers in the same reaction tube, was designed.
After 35 PCR cycles, two clear PCR products in the right
corresponding sizes were observed on the 2.5% agarose
gel. Within the 201 bp of human PCR product, a Xho1
Muscles, Ligaments and Tendons Journal 2019;9 (4)

restriction digest site was identified, which digested the
PCR product into two fragments with sizes of 28 bp and
173 bp. The 28 bp fragment was undetectable on 2.5%
agarose gel, however the 173 bp fragment was observed on
2.5% agarose gel, and the size difference of human PCR
product digested by Xho1 was then distinguishable on
2.5% agarose gel and served as further indication of human
COL1A1 gene in the tested samples.

Statistics
Pilot data from our laboratory was used to determine an
adequate sample size. A sample size of 8 mouse per group
provides 80% power to detect a 0.5 N difference in load
to failure with a standard deviation 0.52 at an alpha level
of 0.05. For both stiffness and load to failure, raw values
were reported as a percentage of the normal contralateral
limb. A general linear model with a logit link and the binomial family was used to examine differences in load to failure and stiffness between treatment groups. This approach
is appropriate for the analysis of proportional data and
produces predicted values that range between 0 and 1.
Robust standard errors were obtained in each model. This
An alpha level of 0.05 was set for all analyses. All statistical analysis was performed using Stata 14 (StataCorp. 2015.
Stata Statistical Software: Release 14. College Station, TX:
StataCorp LP).
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RESULTS
The mean weight of all mice was 30.67 (SD= ± 2.56), with
no differences found between groups (P=0.0971). The
number of human cells from the cBMA was approximately
8,400 cells for each mouse randomized to the cBMA treatment group, while approximately 1,265 bursa cells were
used per mouse in the bursa treatment group.

Biomechanical Testing
Of the 27 mice allocated for biomechanical testing, one
mouse from the cBMA and one from the subracromial bursa treatment group was excluded due to errors in
initial biomechanical settings, leading to the specimen being
destroyed before data could be obtained. This left 25 mice
in total for complete testing (table I). Mean load to failure
of the normal contralateral leg was 12.11 N (SD=±2.56)
for all mice. For treatment groups, subacromial bursa was
found to restore tendon strength to 62.2% (SD ±10.2%)
of the normal contralateral tendon strength, compared to
only 49.87%(SD ±16.4%) using cBMA (P=0.06). When
compared to fibrin clot only (47.87%, SD ± 15.6%), treatment with subacromial bursal tissue demonstrated significantly higher tendon strength in relation to its contralateral tendon (P=0.018). The mechanism of failure occurred
through the scar of the defect created in all treatment
groups, while the normal tendon cohort all failed at the tibial insertion.
In relation to the normal contralateral limb, subacromial
bursa restored tendon stiffness to 35.9% (SD ± 17.3%) at
two weeks (table I). Similar findings were seen in the cBMA
(38.12%, ± 12.3%) and fibrin clot only group (35.9% ±
17.3%) (P=0.657).

tendon. Histologic evaluations of the tissue using a Leica
Microscope (Leica Microsystems Inc., Buffalo Grove IL) at
10X magnification revealed increased cellularity and disorganized collagen formation at the tendon-bone interface.
Healing was seen throughout the fibrocartilage tissue at the
bone-tendon interface in all three cohorts (figure 6).
Immunohistological staining showed that more type I
collagen was seen in the normal mouse tendon, however,
no significant differences were found between treatment
groups (figure 7). Similarly, after staining for type III collagen, no significant differences in microscopic examination
were found between treatment groups. The scar tissue present in all cohorts was comprised primarily of disorganized
type III collagen. Of note, the transplanted bursa tissue
was notable using immunohistochemistry and contained a
substantial amount of collagen I and III and appeared to

Immunohistochemistry and Histology
Four specimens from each treatment cohort were randomized to the histology and immunohistochemistry. These
slices were taken through the midsection of the patella
in order to analyze the bone-tendon healing at the patellar tendon-tibia interface and compared to normal patella

Figure 6. Histologic staining of the patella tendon slice
following Safranin-O and toluidine blue stain. Fibrocartilage
healing was demonstrated at the tendon-bone interface of all
there treatment groups.

Table I. Load to Failure and Stiffness Between Treatment Groups.
Treatment Group

Mean Load to
Failure (N) (SD)

Percent in Relationship to the
Normal Limb (Control) (SD)

Mean Stiffness
(N/mm) (SD)

Percent in Relationship to the
Normal Limb (Control) (SD)

Subacromial Bursa (N=8)

7.43 (1.78)

62.2% (10.2)*

8.82 (1.9)

39.33 (13.2)

cBMA (n=8)

5.8 (1.49)

49.87% (16.4)

8.67 (2.6)

38.12 (12.3)

Fibrin Clot only (n=9)

5.78 (1.74)

47.87% (15.6)

7.57 (2.9)

35.9 (17.3)

*Subacromial bursa was found to restore ultimate tendon strength significantly higher than fibrin clot only (P=0.018).
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Figure 7. Immunohistological staining for type I and III collagen found under the microscope. All three treatment groups demonstrated majority of type III collagen with no significant differences found between groups.

serve as scaffold for mouse cells to infiltrate into the defect.
Human nuclear antigen was positive in 3/4 (75%) of the
bursa treated mice and 1/4 (25%) of the BMA treated mice.
All fibrin treated mice served as a control and were negative
for human nuclear antigen.

Cell Viability
Mice allocated to histology and immunohistochemistry were
also assessed for human Col1A1 gene, in order to confirm
the survivability of human cells after implantation. Seventy-five percent of specimens (3/4) that were augmented with
subacroimal bursa demonstrated positive human nuclear
staining, compared to only 25% (1/4) of specimens treated
with BMA (figure 8).

DISCUSSION
Using a murine tendon model, this study found that subacromial bursal tissue resulted in significant increased tendon
strength compared to an acellular control (fibrin clot only)
at the early healing phase. We also found that human survivability using subacromial burs was found in 75% of tested
mice, compared to only 25% of mice treated with cBMA at
Muscles, Ligaments and Tendons Journal 2019;9 (4)

2 weeks. There were no significant biomechanical differences found between subacromial bursa or cBMA at the two
week interval.
Healing at the tendon-bone interface remains a problem
after rotator cuff repair, with evidence of a lack of progenitor cells found at the site of insertion in these patients (11)
The current study demonstrated increased cell survivability
using subacromial bursal tissue compared to bone marrow
aspirate at 2 weeks. However, similar to Dyrna et al., this
study did not find that cell augmentation restored the
tendon to its native properties (31). However, they’re data
suggested that implantation stimulated host murine cells to
mount a more robust repair response, rather than through
direct repair (31).
Khan et al. used a similar murine model to examine the use
of MSCs on intra-synovial tendon healing, and found that
the implanted progenitor cells did not improve healing,
however they did show specific encroachment along specific sites of the tendon (35). These studies were limited in that
the tendon defect model was mid-substance, instead of at
the tendon-bone interface. Interestingly, the subacromial
bursa tissue in this study appeared to have increased cellularity and infiltration of murine cells as seen on immunohistochemistry.
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Figure 8. Human Nuclear Antibody (HuNu) staining of both bursa (A) and bone marrow aspirate (B) demonstrating live human cells still present within the mouse sample.

Previous studies have examined the biomechanical affects
of MSCs on soft-tissue healing in an animal model (31, 33).
Lebaschi et al. examined the use of cBMA on a supraspinatus tendon repair murine model, and found that failure of the repaired tendon was only 36% in relation to its
native tendon at two weeks (33). Similar results were found
by Bell et al. who used a similar methodology, however did
use biologic adjuvant (36). Their studies differ from the
current study, both in the delivery of the biologic agent,
as well as the location of the tear. In the current study, a
fibrin clot was used to deliver MSCs and potentially allow
for increased proliferation and migration of these cells (37,
38). Although significant biomechanical differences were
not found between biologic augments, we did find tendon
strength restored to roughly 50% or more compared to the
native limb at 2 weeks, compared to only 25% as reported
by Dyrna et al. for mid-substance tears (31).
Decreased cell survivability following implantation has been
reported in several studies using an animal model (1, 31).
This study was limited in its evaluation, as only one time
point (2 weeks) were examined, however, we found that 75%
of samples with subacromial bursa had identifiable human
502

cells from implantation that remained, compared to only
25% from bone marrow aspirate. This is a similar finding as
previously published (31), however, further time points are
needed to determine if this holds true in later weeks. Cell
survivability can be altered by attainment technique, preparation, and re-implantation methods. In addition, a fibrin
clot’s affect on mice and healing is not yet fully understood,
and may affect the long-term survivability in this model.
As tendon-bone healing remains a significant dilemma in
rotator cuff repair, simulating animal models such as the
current study is critical in developing an ideal healing environment in the clinical setting. Bone marrow aspirate has
remained the most common source for biologic augmentation, showing promising results without the use of a fibrin
clot (12). Hernigou et al. injected concentrated BMA directly into the site of rotator cuff repairs, and found a significantly decreased rate of re-tear when compared to control
groups (12). Voss et al. first described the use of a fibrin clot
as a scaffold to be used with BMA taken from the proximal humerus (14). This technique allows for ease of access
during arthroscopic rotator cuff repair, and could potentially to be used in conjunction with subacromial bursa.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Despite the animal model, there were several strengths
of the study that can add clinical value. For instance, the
study supports the potential use of subacromial bursa as
an augment for tendon-bone healing, which continues to
be an issue during rotator cuff repair. It also demonstrates
the importance of processing the bursa once harvested,
and delivering it within a fibrin clot. This was shown to
have continued presence in the mouse in up 2 weeks after
implantation. Further studies into how to best process and
deliver subacromial bursa in the operating room, in an efficient and realistic manner are warranted. Lastly, this study
also supports future clinical studies examining subacromial bursal tissue on human patients undergoing rotator cuff
repair for augmentation.

LIMITATIONS
There were several limitations to this study. One limitation
was an animal model was used to mirror a tendon avulsion
injury. The tendon was not repaired as the normal tendon
would in the clinical setting. Similarly, there were postoperative limitations, including the inability to control range
of motion and weight-bearing on the healing tendon, which
differs from repair of a torn tendon that occurs in humans.
Another limitation is that 2 weeks postoperatively was the
only time-point examined. Further time-points would likely
demonstrate differences in tendon strength and cell survivability. Finally, the murine surgical model involves an acute
traumatic tear, unlike the degenerative tendon interface that
rotator cuff pathology often involves.

CONCLUSION
Subacromial bursa tissue demonstrated significantly higher improvement in tendon strength compared to fibrin clot
treatment (acellular control) at 2 weeks. Increased human
cell survivability was also demonstrated using subacromial
bursal tissue compared to cBMA.
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SUMMARY
Background. There is not even a knowledge of what is the perfect concentration of
cells that should be present in platelet-rich plasma (PRP) to induce an effect for treatment of desmitis. Our aims were determining the temporal effects (48 and 96 h) of
leukocyte-concentrated platelet-rich gel supernatant (Lc-PRGS) and leukocyte-reduced platelet-rich gel supernatant (Lr-PRGS) of ligament explants (LEs) challenged
with lipopolysaccharide (LPS). The production and degradation of growth factors,
proinflammatory and anti-inflammatory cytokines were measured.
Methods. LEs from horses were challenged with LPS and cultured for 96 hours with
Lc-PRGS and Lr-PRGS at both 25% and 50% concentrations. Culture medium was
changed every 48 h and used for determination, by ELISA, of platelet-derived growth
factor isoform BB (PDGF-BB), transforming growth factor beta-1 (TGF-β1), interleukin 1 beta (IL-1β) , tumor necrosis factor alpha (TNF-α), interleukin 4 (IL-4) and
interleukin 1 receptor antagonist (IL-1ra).
Results. LEs cultured with both concentrations of Lc-PRGS showed the lowest release
of IL-1β in comparison with the other LE groups at 48 and 96 hours, whereas 50%
Lr-PRGS induced the lowest TNF-α release from LEs at 96 hours. IL-1ra was mainly
released from LEs cultured with both concentrations of Lc-PRGS at 48 and 96 hours,
whereas IL-4 was mainly produced in LEs cultured with 50% Lr-PRGS at 48 and 96
hours.
Conclusions. The anti-inflammatory effect of Lc-PRGS in LEs challenged with LPS
seems to be related with heightened concentrations of PDGF-BB that apparently
induced a higher release of IL-1ra. On the other hand, the anti-inflammatory action of
Lr-PRGS could be associated with a higher release of IL-4 that may reduce the release
of TNF-α). Although we observed significant correlations between some mediators
evaluated in this study, these findings should be considered with caution because a
correlation does not necessary mean a causal relationship. Additional in vivo studies
which evaluating the effects of both Lc-PRP and Lr-PRP in either animal models or in
human patients are necessary, for determination in clinical future application`s. It will
be easy, safe, rational and cheaper in cases for desmopaties.
KEY WORDS
anti-inflammatory effect; desmitis; desmopathy; platelet-rich gel supernatants; plateletrich plasma
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BACKGROUND
Ligaments are dense, fibrous connective tissues, mainly
composed of type I collagen, that connect bone to bone
and transmit the mechanical forces that stabilize the skeleton, allow for body movement, and prevent overextension of joints (1). These anatomic structures can be acutely
damaged by a direct trauma (desmitis) or chronically affected by a degenerative/inflammatory process (desmopathy).
Notably, any ligament of the body can suffer a traumatic
injury or a degenerative/inflammatory disease. However, the
ligaments most commonly affected are the anterior cruciate
ligament (2); collateral ligaments of the knee, ankle, elbow,
and hand (2,3); and medial patellofemoral ligament (4). On
the other hand, the plantar fascia is also considered to be
a ligament (5), which can be affected by a degenerative/
inflammatory disease known as plantar fasciitis (6).
The suspensory ligament (SL) (m. interosseus medius) is a
specialized anatomical structure of the suspensory apparatus
of the horse that supports the fetlock and prevents excessive
extension of that joint during the weight-bearing or stance
phase of the stride (7). From an anatomic comparative point
of view, the SL of the equine hind limb could be comparable
to the human plantar fascia, although, the biomechanics of
both structures are quite different because, in the horse, the
SL prevents fetlock hyperextension (8), whereas, in humans,
the plantar fascia maintains the arch of the foot (5). However, the plantar fascia and SL may both be affected by apparently similar pathophysiological mechanisms that produce
ligament inflammation and degeneration (desmopathy)
with subsequent presentation of chronic pain (lameness)
and reduction of the functional capability of the individuals
affected by these musculoskeletal disorders (9).
Platelet-rich plasma (PRP) is an emerging “regenerative”
biologic therapy for humans with desmitis (10) and plantar
fasciitis (11) and horses with SL desmopathy (12). Furthermore, some in vitro studies (13) support the use of PRP in
patients with ligament disease. However, there are many
PRPs with different concentrations of cells, growth factors
(GFs), and cytokines that yield variable results when used
under clinical conditions (14,15).
PRPs can be classified into two groups, as follows: leukocyte-concentrated PRP (Lc-PRP) and leukocyte-reduced
PRP (Lr-PRP), also known as pure platelet-rich plasma (16). Lc-PRP presents detectable numbers of leukocytes (i.e., white blood cells (WBCs) in relation to basal cell
counts in whole blood, whereas Lr-PRP exhibits low WBC
counts (16). Once PRP preparations are mixed with calcium salts or thrombin, they polymerize in a platelet-rich gel
(PRG) and release a supernatant (PRGS) that is rich in GFs
and cytokines and other key molecules that regulate wound
healing and inflammation (17).
Muscles, Ligaments and Tendons Journal 2019;9 (4)

Recent in vitro evidence gleaned from research conducted
in tendons (18-20) and ligaments (20) suggests that Lr-PRPs
could be more suitable for the clinical management of musculoskeletal disease versus Lc-PRPs because lower platelet
(PLT) and WBC concentrations in Lr-PRPs could induce less
tissue catabolism/inflammation and more tissue anabolism as
compared with PLT- and WBC- rich preparations (18,19).
However, to our knowledge, there are no published in vitro
studies at this time comparing the anti-inflammatory effects
of either Lr-PRP or Lc-PRP in ligament explants (LEs) challenged with a proinflammatory stimuli produced by lipopolysaccharide (LPS) to establish the perfect PRP hemoderivative
for the treatment of patients with desmitis or desmopathies.
Thus, in the present study, we investigated the hypothesis that
PRGSs at different concentrations should produce different
GF and cytokine concentrations with respect to normal LEs
and those cultured with LPS. Therefore, we designed an in
vitro study to compare the time-related effects (at one, 48,
49, and 96 hours) of two concentrations (25% and 50%) of
Lc-PRGS and Lr-PRGS in normal LEs challenged with LPS.
For comparison purposes, we described the production and
degradation of platelet-associated GF platelet-derived GF
isoform BB (PDGF-BB) and transforming GF beta-1 (TGFβ1), proinflammatory cytokines interleukin 1 beta (IL-1β)
and tumor necrosis factor alpha (TNF-α), and anti-inflammatory cytokines interleukin 4 (IL-4) and interleukin 1 receptor
antagonist (IL-1ra). Additionally, we performed a correlation
analysis between the studied variables.

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

Samples
Samples from the body of the suspensory ligament (m. interosseus medius) from the hind limbs of six horses, aged four to
seven years old, were included in this study. The samples were
taken from animals apparently free from musculoskeletal
disease and euthanized by way of a pentobarbital intravenous
overdose for other medical reasons. Prior the euthanasia, all
hind limbs of the horses were radiographed and ultrasonographically evaluated in a standing position for the purpose of
excluding animals with SL desmopathy–associated changes.

Blood collection
Six clinically healthy horses (three geldings and three mares),
between six and nine years of age were used as blood donors.
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All of these horses were stabled, fed, and managed in a similar fashion. These animals were selected after an extensive
physical examination together with a complete blood cell
count and a general blood chemistry panel. Only clinically
healthy horses with platelet counts higher than 100 × 103/
µL were used. Whole blood from each horse was obtained
by jugular venipuncture using a 21-gauge butterfly catheter.

Platelet-rich plasma/platelet-rich gel supernatant
preparation
Both PRPs were obtained by way of a manual double-centrifugation tube method that was previously validated and
used clinically in horses with SL desmopathy. Blood was
deposited in 4.5 mL tubes with sodium citrate solution
(Vacutainer®; Benton Dickson, Franklin Lakes, NJ, USA).
After centrifugation at 120 g for five minutes, the first 50%
of the top supernatant plasma fraction, adjacent to the buffy
coat, was collected. This fraction was further centrifuged
at 240 g for five minutes and then the bottom fraction was
collected. This fraction was considered to be Lc-PRP, while
the upper plasma fraction was considered to be Lr-PRP
(figure 1). Whole blood and both PRP products were
analyzed regarding platelet and leukocyte counts (Celltac-α
MEK 6450; Nihon Kohden, Tokyo, Japan).
Additionally, both PRPs were activated with calcium gluconate (Ropsohn Therapeutics Ltda., Bogotá, Colombia)
(ratio of 1:10) and incubated at 37ºC for one hour until clot
retraction occurred. Only fresh Lc-PRGS and Lc-PRGS
samples were used for the experiments. Aliquots of both
PRGSs were frozen at −80˚C for later quantification of GFs
and cytokines as a control.

Ligament explant culture
Suspensory ligament samples were obtained aseptically.
Specifically, they were sectioned with a scalpel blade in rectangular (5 × 3 × 3 mm) explants with 70 mg ± 4 mg of weight.
A total of 36 LEs were obtained from each horse. All of
the explants were washed in phosphate-buffered saline and
stabilized in Dulbecco’s Modified Eagle medium (DMEM)
(high glucose, 4,500 mg/L) with L-glutamine and sodium
bicarbonate, being free of sodium pyruvate (Lonza Group
Ltd., Basel, Switzerland) and supplemented with streptomycin (100 μg/mL) and penicillin (100 μg/mL) without the
addition of fetal bovine serum. Cultures were incubated in a
5% CO2 and water saturated atmosphere for 24 hours and
then replaced with fresh culture media. At this time point,
a portion of the tissue samples was challenged with 100 ng/
mL of LPS (Sigma-Aldrich, St. Louis, MO, USA) to induce
inflammatory/catabolic damage of the tissue explants.
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Study design
Six experimental groups (with six explants in each) were
included. Tissue cultures were performed in six-well plates
(Corning® Costar® TC-Treated Multiple Well Plates; Merck
KGaA, Darmstadt, Germany) with a total volume of 2.5 mL
per well considering the final concentration of the PRGS
assayed in the culture media. The study included the evaluation of two LE control groups (one with the addition of LPS
and one without LPS) without the addition of any PRGS
as well as four LE groups cultured with Lc-PRGS and
Lr-PRGS at the two concentrations of 25% and 50%. All
LE groups were cultured during 48 hours and the culture
media was changed and replaced by fresh culture media
and fresh PRGS and incubated for another additional 48
hours. Samples of culture media (0.3 mL) were obtained at
one, 48, 49, and 96 hours. Culture media were obtained,
aliquoted, and frozen at −80 ºC for later determination of
GFs and cytokines. Figure 1 summarizes the study’s design
and methodology.

Enzyme-linked immunosorbent assay analysis
The concentration of cytokines and GFs were measured
via enzyme-linked immunosorbent assay (ELISA) in
duplicate samples in both PRGS and culture media alone
or mixed with PRGS obtained at different time points.
Cytokines and GFs were assayed using commercial
ELISA development kits from R&D Systems (Minneapolis, MN, USA). IL-1β (Equine IL-1 beta/IL-1F2 DuoSet,
DY3340), TNF-α (Equine TNF-alpha DuoSet, DY1814),
IL-4 (Equine IL-4 DuoSet, DY1809) and IL-1ra (Equine
IL-1ra/IL-1F3 DuoSet, DY1814) were measured separately using equine antibodies. PDGF-BB (Human PDGF-BB
DuoSet, DY220) and TGF-β1 (Human TGF-β1 DuoSet,
DY240E) were determined separately using human antibodies because there is a high homology between these
proteins in humans and horses. To note, these ELISA antibodies have been used for the same purposes previously
in other equine PRP studies. The standards provided in
each ELISA kit were used to construct each standard curve
according to the manufacturer´s instructions. Readings
were performed at 450 nm.

Statistical analysis
The Shapiro–Wilk test was used to assess the fit of the data
set to a normal distribution (goodness of fit) of each one of
the evaluated variables, including the hematological variables in whole blood and both PRPs as well as cytokine
and GF concentrations in both PRGSs and culture media
at one, 48, 49, and 96 hours. All the parameters presented
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 1. Schematic workflow of the experiments of the study. CM, culture medium; Lc-PRP, leukocyte-concentrated platelet-rich plasma; Lr-PRP, leukocyte-reduced platelet-rich plasma; PRG, platelet-rich gel; Lc-PRGS, leukocyte-concentrated platelet-rich gel supernatant; Lr-PRGS, leukocyte-reduced platelet-rich gel supernatant; IL-1β, interleukin 1 beta; TNF-α, tumor
necrosis factor alpha; IL-4, interleukin 4; IL-1ra; interleukin 1 receptor antagonist; PDGF-BB, platelet-derived growth factor
isoform BB; TGF-β1, transforming growth factor beta-1.

a normal distribution (P > 0.05). Furthermore, the Levine
test was performed to establish variance homogeneity of
each one of the variables for each experimental group.
Only hematological variables exhibited variance homogeneity (P > 0.05). The rest of the evaluated variables (i.e.,
cytokines and GFs in both PRGSs and culture media at
different time points) failed the Levine test (P < 0.05).
Platelet and WBC counts in whole blood and both PRPs
were compared with the one-way analysis of variance
(ANOVA) followed, when necessary, by the Tukey test.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

Cytokine and GF concentrations in PRGSs were compared
by a t-test for unpaired samples. Cytokine and GF concentrations in the culture media of each independent group
at one, 48, 49, and 96 hours were also compared with
a repeated measures two-way ANOVA and a post-hoc
Games–Howell test where appropriate. Correlation analyses were performed in order to determine the Pearson
correlation product (r) between the evaluated variables in
the study for each experimental group. A P-value of < 0.05
was accepted as statistically significant for all tests.
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RESULTS
Cell concentration in whole blood, leukocyteconcentrated platelet-rich plasma, and
leukocyte-reduced platelet-rich plasma
Platelet counts were significantly (P < 0.05) different between
whole blood, Lc-PRP, and Lr-PRP. Lc-PRP presented the
highest platelet concentration, followed by whole blood
and Lr-PRP (table I). WBC counts were significantly (P <
0.01) different between the hemoderivatives evaluated, with
whole blood having the highest concentration, followed by
Lc-PRP and Lr-PRP (table I).

Concentration of growth factors and cytokines
in leukocyte-concentrated platelet-rich gel
supernatant and leukocyte-reduced platelet-rich
gel supernatant
Our study results indicated PDGF-BB, TGF-β1, and
IL-1ra concentrations were significantly (P < 0.001) higher
in Lc-PRGS versus in Lr-PRGS, whereas TNF-α and IL-4
concentrations were not significantly different between the
PRGSs. On the other hand, IL-1β concentrations were not
detected in any hemoderivative (table I).

Concentration of growth factors and cytokines
in the culture medium of ligament explants at
different time points
PDGF-BB concentrations were detected only in those LE
groups cultured with PRGS at one and 49 hours, respectively. At these time points, the concentrations for this GF
were significantly (P < 0.001) different between the LE
groups cultured with both PRGSs with the highest polypep-

tide concentrations for LEs cultured with 50% Lc-PRGS,
followed by 25% Lc-PRGS, 50% Lr-PRGS, and 25%
Lr-PRGS. PDGF-BB concentrations were significantly (P
< 0.001) different between the same hemoderivatives, with
the exception of the LEs cultured with 50% Lr-PRGS at
one, 48, 49, and 96 hours, with the lowest concentration of
this GF present at 48 and 96 hours (figure 2).
At 48 hours, PDGF-BB concentrations were significantly (P
< 0.001) different between the LEs of the control group,
those LEs of the control group challenged with LPS, and
those cultured with both PRGSs at the two concentrations.
At this time point, LEs of the control group challenged with
LPS produced the lowest concentration of this polypeptide
in comparison with the rest of the groups (figure 2).
At 96 hours, PDGF-BB concentrations were significantly
(P < 0.001) different between the groups in the study with
a significant (P < 0.001) diminution in the release of this
GF in LEs of the control group when compared with the
same group at 48 hours. On the other hand, at 96 hours,
the PDGF-BB concentrations in LEs cultured with both
Lc-PRGSs were significantly (P < 0.001) higher in comparison with the concentrations of this GF with the same
hemoderivatives at 48 hours (figure 2).
TGF-β1 concentrations were detected at one and 49 hours
in the culture medium of LEs from groups cultured with
both PRGSs at the two concentrations. At these time points,
the concentrations of this GF were significantly (P < 0.001)
higher in the culture medium of LEs cultured with 50%
Lc-PRGS, followed by 50% Lr-PRGS, 25% Lc-PRGS, and
25% Lr-PRGS (figure 3).
At 48 hours, TGF-β1 concentrations were similar between
the groups, while, at 96 hours, a similar GF concentration
pattern was observed, although, the TGF-β1 concentrations
of culture medium of LEs of the control group were signifi-

Table I. Concentrations of platelets, white blood cells, growth factors and cytokines in whole blood, both platelet rich plasma
and both platelet rich gel supernatants. *
Fluid

Variable

Whole blood

Lc-PRP

Platelet x10 /mL

119.6 ± 5.6

321.7 ± 19.3

98.7 ± 4.3c

WBC x10 /m L

8.6 ± 3.8

4.2 ± 0.6

0.13 ± 0.03c

3

3

a

a

Lr-PRP
b

b

Lc-PRGS

Lr-PRGS

PDGF-BB (pg/mL)

1710.6 ± 498.6a

253.3 ± 56.9b

TGF-β1 (pg/mL)

2160.8 ± 516.1a

1350.7 ± 160.1b

TNF-α (pg/mL)
IL-4 (pg/mL)
IL-1ra (pg/mL)

60 ± 0.5

59 ± 1.4

63.8 ± 6.28

55.4 ± 2.7

1195.5 ± 431.9a

68.9 ± 7.6b

Lowercase letters denote significant differences (p < 0.01) between groups in the same row by Tukey test. ND: no determined. * Data are presented as
means (s.d).

a-b
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Figure 2. PDGF-BB concentrations observed in the culture
media of LE groups at different time points. Capital letters
denote significant (P < 0.01) differences between the same
group at 48 and 96 hours by Games–Howell test. Lowercase letters denote significant (P < 0.01) differences between
groups at the same time by Games–Howell test. *Denotes
significant differences (P < 0.01) between the same group at
one, 48, 49, and 96 hours by Games–Howell test. Data are
presented as means standard deviations (SDs).

Figure 3. TGF-β1 concentrations observed in the culture
media of LE groups at different time points. Capital letters (A–E)
denote significant (P < 0.01) differences between the same
group at 48 and 96 hours by Games–Howell test. Lowercase
letters (a–f) denote significant (P < 0.01) differences between
groups at the same time by Games–Howell test. *Denotes
significant differences (P < 0.01) between the same group at
one, 48, 49, and 96 hours by Games–Howell test. Data are
presented as means (SDs).

cantly higher in comparison with the GF concentrations of
the same group at 48 hours. On the other hand, at 96 hours,
the LEs of the control group presented significantly (P <
0.001) higher TGF-β1 concentrations when compared with
the rest of the groups (figure 3).
IL-1β concentrations were not detected in the culture
media of the LE groups at one and 49 hours. At 48 hours,
the concentrations of this cytokine were significantly (P <
0.001) higher in the culture medium of LEs cultured with
50% Lr-PRGS, followed by in that of LEs from the control
group. The culture media of LEs from control group challenged with LPS and those cultured with 25% Lc-PRGS
exhibited the lowest significant (P < 0.001) IL-1β concentrations when compared with the rest of the groups, although
the LE groups cultured with 50% Lc-PRGS and 25%
Lr-PRGS presented a significantly (P < 0.001) lower IL-1β
concentration in comparison with the LEs of the control
group and those cultured with 50% Lr-PRGS (figure 4).
At 96 hours, IL-1β concentrations were significantly (P <
0.001) higher in the culture medium of LEs of the control
group challenged with LPS, followed by in the culture
media of those LE groups cultured with 50% Lr-PRGS and

25% Lc-PRGS. On other hand, LEs cultured with 25%
Lr-PRGS presented a significantly (P < 0.001) lower IL-1β
concentration in comparison with the rest of the LE groups,
though the culture media of LEs of the control group and
those explants cultured with 50% Lc-PRGS presented
apparently similar IL-1β concentrations that were significantly (P < 0.001) lower than the concentrations for this
cytokine in the culture media of LEs from the control group
challenged with LPS as well as those explants cultured with
25% Lc-PRGS and 50% Lr-PRGS (figure 4).
IL-1β concentrations were significantly different between the
same groups at 48 and 96 hours. In general, at 48 hours, the
concentrations of this cytokine were significantly higher in the
case of LEs from the control group and in those cultured with
50% Lr-PRGS when compared with the other groups at 96
hours. However, at 96 hours, a contrary situation was observed
regarding LEs of the control group challenged with LPS, where
there was a significant (P < 0.001) increase in IL-1β concentration versus in the same group at 48 hours (figure 4).
TNF-α concentrations were only detected at one and 49
hours in culture medium of LEs from groups cultured with
both PRGSs at the two concentrations. At these same time
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Figure 4. IL-1β concentrations observed in the culture media
of LE groups at different time points. Capital letters (A–E)
denote significant (P < 0.01) differences between the same
group at 48 and 96 hours by Games–Howell test. Lowercase
letters (a–f) denote significant (P < 0.01) differences between
groups at the same time by Games–Howell test. *Denotes
significant differences (P < 0.01) between the same group at
one, 48, 49, and 96 hours by Games–Howell test. Data are
presented as means (SDs).

Figure 5. TNF-α concentrations observed in the culture
media of LE groups at different time points. Capital letters (A–E)
denote significant (P < 0.01) differences between the same
group at 48 and 96 hours by Games–Howell test. Lowercase
letters (a–f) denote significant (P < 0.01) differences between
groups at the same time by Games–Howell test. *Denotes
significant differences (P < 0.01) between the same group at
one, 48, 49, and 96 hours by Games–Howell test. Data are
presented as means (SDs).

points, the concentrations of this cytokine were significantly
(P < 0.001) different between the LE groups cultured with
both PRGSs at 25% and both PRGSs at 50%. On the other
hand, the concentrations of this cytokine were significantly
different between the same groups at one, 48, 49, and 96
hours (figure 5).
At 48 hours, TNF-α concentrations were significantly higher (P < 0.001) in the culture media of LEs of the control
group and those of the control group challenged with LPS.
The TNF-α concentrations of this last group were similar to
those observed in LE groups cultured with 50% Lc-PRGS
and Lr-PRGS at both concentrations. On the other hand,
LEs of the group cultured with 25% Lc-PRGS showed a
significantly (P < 0.001) lower TNF-α concentration when
compared with both control groups, though the amount
was not significantly different as compared with the cytokine concentration obtained in the culture media of the LEs
cultured with the rest of the hemoderivatives (figure 5).
At 96 hours, significantly (P < 0.001) higher TNF-α concentrations were observed for LEs of the control group challenged with LPS, followed by LEs cultured with 25%

L-PRGs, and those LEs of the control group and cultured
with 50% Lc-PRG, respectively. However, these last three
experimental groups were not significantly different from one
another regarding the concentration of this cytokine. On the
other hand, at 96 hours, significantly (P < 0.001) low TNF-α
concentrations were observed in the LE group cultured with
50% Lr-PRGS, followed by 25% Lr-PRGS, when compared
with the rest of the LE groups. TNF-α concentrations were
significantly (P < 0.001) different between the LEs of both
control groups and those LE groups cultured with 25%
Lc-PRGS and both Lr-PRGSs at 48 and 96 hours (figure 5).
IL-4 were detected in low concentrations at one and 49
hours in the culture medium of LEs from groups cultured
with both PRGSs at the two concentrations. To note, IL-4
was not detected at this time in SLEs from both control
groups. At these same time points, the concentrations of this
cytokine were significantly (P < 0.001) different between
the LE groups cultured with both PRGSs at 25% and both
PRGSs at 50%. Also, the concentrations of this cytokine
were significantly different between the same groups at one,
48, 49, and 96 hours (figure 6).
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At 48 hours, IL-4 concentrations were significantly (P <
0.001) higher in the culture medium of LEs of the control
group when compared with in the culture media of the rest
of the groups. At this time point, the culture medium of LEs
of the control group challenged with LPS showed significantly (P < 0.001) lower IL-4 concentrations, followed by
LEs cultured with 25% Lc-PRGS, when compared with the
rest of the groups. On the other hand, LEs cultured with
50% Lc-PRGS and both Lr-PRGSs presented higher IL-4
concentrations, but there were no significant differences
between these groups (figure 6).
At 96 hours, IL-4 concentrations were significantly diminished in the culture media of LEs from control group
and those LEs cultured with 50% Lc-PRGS and 25%
Lr-PRGS. At this time point, the culture media of LEs of
control group challenged with LPS and those LEs cultured
with 50% Lr-PRGS showed significantly (P < 0.001) higher IL-4 concentrations when compared with the rest of
evaluated groups. Separately, IL-4 concentrations were
significantly higher in the LE group cultured with 25%
Lc-PRGS when compared to the LEs of the control group
and those LEs cultured with 50% Lc-PRGS. In general,

IL-4 concentrations were significantly different between
the same LE experimental groups at 48 and 96 hours, with
a sensitive lowering observed in their concentrations in
the culture media of LEs of the control group and those
LEs cultured with 50% Lc-PRGS and 25% Lr-PRGS
(figure 6).
IL-1ra concentrations were only detected at one and 49
hours in the culture medium of LEs from groups cultured
with both PRGSs at the two concentrations. At these same
time points, the concentrations of this cytokine were significantly (P < 0.001) different between the LE groups cultured
with 25% Lc-PRGS, 50% Lc-PRGS, and both Lr-PRGSs,
although there was no difference in the concentrations of
this cytokine between these last two groups (figure 7).
IL-1ra concentrations were significantly different between
the LE groups at 48 and 96 hours, with significantly (P <
0.001) higher concentrations observed in the LEs of the
group cultured with 50% Lr-PRGS, followed by in those
cultured with 25% Lc-PRGS. In general, IL-1ra concentrations were significantly different for the same experimental
groups at 48 and 96 hours. However, we noted that, at 96
hours, the concentrations of this cytokine tended to increase

Figure 6. IL-4 concentrations observed in the culture media of
LE groups at different time points. Capital letters (A–E) denote
significant (P < 0.01) differences between the same group at
48 and 96 hours by Games–Howell test. Lowercase letters (a–f)
denote significant (P < 0.01) differences between groups at
the same time by Games–Howell test. *Denotes significant
differences (P < 0.01) between the same group at one, 48,
49, and 96 hours by Games–Howell test. Data are presented
as means (SDs).

Figure 7. IL-1ra concentrations observed in the culture media
of LE groups at different time points. Capital letters (A–E)
denote significant (P < 0.01) differences between the same
group at 48 and 96 hours by Games–Howell test. Lowercase
letters (a–f) denote significant (P < 0.01) differences between
groups in the same time by Games–Howell test. *Denote
significant differences (P < 0.01) between the same group at
one, 48, 49, and 96 hours by Games–Howell test. Data are
presented as means (SDs).
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in the LE groups cultured with Lc-PRGS but showed a
decrease in LE groups cultured with Lr-PRGS (figure 7).

CORRELATIONS
At 48 hours, PDGF-BB and IL-1ra (r = 0.71, P = 0.0001)
were found to be significantly correlated. At 96 hours, IL-1β
and IL-4 (r = 0.80, P = 0.0001), PDGF-BB and IL-1ra (r
= 0.89, P = 0.0001), and IL-1ra and TNF-α (r = 0.70, P =
0.0001) were also significantly correlated.

DISCUSSION
Lc-PRGS and Lr-PRGS at different concentrations
produced mixed anti-inflammatory responses in LEs challenged with LPS mediated by either diminution in the
concentrations of IL1β or TNF-α or by increasing the
concentrations of IL-1ra or IL-4 in the culture media of LE
groups. The anti-inflammatory effect of Lc-PRGS in LEs
challenged with LPS seems to be related to higher concentrations of PDGF-BB that apparently induce a more significant release of IL-1ra and, consequently, IL-1 blockage. On
the other hand, the anti-inflammatory action of Lr-PRGS
could be associated with a higher release of IL-4 that possibly could diminish the release of TNF-α.
The GFs (PDGF-BB and TGF-β1) and proinflammatory
(IL-1β and TNF-α) and anti-inflammatory (IL-4 and IL-1ra)
cytokines evaluated in this study were selected due to their
role as anabolic, proliferative, and anti-inflammatory polypeptides released from PRP or on account of how they are
implicated in the catabolic and anabolic ways of musculoskeletal soft tissue degenerative pathologies (21). PDGF-BB and
TGF-β1 are two important GFs contained in PRP (11,18).
PDGF-BB promotes ligament cell (fibroblast) proliferation
and increases the expression of stem cell markers while also
accelerating the maturation of collagen chains (22,23), whereas TGF-β1 signaling is critical in the development of ligaments, in increasing collagen expression and synthesis (24),
and in inducing stem cell differentiation to ligament cells (25.
IL-1β and TNF-α are key cytokines implicated in the genesis and perpetuation of musculoskeletal degenerative/
inflammatory disease, such as osteoarthritis (25), tendinopathy (21), and desmopathy (26), because they induce
cell apoptosis and matrix metalloproteinase expression,
which are processes that are detrimental for these connective tissues (21) . IL-4 is an anti-inflammatory cytokine that
increases collagen and extracellular matrix production by
fibroblasts, induces fibroblast proliferation 27, and controls
chemokine production (28), whereas IL-1ra directly blocks
IL-1 receptors and avoids the catabolic effects of this last
cytokine in tissues. IL-1ra also enhances ligament repair by
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reducing the number of myofibroblasts and increasing type
I procollagen synthesis during ligament injury (29) .
Some of the limitations of this research were that an in vitro
system study only can evaluate some components implicated in desmopathy. In line with this, our study only evaluated
the interaction of two components: LEs and PRGS. This
last component is only plasma with higher concentrations
of some GFs and which is free from fibrin, platelets, and
leukocytes. Thus, the basic information retrieved for this in
vitro research could be useful to evaluate some molecular
responses of LEs challenged with LPS to soluble components contained in PRGS and to design more rationale
treatments to be evaluated in animal models of desmopathy
or in patients with naturally-occurring disease.
The cellular receptors for LPS and IL-1β are closely interlinked and described as the toll-like receptor (TLR) IL-1
receptor (IL-1R) superfamily of receptors. When activated,
they induce a series of intercellular signaling pathways that
converge on the activation of transcription nuclear factor
kappa B (NFκB), resulting in proinflammatory cytokine
expression (30) It is important to clarify that TLR4 and
TLR2 are also activated in contact with LPS (31) . Of note,
the interaction between LPS and TLR4 unchain the intracellular activation of signaling complexes—such as Toll/
interleukin-1-receptor-domain–containing adaptor protein
(TIRAP), amongst others—which also leads to the nuclear
translocation of NFkB (31,32) . Thus, other limitation of our
study was that the expression of TLRs was not evaluated,
which prevents us from explaining part of the mechanism of
action by which PRP produced a late (96 hours) diminution
in the release of proinflammatory cytokines. However, the
apparent inhibitory effect of PRGS on the release of IL-1β
and TNF-α by LEs challenged with LPS could represent an
indirect reflex in the potential capacity of these hemoderivatives to induce TLR downregulation.
We previously performed an in vitro study in normal LEs
and tendon explants in which we evaluated the release of the
same mediators measured in this research over 48 hours (20).
The results from that study revealed that LEs cultured without PRGS produced higher concentrations of IL-1β when
compared with LEs cultured with PRGS concentrations of
25% and 50%. Furthermore, we observed a diminished
TNF-α release of LEs of the control group in comparison
with the LEs cultured with both PRGSs at these two concentrations (20). However, in the present study, we observed a
depression in the release of these catabolic cytokines in the
LE groups that were challenged with LPS over first 48 hours,
with exception of the LE group that was cultured with 25%
Lr-PRGS with respect to IL-1β release. In general, the two
PRGSs evaluated at the two aforementioned concentrations
exhibited important anti-inflammatory effects when they
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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were compared to the LEs of the control group challenged
with LPS. However, 50% Lc-PRGS and 25% Lr-PRGS stimulated the lowest release of IL-1β versus the other hemoderivatives, having as a comparative cutoff a mean IL-1β release
of LEs of control group at 96 hours. On the other hand, all
hemoderivatives evaluated at 25% and 50% produced lower
TNF-α concentrations in comparison to the release of this
cytokine in the culture medium of LEs of control group challenged with LPS. At this time point, the better hemoderivatives were 25% and 50% Lr-PRGS, because the TNF-α
release here was less than the release for this cytokine in the
culture medium of LEs of the control group.
The anti-inflammatory findings from our study could be
seen as contradictory to the results from other in vitro studies that support the use of Lr-PRP preparations, because
these hemoderivatives induce scarce matrix metalloproteinase expression and lower proinflammatory cytokine release in
musculoskeletal soft tissue explants than do Lc-PRP preparations (7,18). However, we believe that one of the main limitations in those studies evaluating the effects of PRP on tissue
explants and cells or in animal models or clinical conditions
are related with the diversity of the PRP preparations evaluated (14,15) and with the absence of the use of a standard
(i.e., universal) and simple classification aimed as classifying PRP preparations according to a range of platelet and
leukocyte counts. We classified the PRP preparations used
in this study according to Dohan Ehrenfest et al.’s classification (16); however, not all previous authors classified their
PRP preparations according to this method. For instance, the
PRP preparations in the studies by McCarrel et al. (18) and
Cross et al. (19) that were considered to be Lr-PRP preparations and which produced better biological effects on tissues
were quite similar to our Lc-PRP preparation in the present
study. In line with this, we believe that the presence of lower
numbers of leukocytes concentrated in PRP could be more
clinically useful that a completely leukoreduced PRP preparation or a PRP with higher leukocyte concentrations.
At 96 hours, we found a significantly higher (0.80) correlation between IL-1β and IL-4. Interestingly, we observed
that higher IL-4 concentrations were also accompanied by
higher IL-1β concentrations; this phenomenon was evident

in the culture media of LEs of the control group plus LPS
and those LEs cultured with 50% Lr-PRGS. These findings could suggest that IL-4 is produced by cell residents in
LEs to counteract the catabolic effect of IL-1. Further, this
anti-inflammatory cytokine is able to diminish the production of TNF-α mediated by LPS stimuli (33). Possibly, this
was the reason for why 50% Lr-PRGS presented higher concentrations of IL-4 accompanied by lower TNF-α
concentrations.
IL-1ra was strongly correlated with PDGF-BB in this study
at both 48 and 96 hours. We have noticed that this cytokine
is released from platelets and, possibly, its synthesis is stimulated in LEs by a direct effect of PDGF-BB. This fact could
be corroborated in our study because LE groups cultured
with Lc-PRGS presented higher PDGF-BB concentrations
together with higher IL-1ra concentrations. In light of these
results, both Lc-PRGSs could be more useful in treating ligament injury, because this cytokine produces a direct block of
IL-1 and consequently induces collagen synthesis (29).
Finally, we observed significant correlations between some
mediators evaluated in this study, these findings should be
considered with caution because a correlation does not
necessary mean a causal relationship. Thus, further studies are necessary to clarify the value of the correlations
observed in this study, where should be included in vivo
studies evaluating the effects of both Lc-PRP and Lr-PRP
in either animal models or in human patients are necessary.
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SUMMARY
Background. Patellar tendon rupture is a rare and disabling injury that may occur during
sport practice and is considered as the 4th stage of the Blazina’s classification of jumper’s
knee. Return to sport after patellar tendon rupture has not been clearly assessed.
Methods. Medical databases were screened, and article research extended from 1980
to April 2019. The inclusion criteria were report of more than 2 cases of isolated and
complete uni- or bilateral patellar tendon rupture, patients over 18. Studies that did
not specify patients’ ability to return to sport were excluded.
Results. Nine studies, 196 patients and 202 patellar tendon ruptures were included.
Mean follow-up ranged from 24 to 111.5 months and return to sport ranged from 52 to
100%. Crucial data were often lacking, such as the type of sport practiced, the pre-injury level of sport, and the delay of return to sport. A high proportion of patients did
not report any medical history that could have weakened their patellar tendon before
the rupture.
Conclusions. The rate of return to sport seems good but our conclusions are restricted due to the studies’ low level of evidence. It highlights the need of a standardized
report of specific data.
KEY WORDS
patellar tendon; injury; rehabilitation; physical activity

INTRODUCTION
Rupture of the patellar tendon is a very rare injury, its incidence is estimated at 0.68/100 000 in the general population (1), 6 times less frequent than patellar fractures (2). It
concerns only 0.6% of all tendinous ruptures (3). Although
infrequent, the consequences of patellar tendon rupture
can be particularly serious and responsible for disability (4).
In sport traumatology, patellar tendon rupture is generally considered as the 4th stage of the Blazina’s classification
of jumper’s knee (5). Jumper’s knee, that can be classified
in overuse injuries, frequently affects professional athletes
who have to perform repetitive jumps and changes of direction, with a prevalence estimated at 44% in volleyball players, 31% in basketball players and 5 to 10% in soccer

players (6). However, only 5% of the patients with patellar tendon rupture have a history of patellar tendinopathy
(4). Indeed, the role of sport in this injury is not limited to
a jumper’s knee history, but also concerns the circumstances of the rupture. In fact, patellar tendon ruptures occur in
32 to 57% of the cases during sport practice (1, 7, 8). The
mechanism is either indirect (sudden and eccentric contraction of the quadriceps muscle), either direct (violent impact
against the patellar tendon) (1). Surgical treatment is needed
to restore the mechanical properties of the knee extensors
(4). A healing time of several weeks is imperative, generally
followed by a rehabilitation program (9). It is responsible
for a long period of sports unavailability, which is a problem, especially in high-level or professional athletes. There
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is a lack of data in sports medicine literature concerning the
epidemiology of this injury but also concerning its postoperative management and particularly its consequences in
terms of return to sport.
So, we aimed to perform a systematic review to assess the
epidemiology, the post-operative management and the
consequences in terms of return to sport after patellar
tendon rupture.

MATERIAL AND METHODS

ciated with another injury (LCA, patella fracture, quadriceps tendon rupture) were not included. We excluded from
the review the studies that did not specify patients’ ability
to return to sport and those mentioning a functional scoring system like Cincinnati knee rating scale but without
details about the sports items10. Articles mentioning a case
of patellar tendon rupture after a total knee arthroplasty
were also excluded. We excluded cases of ruptures occurring in patients with rheumatoid arthritis or systemic lupus,
and other metabolic risk factors such as diabetes, gout and
severe renal failure (11).

Study eligibility
We searched articles in the medical databases: PubMed,
Cochrane database, ScienceDirect and Google Scholar.
Article research extended from January 1980 to April 2019.
Only studies in English language were selected. Multiple searches were carried out using the following MeSH:
« patellar tendon » AND « rupture » AND « repair » AND
« sport ». On google scholar database, it was necessary to
define the exact expression « patellar tendon rupture ».
The search was performed independently by 2 assessors
(JG, AFC) to assess titles and abstracts of potentially relevant articles, and then the full-text articles were retrieved.
In case of doubt, a third assessor’s advice was asked (MD).
After identification of key articles, their reference and citation lists were perused for further information sources. The
inclusion criteria were: report of more than 2 cases of isolated and complete uni- or bilateral patellar tendon rupture,
in patients over 18 years old. Patellar tendon ruptures asso-

Quality analysis
We used PRISMA guidelines for this review (12). The
included studies were critically appraised using GRADE
approach, in order to evaluate the study quality of evidence
(13). We also used the Modified Coleman Methodology
score (MCMS) (14) which is known to assess the design of
studies dealing with orthopaedic treatments (16).

RESULTS
Study selection
Out of the 804 records, we retained 95 articles, and, after
assessing full-text articles, we excluded 85 of them because
of exclusion criteria (figure 1). We finally included 9 original articles representing 196 patients. The articles were all
series of cases with small sample size from 4 to 37 patients.

804 records identified and screened:
115 in Pubmed,
234 in Google Scholar, 455 in ScienceDirect,
0 in Cochrane Database
709 excluded based on abstracts
95 studies included and full text assessed
1 study excluded because full text was
unavailable

9 studies included in qualitative synthesis

85 studies excluded:
14 systemic disease or hemodialysis
17 prior total knee arthroplasty
54 lack of mention of return to sport

Figure 1. Flow diagram.
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The classification of their level of evidence according to the
GRADE approach arises important limitations regarding
study design, sample size, and consistency of the results.
The MCMS ranged from 16 to 36, which is considered as a
poor rate (< 54 points) (table I).

Patellar tendon medical history
Many risk factors are reported in literature, such as gout,
renal failure, and diabetes mellitus (11) that may induce
patellar tendon ruptures in a non-athletic population.
So, we excluded studies that mentioned these factors,
and focused on the medical history relevant to an athletic
population. Therefore, we focused on 3 items, that may
weaken a patellar tendon before its rupture: anterior knee
pain or patellar tendinopathy history (5), prior knee injury,
and steroid use (22). These features were not systematically reported in the articles, and moreover, in most articles we could not determine if the patients that presented
anterior knee pain were also those with prior knee injury or steroid use. However, we observed that there was a
wide proportion of patients that did not report any medical history that could have weakened their patellar tendon.
Boublik et al. reported 22 professional football players
that suffered from patellar tendon ruptures, but only 11 of
them reported previous anterior knee pain or steroid use
(table III) (17).

Demographic data
Amongst 196 patients, 14 were females, 182 were males.
Mean age ranged from 26 years old (17) to 42.6 years old
(17) (table II). In one article which included 66 patients,
mean age was not specified (18). There were 202 patellar
tendon ruptures, including 6 cases of bilateral ruptures.
Rupture occurred from 37 to 100% of cases during sport
practice (table III). Main other circumstances of rupture
were vehicle accidents and falls.

Type of Sports and level of practice
Amongst sport traumatisms, basketball was the most
frequent (32 cases), then football (23 cases) and soccer (9
cases) (table III). Pre-injury level of sport was specified in
4 studies (table II): Boublik et al. reported 24 professional
football athlete (17), Maffuli et al. reported 8 recreational
athletes (19), Marder et al. reported 1 professional, 2 collegiate, 3 competitive recreational and 9 recreational athletes
(20), Kuechle et al. reported 1 high school basketball player and 4 recreational athletes (21).

Follow-up and return to sport
132 patients were available for a long-term follow-up (table
III). Mean follow-up was widely variable: from 24 to 111.5
months. During this follow-up, return to sport was usually
reported, but not the delay. Only Marder et al. reported the
delay to return to sport which ranged from 5 to 15 months

Table I. Evaluation of the level of evidence using Modified Coleman Methodology Score and GRADE approach.
Roudet
et al.
(2015)

Casey
et
al.(2001)

Boublik
et al.
(2011)

Maffulli
et al.
(2017)

Enad
et al.
(2001)

Marder
et al.
(1999)

Kuechle
et al.
(1994)

Bushnell
et al.
(2008)

Kasten
et al.
(2001)

25

38

16

28

33

33

33

36

36

Limitations in study
design or execution
(risk of bias)

+

+

+

+

+

+

+

+

+

Inconsistency of results

+

+

+

+

+

+

+

+

+

Indirectness of
evidence

+

+

+

+

+

+

+

+

+

Imprecision

+

+

+

+

+

+

+

+

+

Publication bias

+

+

+

+

+

+

+

+

+

Modified Coleman
Methodology
(total score)
GRADE approach:

Abbreviations: +: high risk of bias; -: low risk of bias
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Table II. Demographic data and management of the tendon rupture (type of surgery and rehabilitation protocol).
Studies

Patients

Age
(years)

Sex
(M/F)

Ruptures Delay of
Type of surgery
(bilateral) surgery

Roudet et al.
(2015)

37

42,6

33/4

38(1)

Acute

Casey et al.
(2001)

4

29

4/0

4

Chronic

Boublik et al.
(2011)

22

26

22/0

24(2)

Acute

Maffulli et al.
(2017)

19

46

16/3

19

Chronic

Enad et al.
(2001)

13

37

13/0

13

Marder et al.
(1999)

15

33

15/0

15

15 end-to-end sutures, 19 transosseous drill holes,
4 anchors sutures, 36
reinforcements by cerclage wire

Late mobilization, postoperative full weight
bearing

Suture and cerclage wire

Early mobilization and
early full weight bearing

Direct repairs techniques, 1
Personalized protocols
reinforcement by Dall-Miles cable, not clearly defined
one augmentation with semitendinosus
Reconstruction using semitendinosus and gracilis grafts

Not mentioned

<3
weeks

Trans- osseous drill holes,
reinforcement by cerclage

Early mobilization and
early full weight bearing

Acute

Trans-osseous drill holes for
proximal avulsions, end-to-end
sutures for mid-portion ruptures

Early mobilization and
early full weight bearing

Trans-osseous drill holes for
proximal avulsions, end-to-end
sutures for mid-portion ruptures,
reinforcement by Dacron cerclage
for mid-portion ruptures

Late mobilization, postoperative partial weight
bearing

Suture anchors

Early mobilization, no
weight bearing for 2
weeks

Kuechle et al.
(1994)

5

36

5/0

6(1)

Acute

Bushnell et al.
(2008)

15

34

?

15

Acute

Kasten et al.
(2001)

66

?

59/7

68(2)

Acute

(14 patients) (20). Boublik et al. reported that every professional football player had participated in a training camp,
the season after the injury, but only 2 of them were able to
play the season they got injured (17).
Return to sport ranged from 52 to 100% (table III). Level
of return to play could be assessed only in the 4 articles that
mentioned pre-injury level of sport. Boublik et al. reported
the cases of 22 professional football players that all returned
to sport, and 19 of them returned to their pre-injury level
(17). Maffulli et al. reported 3 patients out of 8 (recreational
pre-injury level) who did not return to sport, whose type was
not mentioned, one because of persistent knee pain, and 2
because the patients felt uncomfortable with their knee(19).
Marder et al. mentioned that 6 patients with a competitive
level of practice returned to their pre-injury level, and 6 out
of 8 with a recreational level of practice returned to their
pre-injury level (2 returned at a lower level) (20). Kuechle
et al. reported cases of 5 patients, that all returned to their
520

Rehabilitation protocol

End-to-end sutures, reinforcement Early mobilization and
with wire cerclage or PDS cord
early full weight bearing

pre-injury level of sport (1 high-school basketball player, 4
recreational players (21).

Rehabilitation protocol
Rehabilitation protocol was specified in 7 articles. In 5
articles, patients were treated with an early mobilization,
before 6 weeks after surgery (table III). In 6 articles, partial
weight-bearing was allowed post-operatively, whereas in
one article, weight bearing was forbidden for 2 weeks.
Four studies described a re-athletization protocol (8, 20, 21,
23). Two of them allowed stationary bicycle between 8 to
12 weeks (20, 23). Concerning running activities, 1 article
mentioned a delay of 12 weeks (23) and 1 a delay of 16 to 20
weeks (21). Two articles stated a delay of at least 6 months
before practicing any jumps and pivoting or contact sports
(20, 21). In 1 article, the return to any sport activity was
delayed for 6 months (8).
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Table III. Pre-injury level of sport practice and medical history.
Medical history
Studies

Ruptures during
sport practice
(%)

Type of sport (n)

Pre-injury level

Roudet et al. (2015)

21 (57%)

?

?

Casey et al. (2001)

?

?

?

Boublik et al. (2011)

24 (100%)

football (22)
basketball (1)
strengthening (1)

Maffulli et al. (2017)

?

Enad et al. (2001)
Marder et al. (1999)

Anterior
knee pain/
patellar
tendinopathy

Prior knee
injury

Steroid
use

4

?

3

0

1

0

professional

11

0

1

?

Recreational

?

6

?

12 (92%)

basketball (12)

?

10

?

0

10 (67%)

basketball (5)
volleyball (1)
football (1)
diving (1)
baseball (1)
motorcycling (1)

1 professional and 2
collegiate athletes
12 recreational

6

?

2

Kuechle et al. (1994)

6 (100%)

basketball (4)
softball (2)

1 high school basketball
player
4 recreational athletes

3

1

1

Bushnell et al. (2008)

10 (67%)

basketball (10)

?

1

?

1

Kasten et al. (2001)

25 (37%)

soccer (9)
not specified (16)

?

0

11

1

Complementary evaluation criteria

DISCUSSION

We also assessed criteria such as range of motion, functional scores and radiographic evaluations (Insall-Salvati index
(24), Caton-Deschamp Index (25)) (table IV).
Four studies mentioned a radiographic assessment (7,
19, 20, 23): three of them were in the normal range (0.81.2 for Insall-Salvati IndeX (24), 0.6-1.3 for Caton-Deschamps Index) (7, 20, 23), and one reported an elevated
mean Insall-Salvati of 1.5 (19). Many functional scores were
used, but the most frequent was the Lysholm score (26).
This score initially described to evaluate function of the
knee after anterior cruciate ligament rupture, is routinely
used in many knee injurieS (27, 28). In our review, Lysholm
score ranged from 84 to 95. It highlights excellent functional capacity subjectively reported by the patients.
Concerning surgical revision rate, 3 studies reported a total
of 5 cases of re-ruptures: 3 cases of re-rupture after a fall at
5 weeks (29), 2 months (77) and 4 months (29); 1 re-rupture
at 12 months during training in a professional football player (17), 1 re-repture at 2 months revealed by a progressive
extension deficit (29). The other studies stated that no case
of re-rupture occurred.

In this review, we aimed to focus exclusively on patellar
tendon ruptures occurring in patients practicing sport in
order to evaluate their ability to return to sport. Indeed,
patellar tendon ruptures are usually described in other
contexts, especially in middle aged patients with inflammatory or metabolic disease (9, 11). In the sport population,
data are lacking, and ruptures remain infrequent despite the
high frequency of patellar tendinopathy (6). Patellar tendon
rupture is a dramatic injury responsible for a complete
dysfunction of extensor apparatus of the knee that leads to
a surgical procedure and a rehabilitation period (30). As far
as we know, the consequences of patellar tendon rupture
in terms of return to sport and its management have never
been specifically assessed.
According to the features of the studies reviewed, it seems
that a wide proportion of patients did not report any medical history that could have weakened their patellar tendon
before the rupture. It may appear surprising for 2 reasons.
Firstly, these findings seem contradictory with the generally accepted idea that a healthy tendon does not break.
Indeed, Zernicke et al. showed that a force 17.5 times supe-
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Table IV. Follow-up and long-term results.
Complementary evaluation criteria

Studies

Mean
follow-up
(months)

Return to sport
n (%)

Roudet et al. (2015)

111,5

Range of motion

Functional scores

Knee
pain

Radiographic
assessment
(CDI or ISI)

20 (87%)

Symmetry with healthy
side: extension (100%),
flexion (78%)

Lysholm: 93,7

2

CDI: 0,91

Casey et al. (2001)

24

3 (75%)

0°-112°

-

3

-

Boublik et al. (2011)

-

22 (100%)

Full

-

-

-

Maffulli et a.l (2017)

-

5 (62.5%)

3°-112°

Cincinnati: 84

3

ISI: 1,5

Enad et al. (2001)

24

11 (85%)

Mean extension deficit:
-1°

Lysholm: 84

8

ISI: 1,16

Marder et al. (1999)

31

14 (100%)

Mean deficit: extension:
0°, flexion: 5°

Lysholm: 95

5

ISI: 1,09

Kuechle et al. (1994)

77

5 (100%)

Symmetric

Kelly’s scale: 5
excellent (including
bilateral rupture)

1

-

Bushnell et al. (2008)

29

11 (79%)

1°-133°

-

-

-

Kasten et al. (2001)

97

15 (52%)

From 0°-130° to 0°-137°

Hospital for special
knee surgery score:
from 92 to 96 points

13

-

CDI: Caton-Deschamps Index; ISI: Insall-Salvati Index

rior to the body weight was necessary to break off a patellar tendon (31). Moreover, Josza et al. found in a histopathological study that, amongst 70 ruptures of patellar
tendons, none of them were “healthy tendons” (32). In this
histopathological study, the authors focused on the spontaneous ruptures, defined as “ruptures that occur during
movement and activity, that should not and usually do not
damage the involved musculotendinous units”. Secondly,
jumper’s knee is very frequent in high level athletes (6), but
only 5% of the patients with a patellar rupture reported a
history of jumper’s knee (4). It may be explained by the fact
that some subjects may have practiced sports with many
jumps responsible for a non-disabling jumper’s knee history (stage 1 and 2 of Blazina classification of jumper’s knee),
and consequently did not report it (33). On a histopathological level, Cook et al (34) showed that, amongst a population of athletes who underwent surgical repair of ACL
injury using a patellar tendon graft and without any prior
anterior knee pain, different features of tendinopathy could
be found, such as tenocytes changes, disrupted collagen
and increased ground substance, the most frequent being
tenocyte changes. Similarly, Giacchino et al. showed using
ultrasound imaging, a high prevalence of subclinical patellar tendinopathy in male throwers free from neuromuscular
or skeletal pathology (35).
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We found a return to sport that ranged from 52 to 100%.
Nguyen et al. reported a rate of 75% return to pre-injury
level in 12 professional NBA players with patellar tendon
tears (complete and incomplete) (36). However, these
professional players presented a significant decrease in
their total number of minutes played per season, 2 seasons
after injury. As a comparison, in anterior cruciate ligament
rupture, the return to play after ACL reconstruction is 82%
(37) and in Achilles tendon rupture, the return to play after
repair is 80% (38).
Unfortunately, the average time to return to play was rarely
specified. Marder et al. reported a mean time of 8.0 months for
competitive athletes and 11.5 months for recreational athletes
(20). Kelly et al. reported a mean time of 5 to 8 months in
thirteen athletes that ruptured their patellar tendon mainly
in basketball practice (9 out of 13) (39). This study highlights
the same tendency for the more active competitors to return
to sport earlier (5 months for professionals, 8 months for
amateurs participating 1-3 times days per week). In a pediatric population with 80% of ruptures that occurred during
a sport practice, Ali Yousef et al. reported a mean time of
return to sport of 5 months (range 13-30 weeks) (40).
The delay of return to sport may vary partially according to
the type of rehabilitation program. Indeed, programs could
vary from a study to another, and are usually not precisely
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described. An immobilization of 6 weeks is often substituted with an early mobilization, in order to accelerate rehabilitation. However, Serino et al. (9) showed a significantly higher adverse event rate with early mobilization, and a
tendency to a higher additional surgery rate. Due to the lack
of evidence of benefits of an early mobilization, it is difficult
to provide recommendations. The rehabilitation protocol
should be chosen individually, taking into account a history or not of patellar tendon tendinopathy, the mechanism
of the rupture (high or low intensity), the type of surgical
procedure and the patient’s wish to return to sport (2).
In our review, we observed that the return to sport outcome
was rarely described in the studies. Furthermore, pre-injury
level of sport was not specified in most articles. Amongst the
few that did precise pre-injury level, many different statuses
were reported: professionals, high-school players, collegiate
athletes, competitive, recreational competitive and recreational athletes (17, 19-21).
Our review has also some limits. Firstly, the major limit is the
low level of evidence of the studies included. Indeed, due to
the rarity of this affection, there is no randomized controlled
study available in the literature (41). In our research, we
found a large number of case reports mainly mentioning
patients with inflammatory or metabolic diseases, and rarely
dealing with a sport practice. Moreover, we observed that,
amongst the few case reports mentioning a sport practice,
a return to sport was achieved for all of them. Successful
treatments being more frequently reported than failures,
we did not include case reports, to avoid this bias. However, the main quality of our study is the methods of research,
with a wide and quite exhaustive data collection. Secondly,
we did not provide a comprehensive assessment of the type
of surgical procedures because it has already been studied
(4, 30). Acute surgical repair is linked with lower complications and higher functional outcomes (4). The type of repair
depends on the location of the tear (proximal avulsion, distal
avulsion, or mid-substance tear) and on the acute or chronic
features of ruptures (chronic ruptures often require tendon
reconstruction using auto- or allografts) (30).

In order to improve the quality of future researches regarding patellar tendon ruptures, we cannot advocate the use of a
randomized controlled trial. Indeed, because of the rarity of
this injury, we would probably be unable to gather enough
patients in such a study. Yet, we recommend a more standardized and systematic report of crucial criteria used by
every physicians during the follow-up such as anthropometric parameters, prior knee medical history, use of treatment,
rupture mechanism, delay and type of surgery, rehabilitation protocol, specific sport outcomes (pre- and post-injury
level of sport according Tegner activity scale (28) and Kelly’s
scale (39), delay of return to sport, isokinetic assessment,
jump tests) and more general outcomes (radiographic evaluations, range of motion, pain, functional recovery). Thus,
the systematic collection of all these elements would allow
better comparability between studies.

CONCLUSIONS
Patellar tendon rupture occurring during sport is a rare
injury, despite the frequency of jumper’s knee in athletes.
In our review about subjects practicing sport, without
other risk factors, we found that from 52 to 100 % of the
patients returned to sport, which seems good and close to
other lower limb injuries such as ACL or Achilles tendon
ruptures. However, our conclusions are really restricted due
to the studies’ low level of evidence. These results highlight
the need of a more systematic and standardized report of
crucial data in order to improve quality and comparability
of future assessments.
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SUMMARY
Objective. To evaluate the potential immediate analgesic effect of addition of 5% dextrose water
(D5W) during local steroid injection for treatment of plantar fasciitis (PF).
Methods. In this single blind study, 122 patients with PF were randomly assigned to receive
either 40 mg triamcinolone acetonide/1ml + 0.5ml. lidocaine 2% (group A: 61 patients; 73 heels)
or 40mg triamcinolone acetonide/1ml+0.5ml. lidocaine2%+ 0.5ml. buffered D5W (group B:
61 patients; 69 heels) as a local injection using the medial approach. Visual analogue scale (VAS
0-10) was used to assess the degree of pain intensity during the injection.
Results. The mean for age was 42.56 years in group A and 43.39 years in group B (P = 0.86), the
female to male ratio was 2.8-1 in both groups and the mean for BMI was 31.49 in group A and
30.86 in group B (P=0.51).
A significant difference in VAS was observed; the mean was 8.26±2.00 in group A and 4.25±2.05
in group B (P <0.0001) with a confidence interval (95% CI) of 7.78 -8.74 for group A and 3.76
- 4.72 for group B.
Conclusions. The addition of 0.5 ml. D5W can decrease the pain associated with local steroid
injection for treatment of PF.
KEY WORDS
dextrose; local injection; pain; plantar fasciitis

INTRODUCTION
Plantar fasciitis (PF) is a common cause of heel pain that can
lead to a significant morbidity (1). It has been estimated that
10.5 per 1000 person-years among USA military personnel
had PF (2). While it is a common sport injury and reported
as the third most common running related health problem
(3), this condition also affects older and less active people
(4). According to a previous report, most people with PF
were aged between 40 and 60 years with bilateral affection
in 29% (5). The changed biomechanical response of the
hind foot resembles the most accepted risk factor for degenerative PF (6). Although often self-limiting, PF can last for
several months to years with incapacitating pain. Many
interventions have been described for treatment including
arch supports, strapping, heel pads, extracorporeal shock
wave therapy, laser, steroid injections, topical applications
and surgical interventions (7,8).

A recent review of literature recommended that PF in
athletes should receive more studies to establish a specific
diagnosis and treatment algorithm (9).
Local injection with corticosteroids is a commonly used
method of treatment that may hasten the process of pain
relief by their strong anti- inflammatory effects. They can
also inhibit fibroblast proliferation and ground substance
proteins which may help in the treatment of PF (10). While
ultrasonogrphy may be not helpful for diagnosis of PF due
to the lack of consensus about the ultrasonographic abnormalities of this condition (11) it can lead to more favorable
outcome when used for guiding local injection (12).
Oral dextrose solution has long been reported to decrease
pain during minimal invasive interventions as heel lance and
venipuncture in infants (13) and neonates (14).
Recently, Dextrose 5% water (D5W) has been reported to
decrease the pain associated with the injection of noxious
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drugs as chemotherapeutics (15) and microbiospheres (16)
when coadministered as the infusion solution with these
agents. Its immediate analgesic effect has also been demonstrated in a randomized controlled trial of epidural D5W
injection versus saline for treatment of chronic low back
pain associated with radiculopathy (17). Another study
reported a rapid analgesic effect of dextrose when injected as a prolotherapy for treatment of Achilles tendinopathy (18). Furthermore, Wolf et al. reported that the addition of 0.5M. mannitol (dextrose analogue) to lidocaine
and epinephrine significantly improved the success of the
inferior alveolar nerve block during dental procedures.
The underlying mechanism was that mannitol increases the
penetrability of the perineural membrane for lidocaine, and
it may also directly affect nerve conduction (19).

In this study, we aimed to evaluate the potential immediate
analgesic effect of D5W when locally co-administered with
corticosteroid and lidocaine for treatment of PF.

PATIENTS AND METHODS
Study population
The study was carried out on one hundred and twenty two
adult (>18 years) patients with chronic PF (more than three
months) of those attending the out- patient clinic of the
rheumatology department of our university hospital who
gave an informed consent to participate after explanation
of the method and potential side effects of the procedure.
8 patients were excluded from the study and one refused
to participate (the flow diagram figure 1). PF was diag-

Figure 1. The flow diagram of the study participants.
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nosed according to the following criteria which have been
proposed by the International Statistical Classification of
Diseases and Related Health Problems (ICD) category of
plantarfasciitis (20):
• pain in the plantar medial heel region on palpation;
• pain most noticeably with initial steps after a period of
inactivity but also worse following prolonged weight
bearing;
• pain often precipitated by a recent increase in weight
bearing activity.
Pregnant women and patients who previously received
systemic or local steroid injection within three months
or locally injected with any other material and those who
had rheumatic or connective tissue diseases or Achilles
tendonopathy were excluded from the study. Patients
with foot pain due to arthritis, trauma or neurological
problem and those with previous surgical intervention in
the heel were also excluded. The trial was conducted from
October 2018 to March 2019. This study was approved
by the local ethical committee of our institution and it
conforms with the declaration of Helsinki for human
experimentations. This study meets the ethical standards of the journal (21). The trial registration number is
PACTR201902720180705.

METHODS
Complete history taking and clinical examination was
performed including the assessment of body mass index
(BMI), disease duration and the presence of associating low
back pain and/or sciatica. Plain X-ray films were performed
on the affected heels in lateral view for diagnosis of the presence of calcaneal spur. At two week follow up, patients were
reassessed physically or by telephone for the occurrence of
any injection related complications or recurrence of heel
pain. According to a computerized randomization table, the
patients were randomly assigned into:
• group A; sixty one patients (73 heels) for receiving triamcinolone acetonide 40mg./1ml. + 0.5ml lidocaine 2%;
• group B; sixty one patients (69 heels) for receiving triamcinolone acetonide 40mg./1ml. + 0.5ml lidocaine 2% +
0.5ml buffered D5W. A 23 gouge 1.4 inches needle was
used for injection.
Through a single blind technique, the affected heel was
completely sterilized and then slowly injected using the
medial approach into the most tender point while the patient
is in supine position. The patients were then advised not to
do any long standing or walking activity for two days. The
visual analogue scale (VAS) from 0 to 10 was used to evaluMuscles, Ligaments and Tendons Journal 2019;9 (4)

ate the degree of pain during local injection where 0 resembles the least pain and 10 resembles the strongest degree of
pain felt by the patient.

DATA ANALYSIS
Statistical analyses were performed using SPSS Ver. 21.0
(SPSS Inc/IBM, Chicago, IL, USA). Categorical variables
were described by number and percent (N&%), where
continuous variables were described by mean and standard
deviation (Mean±SD). Chi-square and Fisher’s exact tests
were used to determine the differences in proportions for
each variable. Analysis of variance (ANOVA) was performed
to compare means of continuous variables between the two
groups. P value of less than or equal 0.05 was considered
significant.

RESULTS
The mean age of our patients was 42.56 and 43.39 years in
group A and B respectively. The female to male ratio was the
same in both groups (2.8:1). The mean BMI was similar in
both groups; 31.49 and 30.86 in group A and B respectively (P= 0.5). The mean disease duration was 6.02 and 10.77
months in group A and B respectively (P= 0.005). Bilateral
PF was diagnosed in 33.1% of all patients. X-ray diagnosed
the presence of calcaneal spur in 82% and 68% in group
A and B respectively. 11patients (18%) of group A and 6
(11%) of group B reported a history of previous injection
earlier than three months. There was a significant difference
between the two groups regarding the mean VAS of pain
intensity during local injection which was lower in group B
for male and female patients (P<0.0001) with a confidence
interval (95% CI) of 7.78 -8.74 for group A and 3.76 - 4.72
for group B. At two week follow up, the recurrence of pain
was found in only four patients (6.6%) of each group.
No injection related side effects or complications were
noted immediately or at follow up of assessment. Demographic and clinical characteristics are shown in table I.

DISCUSSION
Local corticosteroid injection is a commonly used option
for treatment of acute and chronic PF with proven efficacy (7,10). Several techniques have been tried to decrease
the pain occurring with local injection treatments as attention diverting measures, Valsalva maneuver (22) and EMLA
patches (23).
To the best of our knowledge, this is the first study to evaluate the potential anesthetic analgesic effect of D5W during
the local injection for treatment of PF. Although the volume
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Table I. Demographic and clinical findings of patients.

Age

Disease
duration

BMI

Pain Level
(VAS)

Group A without D5W

Group B

Male

48.75±10.27(19-66)26.23%, 16 N

42.75±9.53(29-60) 26.23%, 16 N

0.097

Female

40.36±9.34(22-62)73.77%, 45 N

43.62±9.49(28-65) 73.77%, 45 N

0.103

Total

42.56±10.21(19-66) , 61 N

43.39±9.43(28-65) , 61 N

0.86

Male
Female
Total

5.25±3.64(1-12)
6.29±6.68(1-36)
6.02±6.02(1-36)

7.94±8.22 (1-24)
11.78±12.39(1-60)
10.77±11.50(1-60)

0.241
0.010
0.005

Male

29.69±5.45 (21-39)

28.96±4.85(23-37.4)

0.694

Female

32.13±4.81 (22-43)

31.53±5.66(19-39)

0.589

Total

31.49±5.06 (21-43)

30.86±5.54(19-39)

0.511

Male

9.00±1.08(7-10)

4.15±2.28(1-9)

<0.00001

Female

8.00±2.18(2-10)

4.28±1.98(1-9)

<0.00001
<0.00001

Total

Male, N (%)

affected side

Female, N (%)

Total, N (%)

Male, N (%)
Calcanean
spur

Female, N (%)
Total, N (%)
Male, N (%)

Previous
Injection

Female, N (%)
Total, N (%)
Male, N (%)

2 week
Recurrence
rate

Female, N (%)
Total, N (%)

with D5W

8.26±2.00(2-10)

4.25±2.05(1-9)

Right
Lift
Bilateral

5 (31%)
7(44%)
4 (25%)

8 (50.0 %)
6 (37.5 %)
2 (12.5%)

Total heel

20

18

Right
Lift
Bilateral

22 (49%)
15 (33%)
8 (18%)

24 (53.3%)
15 (33.3%)
6 (13.3%)

Total heel

53

51

Right

27 (44%)

32 (52.5%)

Lift
Bilateral
Total heel
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent

22 (36%)
12 (20%)
73
16 (80%)
4 (20%)
44 (83%)
9 (17%)
60 (82%)
13 (18%)
4 (25%)
12 (75%)
7 (16%)
38 (84%)
11 (18%)
50 (82%)
2(12.5 %)
14(87.5 %)
2(4.4 %)
43(95.6 %)
4(6.6 %)
57(93.4 %)

21 (34.4%)
8 (13.1%)
69
13 (72%)
5 (28%)
34 (67%)
17 (33%)
47 (68%)
22 (32%)
0 (0%)
16 (100%)
6 (13%)
39 (87%)
6 (10%)
55 (90%)
1 (6.25 %)
15 (93.75 %)
3(6.7%)
42(93.3 %)
4(6.6 %)
57(93.4 %)

P-vale

0.536

0.506

0.581

0.641

BMI: body mass index, VAS: visual analogue sca
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of the injectate was increased by the addition of 0.5ml buffered D5W, it led to a significant decrease of the pain occurring during such painful intervention.
The potential immediate analgesic effect of D5W has been
demonstrated in a randomized controlled trail of epidural
10ml D5W versus normal saline injection for patients with
low back pain and radiculopathy17. This encouraged the
authors to examine the long term efficacy of D5W in those
patients when serially injected every two weeks for four
times. The results of long term follow up confirmed the safe
effective prolonged analgesia (24).
D5W has been recently used as a primary hydrodissection
injectate for many nerve entrapments in the upper body
and torso with proven efficacy and cumulative pain reduction comparable to deep nerve block and with more safety
profile than local anesthetic (25). Recently, D5W decreased
the associating vascular pain when co-administered with
bendamustine as a chemotherapeutic agent (15). Moreover, Paprottka et al reported a significant decrease of pain
during and after the radioembolization procedure when
they replaced the sterile water with D5W as the infusion
solution for the injection of microspheres in patients with
hepatic carcinoma (16).
The rationale behind the anesthetic analgesic effect of D5W
is still unclear but it is hypothesized that dextrose acts at
the level of pain receptors especially the transient receptor
potential vanilloid receptor 1 (TRPV-1) which is up regulated by capsaicin26. It is also hypothesized that extra cellular
dextrose elevation may hyperpolarize the normoglycemic C
fibers and lowers their firing level leading to minimization of
pain perception (27).
In the same context, Wolf et al mixed mannitol with local
anesthetic to increase its efficacy in alveolar nerve block

during dental anesthesia based on the hypothesis that it
can increase the permeability of the neural membrane (19).
Bertrand et al. used mannitol to decrease the pain resulting
from capsaicin application in a lip pain model in a double
blind, pilot- level, randomized controlled trial (28).
While our study was a single blind one, it would be more
solid if the double blind technique was applied. We
preferred not to add 0.5 ml. saline as a placebo in the control
group to avoid the increased amount of pain resulting from
increasing the volume of the injectate. This study lacked also
the long term follow up to evaluate if there is a difference
between the two groups regarding the long lasting efficacy.
More studies are needed to support our results in different
areas of enthesopathies and regional pain syndromes.

CONCLUSIONS
This study demonstrated that the addition of 0.5ml buffered D5W to the injectate can decrease the pain associated
with local steroid injection for treatment of plantar fasciitis which may increase the patient’s acceptance to this
commonly used intervention.
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SUMMARY
Background. Woman and men practice medicine differently. One recent study showed that
patients operated on by female surgeons exhibited better outcome. We hypothesized that the
sex of the surgeon would not affect patient outcome, adverse events and the biological processes of healing after surgical repair of Achilles tendon rupture (ATR).
Methods. A total of 111 patients with acute ATR were surgically repaired by the surgeon on
duty. A specific surgeon could not be decided by the patient. At two-weeks, levels of healing
biomarkers collagen I and III were quantified in microdialysates from the operated tendons.
At 12-months post-surgery, patient-reported outcome was assessed using the validated Achilles
tendon Total Rupture Score (ATRS), and adverse events were measured.
Results. Patients treated by female versus male surgeons exhibited higher levels of collagen I
(p=0.034) and reported better ATRS (88±8.2 vs. 81±14, p=0.011). Moreover, patients reported
less limitations in daily living activity, more strength and less stiffness in the ankle when treated
on by female as compared to male surgeons (all p<0.05). No significant difference in the incidence of adverse events was observed between male and female surgeons.
Conclusions. The present findings suggest further exploration of the determinating factors
including care and communication related to surgeons to improve outcome.
KEY WORDS
Achilles tendon; postoperative complications; patient reported outcome measures; rupture; sex
of the surgeon

INTRODUCTION
Patient outcome after surgical interventions is still suboptimal in many areas, such as in Achilles tendon rupture
(ATR) repair (15), and patients may suffer from residual
symptoms such as pain, weakness, and limited range of
motion.
Considering surgically treated patients, there are studies
indicating that characteristics of the surgeon, such as training background, age and surgery frequency, affect patient
outcomes (4, 7, 16). However, if the sex of the surgeon is
related to patient outcome, has been a controversial issue in
the past, as indicated by the limited number of studies on
this subject (18, 19, 22).

From the few studies conducted in this field, it has been
shown that female physicians use more patient-centered
communication (2, 17) and are more likely to follow clinical guidelines (3). One large observational study found
that patients treated by female, as compared to male internists, not only exhibited a lower 30-day readmission, but
more importantly, a lower 30-day mortality (20). Similarly
in surgical fields, recent studies indicate a lower mortality-rate among patients operated on by female surgeons
(18, 22). One study including a total of 45 826 surgeons,
found that female surgeons aged 50-59 years exhibited the
lowest operative mortality-rates across all examined groups
of surgeons (19). Earlier register studies have, however, not
531
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identified potential explanations for differences in outcome
observed between female and male surgeons.
Recently, however, a method to assess the healing progression of ATR was developed by using a microdialysis technique followed by quantification of tissue-repair biomarkers.1 Higher levels of tendon building blocks, normalized
collagen type-I (n-PINP) and type-III (n-PIIINP), were
associated with improved self-reported outcome twelve
months after ATR (1).
Thus, the aim of the present study was to go one step
further, not only examining potential discrepancies in
patient-reported outcome related to surgeon sex, but to
explore whether biological pathways in the underlying healing processes of patients could differ between female and
male surgeons. We hypothesized that the sex of the surgeon
would not affect healing biomarkers, adverse events and
patient-reported outcome after ATR surgical repair.

MATERIALS AND METHODS
Ethical approval was obtained from the Regional Ethical
Review Committees (Dnr: 2013/1791-31/3, 2009/207931/2) and the original trials was listed in clinicaltrials.gov.

Patients
Two hundred and fifty-five patients with unilateral acute
Achilles tendon rupture (ATR) were retrospectively included from two different randomized control trials (RCTs) at
the Karolinska University Hospital, Sweden (figure 1).
All patients were operated on according to a standardized surgical protocol and randomized to three different
post-operative treatments. Surgeons on duty performed
the surgery and no specific surgeons were selected by the
patients. The inclusion criteria were acute unilateral ATR in
patients aged between 18 and 75 and the exclusion criteria
as earlier published (5,21). Unknown sex of the operating
surgeon was included as an additional exclusion criterion
in the study. In order to assess the biological factors associated with tendon healing, willingness to perform microdialysis at the two-week follow-up was added as an inclusion
criterion in this study. Based on inclusion and exclusion
criteria, a total of 111 patients were included in the study
with 80 patients operated on by male and 31 patients operated by female surgeon (figure 1).

Sex of the surgeon and patient demographics
None of the patient characteristics (sex, age, height, weight,
BMI and smoking), time to surgery or the operative time
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were significantly correlated to the sex of the surgeon or the
different adverse events (table I).

The professional experience and age of the
surgeon
The experience of the surgeon was registered as a potential
confounding factor. The general experience of the surgeon
was defined as being a specialist (=1) or resident (=0) in the
orthopedic field. However, male surgeons were more likely to
be specialists since the sex of the surgeon (male=0, female=1)
was significantly correlated to the general experience (r=-.233,
p=.013). To verify the results the factor of being a specialist or
not was controlled for in the regression analysis.
A total of 32 male surgeons performed 80 ATR surgeries while 31 ATR surgeries were performed by 9 female
surgeons. Male surgeons were older than female with a mean
age for male of 44± 9 years and for female surgeons 38 ± 6
years (p = 0.009). The age of the surgeon was not correlated to any of the patient characteristics, adverse events or
outcome variables.

Surgical procedure
All patients were operated according to the standardized
surgical protocol and standardized local anesthetic was
used. Briefly, the surgical procedure was initiated by a medial incision over the Achilles tendon, followed by a central
incision through the fascia cruris and the paratenon. A
modified Kessler suture technique, using two 1-0 polydioxanone (PDS II) sutures (Ethicon, Sommerville, New Jersey,
USA) was used to suture the tendon ends together. Thereafter, the paratenon and fascia cruris were sutured separately using 3-0 Vicryl sutures, and skin was closed with 3-0
Ethilon sutures (Ethicon, Sommerville, New Jersey, USA).
All patients were prescribed paracetamol 500 mg/codeine
30 mg for post-operative pain. No anti-inflammatory or
thromboprophylactic drugs were given to the patients.

Post-operative treatments and rehabilitation
The patients were randomized to either a plaster cast (n=38)
(5,21), an orthosis with an intermittent pneumatic compression (IPC) device beneath (n=18) (5) or an ankle-mobile
orthosis (n=55) (21) (VACO®ped, OPED Gmbh, Germany). The post-operative treatments varied between patients
during the first two weeks after surgery. There were no
significant correlations between the different post-operative treatments and the sex of the surgeon, the different
outcome variables or the adverse events.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 1. Flowchart describing patients and follow-up. 111 patients were included in the study. Abbreviations: ATRS = Achilles tendon Total Rupture Score.

Microdialysis
At week 2 post-surgery, microdialysis was performed on all
patients as described previously8. Briefly, a small catheter
was inserted at the ventral aspect of the paratenon and close
to the rupture site, under local anesthesia. Microdialysates
were collected at the speed of 1.0 μL/min. The samples were
collected every 30 min during a period of 2 h and immediately
Muscles, Ligaments and Tendons Journal 2019;9 (4)

stored at -80oC for future analysis. Microdialysis was conducted by one investigator blinded to the study procedure.

Collagen I and III assessment by ELISA
To assess markers of healing, the N-terminal peptides of
procollagen I (PINP) and procollagen III (PIIINP) were
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Table I. Patient characteristics: 111 patients were included in the study.
Variable

Patients operated on by:
Male surgeons (n=80, 72%) Female surgeons (n=31,
28%)

P-valuea

Sex, Female		

n (%)

13 (16)

9 (29)

.183

Age, (Years)		

M±SD

41 ± 8

39 ± 6

.451

Height, (cm)		

M±SD

178.5 ± 8.4

176.6 ± 8.3

.306

Weight, M±SD. (kg)

M±SD

82.0 ± 12.9

79.2 ± 13.4

.330

BMI, M±SD. (kg/cm2)

M±SD

25.6 ± 2.9

25.3 ± 3.1

.613

Smoker 			

n (%)

2 (3)

2 (7)

.311

Time to surgery, 		
(Hours: Minutes)

M±SD

80:17 ± 43:50

87:23 ±55:58

.529

Operative time, (Minutes)

M±SD

40 ±15

37 ±15

1.0

Adverse events 		

n (%)

31 (39)

15 (48)

.395

Deep Venous Thrombosis

n (%)

28 (36)

13 (42)

.663

Peri-operative complication n (%)

6 (8)

2 (7)

1.0

Rerupture 		

n (%)

1 (1)

1 (3)

.482

Infection 		

n (%)

2 (3)

1 (3)

1.0

P-values were calculated using independent-samples t-test for normal-distributed continuous variables and Fishers exact test (two-sided) and chi-square
analysis for categorical variables. n = number of patients.
a

measured in the micro dialysate using a commercially available ELISA kit (USCN Life Science, Inc., Houston, TX,
USA). All assays were performed simultaneously, according
to the protocol set by the manufacturer. Protein content was
measured by using Bradford assay. The normalized procollagen levels were calculated by dividing the concentrations
of PINP and PIIINP by the total protein content.

Subjective patient-reported outcome
The ATRS is a validated and highly reliable questionnaire
used to assess patient outcome 12 months after ATR-surgey
(14). The ATRS includes 10 specific questions regarding
pain, strength, tiredness or stiffness, and physical activities
including jumping, running, walking on uneven surface or
in stairs and scored from 0 - 10, with 0 = worst and 10 =
best. The maximum total ATRS-score is 100, signifying the
best possible outcome.

Adverse events
Adverse events, such as peri-operative surgical complications, DVTs, wound infections and re-ruptures, were recorded throughout the original studies and treated according to
hospital protocol. Because of the low frequency of events
within each of the above-mentioned variables, these were
combined into a single composite variable.
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All patients were screened for DVT in the operated leg by
unilateral compression duplex ultrasound (Philips CX 50
ultrasound machine, Philips Medical Systems, Andover,
MA, USA) at the two- and six-week follow-up. All deep
proximal and distal veins, including muscle veins and v.
saphena magna were evaluated by two experienced ultrasonographists, who were blinded to the sex of the surgeon.
The criteria for DVT diagnosis and the diagnostic procedure have been described earlier (5, 13). If the patient had
any signs of wound infection, a culture was taken to diagnose a potential infection at the two- and six-week followup. Peri-operative surgical complications, such as if the
surgeon needed to call on a fellow surgeon or elongate
the incision, were considered as complications and were
assessed by journal reviewing.

Statistical analysis
A power calculation was based upon data from a clinically
relevant difference in patient-reported outcome, ATRS, of 7
points (6). We estimated that one group would at least achieve
80 points in ATRS. Thirty-three patients in each group, were
required to detect a difference of 7 points in ATRS at one year
(two-sided type-I error rate = 5%; power = 80%).
The data were analyzed using SPSS version 24 (IBM Corp.
Released 2016. IBM SPSS Statistics for Windows, Armonk,
NY: IBM Corp.) in cooperation with a statistician. All variMuscles, Ligaments and Tendons Journal 2019;9 (4)
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ables were summarized with standard descriptive statistics
such as mean, standard deviation and frequency. Student’s
t-test was applied to detect differences between groups for
normal-distributed variables. For non-normal distributed
data, Mann-Whitney U-test and Fishers exact test (two-sided) were applied. The significance of correlations was determined by parametric Pearson or non-parametric Spearman
correlation coefficient. For variables that were significantly
correlated, or close to correlation, multiple linear regressions
analyses (stepwise forward method, with an inclusion level of
.05 and exclusion level of .10) were applied. This was done
in order to investigate the unique relationships between
the independent patient variables (sex, age, smoker) and
surgeon experience, as well as the relationships between
time from injury to surgery and the dependent variable. The
signiﬁcance level in all analyses was set at p≤.05 (two-tailed).

RESULTS
Patient-reported outcome
At the one-year follow-up, patients operated on by female
surgeons exhibited significantly better total ATRS compared
to patients operated on by male surgeons (figure 2). In the
specific ATRS-questions, patients operated on by female
surgeons exhibited significantly less limitations in ADL, less
stiffness, more strength in the calf/tendon and less limitations on uneven surfaces (all p<.05). Regression analyses
corroborated significant differences for less limitations in

Figure 2. Total ATRS for patients operated on by female
(n=18) and male surgeons (n=66) with 95% CI. 84 patients
were included in the analysis.

ADL, less stiffness and more strength in the calf/tendon as
measured after controlling for potential confounding variables (patient sex, age, smoking, surgeon experience and
the time from injury to surgery) (table II).

Table II. Subjective outcomes. Out of 111 microdialysis-patients, 85 answered the ATRS. Patient characteristics (sex, age,
smoker), surgeon sex and surgeon experience were considered as independent variables in the multiple linear regression.
Outcome

T-test

Multiple linear regression

Male surgeon

Female surgeon

p-value

ATRS total sum

81 ±14

88 ±8.2

.011

F(1.80)=5.286, p=.024, R²=0.062

Limited strength in calf/tendon/foot?

6.9 ±2.2

8.5 ±1.2

.005

F(1.81)=8.662, p=.004, R²=0.097

Tired in the calf/tendon/foot?

8.0 ±1.8

8.4 ±1.9

.427

Stiffness in the calf/tendon/foot?

7.5 ±2.0

8.9 ±1.2

.007

Pain in the calf/tendon/foot?

9.1 ±1.4

9.5 ±0.9

.363

Limited ADL?

8.8 ±1.6

9.7 ±0.6

.019

F(1.81)=4.962, p=.029, R²=0.058

Limited on uneven surface?

8.8 ±1.6

9.5 ±1.0

.045

F(1.80)=3.294, p=.073, R²=0.040

Limited in stairs/hills?

8.7 ±1.6

9.2 ±1.0

.419

Limited when running?

7.6 ± 2.2

7.8 ±2.4

.713

Limited when jumping?

6.9 ±2.3

7.7 ±1.7

.121

Limited in physical work?

8.7 ±1.6

9.0 ±1.0

.700

a

Patients reported outcome

a

F(1.81)=8.132, p=.006, R²=0.091

Statistically significant values in bold.

ATRS=Achilles tendon Total Rupture Score; ADL=Activity of Daily Life
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Biomarkers of Tendon callus production
Tendon healing was monitored by studying levels of collagen I (n-PINP) and III (n-PIIINP) in microdialysate. We
observed higher levels of n-PINP in patients operated on
by female (6.6±4.9) compared to male surgeons (4.7±3.2),
which was close to significant (p=0.053). Regression analyses verified significant differences (p=0.034) in n-PINP
levels after controlling for confounding variables (patient
sex, age, smoking, surgeon experience and the time from
injury to surgery) (figure 3). Patients operated on by female
surgeons exhibited higher levels (122±77) of n-PIIINP than
by male surgeons (94±50), however the differences were
non-significant (p=0.158).

Adverse events
There were no significant differences in the rate of adverse
events among patients operated on by male versus female
surgeons (p=.4; table I). The incidence of adverse events
in the injured leg at the two- and six-week follow-up were
48% (15/31) (95% CI, 31% to 66%) among patients
operated on by female surgeons and 39% (31/80) (95%
CI, 28% to 49%) among patients operated on by male
surgeons (table I).

Figure 3. Mean n-PINP concentration in the injured leg for
patients operated on by female (n=19) and male surgeons
(n=43) at the two-week follow-up microdialysis with 95% CI.
Regression analyses verified significant differences (p=0.034).
62 patients were included in this analysis.

DISCUSSION
This study is the first to investigate how patient outcome
and levels of biomarkers related to the healing-process in
Achilles tendons varied between patients operated on by
male and by female surgeons. The study demonstrates
that the patients operated on by female surgeons exhibited significantly better patient-reported outcome, i.e. less
symptoms, according to total ATRS one year after ATR-surgery compared to patients operated on by male surgeons.
In this study patients operated on by female surgeons also
exhibited significantly higher levels of biomarkers that
possibly could be related to the sex of the surgeon. The risk
of sustaining adverse events was similar between patients
operated on by female and male surgeons.
This study established that patients operated on by the
female surgeons exhibited significantly better total ATRS,
a mean of 88 points, while patients operated on by the male
surgeons exhibited 81 points. A difference of 7 points in the
total ATRS has in an earlier study been considered as a clinically relevant difference (6).
The difference in the total ATRS among patients operated
on by female vs male surgeons can partly be explained by
the significantly better ATRS-subscores in three of the ten
individual ATRS-questions. Specifically, patients operated
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on by the female surgeons demonstrated significantly less
limitations in ADL, less stiffness and more strength in their
repaired Achilles tendon according to the self-estimated
ATRS. These observations at one-year post-surgery hypothetically reflect differences in surgical techniques, but may
also be influenced by the care and information given to the
patient post-operatively and during the two- and six-weeks
follow-up visits.
There is only a limited number of other reports, exclusively register/database studies, investigating differences
in outcome among female and male surgeons. One study
including 104 630 patients and comparing the outcome of
25 different types of surgeries, demonstrated that patients
operated on by female surgeons had a small, but statistically
significant, decrease in complications and 30-day mortality (22). The study could, however, not find any potential
explanation for the differences observed, but the fact that
patients operated on by female surgeons exhibited better
outcome seems to support the result of our study.
Two other studies seem to contradict the results of the present study by demonstrating that patient outcomes were
similar when surgery was performed by female and male
surgeon after matching the age and clinical experience of the
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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surgeons (18,19). A third study found that “female surgeons
in their 50s had the lowest operative mortality”, but the
study could, however, not find any evidence that mortality
differed between female and male surgeons after adjusting
for confounding factors. The present study did also investigate the age of the surgeon and corrected for differences
in the experience of the surgeon. The male surgeons had
significantly higher age than the female surgeons, but the
age of the surgeon was not significantly correlated to any of
the patient outcome variables or adverse events.
This study was unable to find any significant differences in the incidence of adverse events (peri-operative surgical complications, DVTs, wound infections and re-ruptures) between patients operated on by male versus female
surgeons. This indicates that the improved results seen at
two weeks in healing biology and at one year in subjective
outcome of patients operated on by female surgeons are not
explained by a difference in early complications between
the two different surgeon groups.
The second main finding of this study pertained to that
patients operated on by female surgeons exhibited significantly higher levels at two weeks post-operatively of n-PINP
(procollagen type I) in the repairing tendon.
A few previous studies have demonstrated that higher levels of the tendon healing marker n-PINP assessed at
the two-week follow-up are correlated to improved patient
outcomes at one year (1, 8, 12). The in this study observed
increased levels of n-PINP, which is one of the major building stones in tendon healing, suggests a plausible explanation
for the better patient-reported outcome in patients operated
on by female surgeons. The underlying cause of the increased
n-PINP is, however, unknown. Hypothetical factors that
may alter n-PINP expression are differences in surgical techniques and dissimilarities in post-operative care and information leading to eg. discrepancies in mobilization regime.
The present study is, according to the best of our knowledge, the first non-register study in the field of surgery with
data solely collected from RCTs and with all patients undergoing the same surgical procedure, that investigates if the
sex of the surgeon affects patient-reported outcomes. Earlier studies, which found that patients operated on by female
surgeons exhibited better outcome, could not find a potential explanation for the difference (22). The present study
did observe increased levels of n-PINP, which suggests
an explanation for the better patient-reported outcome in
patients operated on by the female surgeons. However, this
conclusion warrants further studies to replicate the findings
and examine their underlying factors.
Other factors in patient care, however, have been found
to differ between female and male doctors, such as female
physicians using more patient-centered communication (2,
Muscles, Ligaments and Tendons Journal 2019;9 (4)

20). The biological factors pointing to the observed differences related to tendon healing then again strengthen the
assumption that there are dissimilarities in care related to
the sex of the surgeon that might affect the final patient
outcomes. Our results, however, do not support that
surgeons should be selected based on their sex, rather they
support sex equality also in the surgical field (9). The findings of this study also support the need for further studies
on surgical outcomes related to surgical techniques, surgeon
characteristics and surgeon communication, which can be
used to improve patient outcomes.
The study did have some limitations and although we
controlled for several possible confounding factors, the
study was a retrospective cohort-study with all its potential
bias. The two cohorts included exhibited small differences
in the post-operative treatment, however this was controlled
for in the statistical analyses and had no significant effects
on the outcome. The rehabilitation of the patients was closely monitored during the first six weeks following surgery,
where after patients were given clear instructions on how
to continue their rehabilitation. Beyond the six-week timepoint, however, monitoring of individual differences in
rehabilitation was not performed. In this study female
surgeons performed more surgeries per surgeon (in average
3.4 surgeries per female surgeon and 2.5 surgeries per male
surgeon). Thus ATR-surgery volume is a factor that has to
be studied further.
An earlier study suggested that a potential bias may be present if patients are given the option to select their surgeon
(14). Therefore, a strength of this study was that the patients
did not have the option to choose their surgeon, as they
were operated on by the surgeon available at the day of
surgery. Other potential confounders affecting the results
may be patient expectation on the surgeon, how the patients
tolerate and judge their symptoms and the surgeon experience of Achilles tendon surgery before this study, which all
were factors we could not control for. Therefore, to corroborate our results, prospective randomized controlled trials
comparing the surgeons are needed.

CONCLUSIONS
The present study shows no significant differences in adverse
events in ATR patients related to the sex of the surgeon,
but it does suggest that patients operated on by the female
surgeons exhibited superior patient-reported outcomes (a
mean of 7 points higher total ATRS) one year after ATR-surgery. We also found that patients operated on by the
female surgeons exhibited higher levels of important healing biomarkers. There is no single evident explanation for
these observations, but plausible factors additional to surgi537
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cal techniques include the care and information given to the
patient post-operatively. These findings do not warrant policy changes, but rather further examinations on the surgeon
factors underlying ATR healing and patient outcome.
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SUMMARY
Background. Achilles tendinopathy (AT) is characterised by pain with loading e.g.
hopping. Disruption in the working body schema may contribute to pain. We tested this
idea by ‘training’ the working body schema through motor imagery and testing loading
pain.
Methods. 6 participants with mid-portion AT entered this preliminary cross–over study.
They received two randomised motor imagery training interventions 1) Specific laterality
training using images of feet; 2) Sham training using images of the hand. After each condition, they performed 10 submaximal hops and reported their pain intensity (VAS in mm)
and Time to Ease (s) afterwards. Participants were blinded to the study hypotheses.
Results. Mean Pain Intensity was significantly lower after specific laterality training
compared to sham (β coefficient = -13.17, 95% CI -21.3 to – 5.0, p=0.005). Mean Time
to Ease was not significantly different between conditions (β coefficient = -38.67, 95% CI
– 91.0 to 13.7, p=0.13). The order of testing was not significantly associated with either
measure (Pain Intensity: F(1,9)=0.05, p=0.83; Time to Ease: F(1,9)=0.001, p=0.98).
Conclusions. Participants reported less pain with hopping after specific laterality training
than after sham training suggesting disruption of the body schema may contribute to pain
and disability in Achilles tendinopathy.
KEY WORDS
Achilles tendinopathy; body schema; laterality training; motor imagery

BACKGROUND
Achilles tendinopathy (AT) is a common overuse condition
characterised by localised pain and swelling and associated
functional loss (1). While the exact mechanisms by which
tendon pain arises remain unclear (2), abnormal loading
during activities involving stretch shortening cycles appears
to be a primary factor in producing a symptomatic tendon
(3), particularly disruption in the way lower limb stiffness is
modulated under load (4).

One factor that might contribute to abnormal loading is
disruption in the working body schema – the online cortical
maps that are used to plan, coordinate and execute movement (5). There is evidence that ongoing musculoskeletal
pain may disrupt cortical maps of the painful area (6-8) and
influence performance on psychophysical tasks thought to
reflect the integrity of the working body schema (9,10).
One way to test if body schema disruption contributes to
maladaptive loading in AT is to see if ‘training’ the work539

Motor imagery training and Achilles tendinopathy

ing body schema decreases pain with loading. Motor imagery tasks such as laterality recognition are thought to reflect
the integrity of the working body schema and it has been
suggested that laterality training may normalise body schema disruption (11). We sought to exploit this idea in a
randomised cross-over experiment and determine if a session
of progressive laterality training specific to the lower limb
decreased pain with tendon loading. We hypothesised that
participants with AT would report less pain with hopping
and recover more quickly after laterality training specific to
the lower limb than they would after sham laterality training.

MATERIALS AND METHODS
Study Design
This randomised, repeated measures, cross-over experiment
was conducted at The University of Notre Dame Australia.
Institutional ethical approval (REF: 012111F) was obtained
and all participants provided informed consent. This project adhered to the Declaration of Helsinski and journal
guidelines (12).

PARTICIPANTS
6 participants diagnosed clinically with mid-portion AT
were recruited from the local medical and sporting community between March and August 2013. Inclusion criteria for
both groups were age between 18 and 60 years and fluency
in English. Specific inclusion criteria for the AT group were
a clinical diagnosis of AT based on the following diagnostic
criteria; >12-week history of unilateral mid-portion Achilles tendon pain, concordant pain on palpation, pain with
or after loading, morning stiffness and a Victorian Institute
of Sports Assessment–Achilles (VISA-A) score of <80/100
(13). As this was a preliminary investigation using a novel
testing paradigm which required multiple bouts of hopping,
we cautiously limited our inclusion to participants with
VISA-A score of <80/100 in order to minimise unnecessary
provocation of pain from the repeated mechanical loading of
the Achilles tendon. Participants were excluded if they were
pregnant, had received treatment for another lower limb
injury or lumbar spine problem in the past 12-months, had
a medical condition precluding physical activity, presented
with bilateral AT, had undergone previous Achilles tendon
surgery, or if they had insertional tendon pain.

Procedure
Participants were initially screened for eligibility by a
research assistant. To confirm eligibility each participant
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underwent a physical evaluation conducted by an experienced musculoskeletal physiotherapist and completed the
VISA-A (14). Eligible participants were then assigned a
research number and basic demographic and clinical information were recorded. Prior to training participants practiced a set of 10 hops on the unaffected leg to familiarise
them with the task of hopping in time to a metronome.
To control for order effects, a computer generated random
sequence was used to assign which condition the participants would be exposed to first. The two conditions were 1)
specific laterality training consisting of images of feet or 2)
sham laterality training consisting of images of hands.
In the specific condition participants undertook a 20-minute
laterality training task using the Recognise™ App (NOI,
Adelaide Australia) run on an iPad. Vanilla photos of feet
in various orientations were displayed on the screen and
participants were instructed to decide if the displayed image
was a left or right foot as quickly and accurately as possible
by pressing the ‘Left’ or ‘Right’ icon respectively (figure 1).
Images were displayed for five seconds each initially, if the
participant scored 90% accuracy (≥36 / 40 correct responses) the time images were displayed was decreased by one
second to a minimum of two seconds. Once participants were
90% accurate at two seconds, training progressed by utilising more complex images, termed ‘context’ and ‘abstract’

Figure 1. Sample image used for Specific Laterality Training;
Reproduced from Recognise™ App (NOI, Adelaide Australia); note original images were in colour.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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images in the Recognise™ App. Images were presented in
batches of 40 and the rate of progression was individualised
depending on performance. Sham laterality training was
identical except that photos of hands were used.
Immediately following the completion of the laterality task,
the participant was instructed to perform 10 single-leg
hops on their affected limb. Participants were positioned
with hands on hips standing on a firm surface with no footwear. They were then instructed to hop on the affected leg
synchronised to a metronome set at 2Hz (15).
After the first condition, participants rested for 20 minutes
before undertaking the alternate condition. Randomisation
was concealed and participants were blinded to the study
hypotheses.

OUTCOME MEASURES
Pain Intensity was recorded immediately on completion
of the hopping task using a visual analogue scale (VAS)
anchored with 0 = “no pain” and 100 = “pain as bad as you
can imagine”. Participants were asked to rate their Achilles
pain by placing a vertical line at the point on the scale that
best corresponded to their pain in that moment. Participant
responses were converted to a number by measuring the
distance in millimetres from their mark to the left anchor by
an independent assessor blinded to condition.
To assess Time to Ease the research assistant started a timer
immediately on conclusion of the 10 single leg hops. After
completing the post-movement VAS the participant was
positioned in sitting and given the timer, and instructed to
press stop when their pain had returned to baseline level. The
time displayed on the stopwatch was recorded in seconds.
If the participant’s pain had not eased to baseline within 15
minutes, Time to Ease was recorded as 900 seconds.

DATA ANALYSIS
A linear mixed model was fitted to Pain Intensity and Time
to Ease using the generalized mixed model procedure in
SPSS® v 24 (IBM Corporation, NY). Both models included task (specific or sham training) and order of testing as
fixed terms, and the correlation between responses within
the same participant was accounted for by fitting a random
effect for participant. P<0.05 was considered significant.

RESULTS
Participant Characteristics
All 6 participants completed both the specific and sham
training, and there were no missing data. The demographic
Muscles, Ligaments and Tendons Journal 2019;9 (4)

and clinical characteristics of the participants are shown in
table I.

Order of testing
Order of testing was not significantly associated with either
measure (Pain Intensity: F(1,9)=0.05, p=0.83; Time to Ease:
F(1,9)=0.001, p=0.98). In addition, removal of order of testing did not alter the parameter estimates for task in either
model and thus was not considered further.

Effect of Laterality Training on Pain Intensity
Figure 2 displays mean Pain Intensity and mean Time to
Ease for the two laterality tasks. Mean Pain Intensity score
for specific laterality training was 13 mm lower than that for
sham training (β coefficient = -13.17, 95% CI -21.3 to – 5.0,
p=0.005).

Effect of Laterality Training on Time to Ease
Mean Time to Ease was on average 38s quicker for specific
laterality training compared with sham (figure 2), but this
difference was not significant, owing to substantial variability in this measure (β coefficient = -38.67, 95% CI – 91.0 to
13.7, p=0.13). Inspection of the raw data indicated that one
participant took 201s for the pain to ease, which was twice
the duration of the next highest value.

DISCUSSION
This study aimed to determine if a session of progressive laterality training specific to the lower limb decreases
pain with tendon loading in people with AT. Participants
performed either specific laterality training or sham training in random order. Pain on hopping and time for pain to
ease were assessed immediately after each training condition. The primary hypotheses of the study were that particiTable I. Demographic and clinical characteristics of the 6
participants.
n

%

Gender (Female)

3

50

Dominance (Right)

4

67

Mean

SD

Range

Age (years)

33.67

11.06

19-53

Duration of Pain (weeks)

141.50

119.86

13-316

VISA-A score*

64.67

11.76

53-80

VISA A = Victorian Institute of Sports Assessment–Achilles
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Pain Intensity (VAS) in mm

Pain Intensity
Specific vs Sham Laterality Training
100
90
80
70
60
50
40
30
20
10
0

* p = 0.005

64.50

50.88

Sham

Specific

Time to Ease
Specific vs Sham Laterality Training

Time to Ease (s)

120
100

p = 0.13

80
60

78.25

40
20
0

37.13
Specific

Sham

Figure 2. Mean Pain Intensity (mm) and Time to Ease (s) for
Specific Laterality Training vs Sham Laterality Training; Error
bars represent the standard error of the mean; * indicates a
statistically significant difference.

pants would report less pain and recover more quickly after
specific laterality training than they would after sham training. In support of our hypotheses participants reported a
lower Pain Intensity following specific training. However, no difference in Time to Ease between the two conditions was observed. While the results of small studies must
always be interpreted cautiously, the validity of the results
is supported by the fact that all subjects reported lower
pain scores with specific laterality training.
Statistical analysis revealed that the improvement in Pain
Intensity following the experimental condition is not
attributed to an order effect. This suggests that the 20
minute wash-out period employed between the experimental and control condition was sufficient. It also indicates
that the pain reduction induced by one 20 minute period
of laterality training is not sustained beyond this time. This
was a desired outcome and highlights the evaluative nature
of the protocol employed in this study. As such, we do not
recommend use of such a small dose in trials evaluating the
efficacy of laterality training as a supplementary management strategy. The application of a protocol that reflects the
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intensity of previous randomised controlled trials appears
necessary (16-18).
This is the only study we are aware of which has investigated
the use of motor imagery in AT. However, there is a growing body of evidence supporting similar approaches in a
number of chronic musculoskeletal pain conditions (10,19).
Evidence of changes in how the affected body part is represented cortically have been a major impetus for the development of these approaches (10), along with psychophysical
findings consistent with disruption of the mechanisms that
underpin the working body schema (9). Clear evidence of
similar impairments in people with AT is lacking, though
recent data suggest that in people with unilateral AT, tactile
acuity is significantly decreased over the painful tendon
(13), an impairment that some suggest may be reflective of
disrupted cortical representation of the affected area (20).
While it is still unclear if laterality performance is impaired
in people with AT, previous research has reported a positive
correlation between tactile acuity and laterality performance
for healthy controls as well as some, but not all, chronic pain
populations (21). The results of the current experiment
provides data that laterality performance might be disrupted in chronic AT and as a preliminary study, supports the
further exploration of this possibility.
While the extent to which the working body schema is
disrupted in AT is as yet unclear, there are plausible reasons
as to why this might contribute to symptoms. The most
likely explanation is that degradation of the cortical maps
used to plan, coordinate and execute movement will alter
motor performance and lead to maladaptive tendon loading, thus contributing to the production of nociceptive
input from the tendon. It is also possible that disruption
of the centrally held representation of the area disrupts the
internal calculation of tendon load and contributes to the
pain experience via an enhanced threat perception related to incongruence between predicted and actual motor
responses (2,22). This preliminary study represents an early
indication that strategies that target central nervous system
mechanisms may be an effective means to optimise clinical outcomes for lower limb loading injuries, though clearly
further studies are required.

CONCLUSIONS
Participants with AT reported reduced hopping pain after
a single session of laterality training using pictures of feet
compared to a single session of laterality training using
pictures of hands. These preliminary data suggest that
alterations in body schema may contribute to the pain and
disability associated with AT. This study provides proof of
concept to inform further exploration into this area.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

J. Debenham, S. Krummenacher, I. Skinner, D. Hince, M. Travers, B. Wand

CONFLICT OF INTERESTS
The Authors declare no conflict of interests.

REFERENCES
1. Kountouris A, Cook J. Rehabilitation of Achilles and patellar
tendinopathies. Best Pract Res Clin Rheumatol 2007;21(2):295316.
2. Rio E, Moseley L, Purdam C, et al. The pain of tendinopathy:
physiological or pathophysiological? Sports Med 2014;44(1):923.
3. Munteanu SE, Barton CJ. Lower limb biomechanics during
running in individuals with achilles tendinopathy: a systematic
review. J Foot Ankle Res 2011;4:15.
4. Debenham JR, Travers MJ, Gibson W, et al. Achilles tendinopathy alters stretch shortening cycle behaviour during a
sub-maximal hopping task. J Sci Med Sport 2016;19(1):69-73.
5. Morasso P, Casadio M, Mohan V, et al. Revisiting the Body-Schema Concept in the Context of Whole-Body Postural-Focal
Dynamics. Frontiers in Human Neuroscience 2015;9:83.
6. Di Pietro F, McAuley JH, Parkitny L, et al. Primary somatosensory cortex function in complex regional pain syndrome: a systematic review and meta-analysis. J Pain 2013;14(10):1001-18.
7. Di Pietro F, McAuley JH, Parkitny L, et al. Primary motor
cortex function in complex regional pain syndrome: a systematic review and meta-analysis. J Pain 2013;14(11):1270-88. doi:
10.1016/j.jpain.2013.07.004.
8. Wand BM, Parkitny L, O’Connell NE, et al. Cortical changes
in chronic low back pain: current state of the art and implications for clinical practice. Man Ther 2011;16(1):15-20.
9. Lotze M, Moseley GL. Role of distorted body image in pain.
Curr Rheumatol Rep 2007;9(6):488-96.
10. Moseley GL, Flor H. Targeting cortical representations in
the treatment of chronic pain: a review. Neurorehabil Neural
Repair 2012;26(6):646-52.

Muscles, Ligaments and Tendons Journal 2019;9 (4)

11. Priganc VW, Stralka SW. Graded motor imagery. J Hand Ther
2011;24(2):164-8.
12. Padulo J, Oliva F, Frizziero A, et al. Muscle, Ligaments and
Tendons Journal. Basic principles and recommendations in
clinical and field science research. Muscles, ligaments and
tendons journal 2014;3(4):250-52.
13. Debenham JR, Butler P, Mallows A, et al. Disrupted Tactile
Acuity in People With Achilles Tendinopathy: A Preliminary
Case-Control Investigation. Journal of Orthopaedic & Sports
Physical Therapy 2016;0(0):1-10.
14. Robinson JM, Cook JL, Purdam C, et al. The VISA-A questionnaire: a valid and reliable index of the clinical severity of
Achilles tendinopathy. Br J Sports Med 2001;35(5):335-41.
15. Farley CT, Blickhan R, Saito J, et al. Hopping frequency in
humans: a test of how springs set stride frequency in bouncing
gaits. J Appl Physiol (1985) 1991;71(6):2127-32.
16. Moseley GL. Graded motor imagery is effective for long-standing complex regional pain syndrome: a randomised controlled
trial. Pain 2004;108(1-2):192-8.
17. Moseley GL. Is successful rehabilitation of complex regional
pain syndrome due to sustained attention to the affected limb?
A randomised clinical trial. Pain 2005;114(1-2):54-61.
18. Moseley GL. Graded motor imagery for pathologic pain. A
randomized controlled trial 2006; 67(12):2129-34. J Neurology
19. Bowering KJ, O’Connell NE, Tabor A, et al. The effects of
graded motor imagery and its components on chronic pain: a
systematic review and meta-analysis. J Pain 2013;14(1):3-13.
20. Wallwork SB, Bellan V, Catley MJ, et al. Neural representations and the cortical body matrix: implications for sports
medicine and future directions. British Journal of Sports
Medicine 2015.
21. Stanton TR, Lin CW, Bray H, et al. Tactile acuity is disrupted
in osteoarthritis but is unrelated to disruptions in motor imagery performance. Rheumatology (Oxford) 2013;52(8):150919.
22. Harris AJ. Cortical origin of pathological pain. The Lancet
1999;354(9188):1464-66.

543

ORIGINAL ARTICLE

Nr 2019;9 (4):544-551

Quantifying the Dimensions of Achilles Tendon
Insertional Area Using Ultrasound Imaging
A Validity and Reliability Study
N.H. Alghamdi1,2, M. Killian3, B. Aitha4, R.T. Pohlig1, K. Grävare Silbernagel1
1
2
3
4

Department of Physical Therapy, University of Delaware, Newark, DE, USA
Department of Physical Therapy, King Abdulaziz University, Jeddah, Saudi Arabia
Department of Biomedical Engineering, University of Delaware, Newark, DE, USA
School of Nursing, University of Delaware, Newark, USA

CORRESPONDING AUTHOR:
Karin Grävare Silbernagel
Department of Physical Therapy
University of Delaware
540 South College Ave
Newark, DE 19713, USA
E-mail: Kgs@udel.edu
DOI:
10.32098/mltj.04.2019.09
LEVEL OF EVIDENCE: 3

SUMMARY
Background. The purpose of this study was to evaluate the reliability and validity of using US
imaging for measuring Achilles tendon insertion area to the calcaneus.
Methods. Sixteen cadaveric tendons were used to compare the agreement between Achilles
tendon insertion length measurements from US images with actual measurements after dissection. In addition, test-retest reliability was performed on six healthy subjects for tendon insertion length (IL), before calcaneal bone cross-sectional area (CSA) and tendon insertion angle
(IA). The reliability and validity of the measurements was analyzed with intra-class correlation
coefficient (ICC) and standard error of measurement (SEM).
Results. There were significant differences and poor to good agreement between US measurements and Anthropometric measurements. Using cadaveric tendons images, the measurements
agreement between the observers were good to excellent for IL, bone- to-insertion length
and width before calcaneal bone (ICC2,4=.784, .935, .952). Test-retest reliability was excellent for US measurements for tendon IL (ICC2,4=.977,SEM=0.53mm), bone to IL (ICC2,4=.96,
SEM=0.44mm), width before calcaneal bone (ICC2,4=.946, SEM=0.51mm), CSA (ICC2,4=.918,
SEM=5.93mm2), and IA (ICC2,4=.933, SEM=1.9°) on healthy tendons.
Conclusions. US imaging was found to be reliable and valid to determine IL, width, and CSA
of the Achilles tendon. The use of US imaging to determine Achilles tendon insertional size may
be beneficial for evaluating the structural changes on disease development and progression.
KEY WORDS
ultrasound imaging; achilles tendon; insertion; enthesitis; tendon footprint

BACKGROUND
The strongest tendon in the human body is the Achilles
tendon; nevertheless, it is often injured in active individuals
who participate in running and jumping sports (1,2). Clinical symptoms include a combination of local swelling and
pain with impaired performance (2). Achilles tendinopathy
can be distinguished into two types based on pain and swelling location, proximal mid-portion (2-6 cm proximal to
tendon insertion) and distal insertional (insertion to calcaneus). Insertional Achilles tendinopathy accounts for 20%
to 25% of reported Achilles tendon injuries (3–5). Differential diagnosis between Achilles tendinopathy (mid-portion or insertional) and other Achilles pathology like partial
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rupture, bursitis, and paratendionpathy can be made by
clinical examination and primary imaging modalities such
as ultrasound (US) and magnetic resonance imaging (MRI)
(6–8). Using US imaging has become popular in both clinical and research settings because it is easy to diagnose
superficial musculoskeletal injuries. US can also be used to
measure soft tissue structures and follow changes over time
due to treatment.
Insertional Achilles tendon pain has been reported to be due
to pathologies such as insertional tendinopathy, retrocalcaneal bursitis, superficial calcaneal bursitis, calcification, and
boney deformity (2). The variety of affected tissues (bone,
bursa, and tendon) might explain the recalcitrant nature
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of the injury and why treating it is considered a challenge.
It has been found that 24.6% of patients with insertional
Achilles tendinopathy responded to non-surgical treatment
compared to 45.5% of patients with midportion Achilles
tendinopathy (9). Also, the various tissues around the Achilles tendon insertion are subject to different type of stresses during walking, running, and jumping, whereas in the
midportion there is a more uniform stress of the tendon.
Altered loading at the insertion may damage and injure the
tissue and over time lead to structural changes such as formation of calcification and boney deformities at the insertional
point (10,11). Haglund’s deformity may cause impingement
that stresses the soft tissue at the posterior heel. One study
used X-ray to measure the change of boney deformity in
Haglund’s deformity (12). However, soft tissues cannot be
evaluated with X-ray. Although insertional Achilles tendinopathy has been evaluated with US imaging, no prior studies have measured and validated the structural geometry at
the insertion using US imaging (13). Having a valid and reliable method for measuring Achilles tendon insertion, may be
beneficial for understating the disease process and treatment
effectiveness for insertional Achilles tendinopathy.
US imaging is a safe, quick, and inexpensive method for
diagnosing tendon injuries (14,15). It has become the preferable modality for clinicians’ screening and a valuable tool
for researchers to compare and describe injured structures
(14,15). US imaging has been found to be reliable and valid
for evaluating Achilles tendon length, thickness, cross-sectional area, and the calcification length in patient with insertional Achilles tendinopathy (16–19). However, validated
and repeatable methods for evaluating the reliability of US
imaging to quantify the insertional Achilles tendon size have
yet to be established.
The primary purposes of this study were to 1) assess the reliability and validity, and procedural reliability of US imaging
for measuring the Achilles tendon insertion on the calcaneus,
and 2) determine measurement error and smallest detectable
change (SDC) values for these US imaging measurements.

MATERIALS AND METHODS
Our study consists of two parts, the first was to evaluate
the validity of the measurements on US imaging and the
second part of this study was to evaluate test-retest procedural reliability and measurement stability for these US
imaging measurements. Procedural reliability was defined
as the ability of examiners to consistently repeat the entire
US imaging process, including imaging acquisition and
measurements on the images.
Eight cadavers (16 tendons, age range between 70 to 85
years old, 3 males and 5 females) were used; all cadavers
Muscles, Ligaments and Tendons Journal 2019;9 (4)

were donated for medical education and research purposes, and prior consent was given by the donor and/or next
relatives. The US images from the cadavers were also used
to evaluate inter-rater reliability of the measurements from
the images. For the test-retest procedural reliability, two
assessments separated by 30 minutes were performed on six
healthy young subjects (12 tendons), with no recent injury
of Achilles tendon (age range 19 – 30, 3 male and 3 female).
Approval for this study was obtained from institutional review board at the University of Delaware. All healthy
participants received verbal and written information about
the study and consent was obtained. The article complies
with the ethical and scientific standards of Muscle, Ligaments and Tendons Journal (20).

Imaging of Achilles tendon insertions
In this study, all US images were obtained by using LOGIQ-e
US (GE Healthcare) system, and recorded using a wideband linear array probe (5.0 – 12.0 MHz) with B-mode at
10 MHz. The first author, who has more than 6 months of
experience with US imaging of Achilles tendon, and had
passed the reliability training of the research lab, collected
the US images from both cadavers and healthy subjects.
The position for both cadavers and healthy subjects was
prone with the ankle position for healthy subjects at resting
position and out of the table edge and for cadaver’s ankle
position was between 15° to 65° of plantarflexion. During
image acquisition from the cadavers, the US transducer
was covered in a disposable plastic sleeve, and the gain was
adjusted for each image to enhance quality. A gel pad was
used between the US probe and the heel to improve the visibility of the tendon insertion.
Image collection started by scanning the Achilles tendon
from musculotendon junction to the insertion. Then we
obtained four long-axis images of the Achilles tendon insertion to measure the insertion length and tendon angle. We
then identified the posterior-superior part of the calcaneus.
A piece of tape with 1 mm width was placed on the center of
the probe to generate shadow as an indicator on the image
(figure 1). The skin was marked with a pen just at the tape
site when the shadow was aligned with the posterior-superior part of the calcaneus. At this location, we obtained four
short-axis images of the tendon for measuring tendon width
and cross-section area. All US images were then transferred
to another computer for performing measurements, using
OsiriX Lite version 8.0.2 (https://www.osirix-viewer.com/
osirix/osirix-md/download-osirix-lite/).
The skin of healthy participants were cleaned between
measurements, and they were allowed to leave the lab and
came back after 30 minutes for the second test session.
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Measurements of ultrasound images

Collecting anthropometric measurements

For longitudinal axis images, Achilles tendon insertion
was divided into two distinct parts; insertion length and
bone-to-insertion length. We defined the insertion length as
the distance between proximal and distal attachment of the
Achilles tendon insertion, while bone-to-insertion length
was the distance between the superior edge of calcaneal
bone to the proximal tendon attachment (figure 1). Similarly, for transverse images, we defined the width of the tendon
as the distance between the medial to lateral tendon border
and was measured by straight line (figure 2).
Two additional US measurements, tendon angle and cross-sectional area, were performed on healthy subjects (figure 3).
The tendon angle was the angle between the upper part of the
posterior surface of calcaneus and proximal attachment of
tendon insertion. These measurements were not performed
on the cadavers due to the embalmment and inability to standardize the effect of ankle position on these measurements.
Using measurement tools on OsiriX Lite version 8.0.2 software, two observers measured all cadaver images independently to assess validity and inter-tester measurement
reliability. To minimize bias, both observers processed the
US images blindly by performing measurements on the
deidentified US images. For procedural reliability, the same
person who collected the images of the healthy subjects, also
performed the measurements but was blinded to information about subject and side for all images. The average of 4
measurements trials was used.

After three weeks from obtaining the US images, dissections of the Achilles tendons were performed on the cadavers by first author to minimize the risk of bias by limiting
the first author’s ability to remembering the measurements
values. The cadavers were placed in prone position with
the ankle as close to a neutral position as possible. Skin was
removed to expose the Achilles tendon; then, the fat pad
and other connective tissues around the tendon were carefully detached. A digital caliper (Mitutoyo) was used for
measuring the length and width of the insertional area in
millimeter and repeated four times. We initially measured
tendon width proximal to the calcaneal bone before detaching the tendon and measuring the length. Secondly, the
tendon insertion was detached carefully from insertion site
starting from the tendon edge distally removing the tendon
fibers from insertion. The edge of the proximal attachment

Figure 2. Short-axis US image of Achilles tendon at proximal
to calcaneal bone; the white line represented the width and
dash line cross-sectional area. The white arrow represented
the tape shadow.

Figure 1. Long-axis US image of Achilles tendon insertion for
a cadaver. The black arrow represented the tape shadow, the
white arrow represented postero-superior part of the calcaneus, the white head arrow represented proximal attachment;
the black head arrow represented distal attachment; the
white solid line represented insertion length; and the white
dots line represented bone-to-insertion length.
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Figure 3. Long axis US image of Achilles tendon insertion for
a healthy individual. The white two arrows represented the
angle of tendon insertion.
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became detectable on the calcaneal bone and when the
tendon was reflected (figure 4). The tendon foot print on
the calcaneal bone was used only to measure the bone-to-insertion length by using the caliper to measure between the
calcaneal edge and the proximal attachment. For insertion
length, the tendon was reflected and flattened while taken
the measurements. Insertion length was measured from the
detectable edge of proximal attachment to distal border
of tendon insertion (figure 4). Finally, four trials of each
measurement were averaged and used for analysis.

ability, values between 0.5 and 0.75 indicated moderate reliability, and value less than 0.5 was poor reliability (21).
Test-retest reliability and standard error of measurement
(SEM) was calculated according to the following equation:
SEM=SD√(1-r) where SD is the standard deviation of the
baseline measurement and r is the index of reliability (22).
We also calculated the smallest detectable change (SDC95%)
for an individual, SDC95%= 2.77x SEM, and for the group
level, SDC95%=2.77 x SEM/. For all inferential testing the
level of significance was set at p<0.05.

STATISTICAL ANALYSIS

RESULTS

All statistical analyses were performed using SPSS statistical
package version 24 (SPSS Inc, Chicago, IL). A paired t-test
was used for testing the differences between the US imaging
and cadaveric measurements. ICC estimates and their 95%
confidence intervals were calculated based on a mean-rating
(k = 4), model 3 for procedural reliability, and model 2 for
measurement reliability. For reliability, ICC values were interpreted as follows; value greater than 0.9 represented excellent
reliability, values between 0.75 and 0.9 represented good reli-

Validity
Agreement between US images and cadaveric
measurements
There was good agreement between US and cadaver
measurements for bone-to-insertion length (ICC2,4 =0.856)
and tendon width before calcaneal bone (ICC2,4 = 0.840), and
poor agreement for insertion length (ICC2,4 = 0.413) (table

Figure 4. A, B and C lines represent calcaneal edge, proximal attachment cutting, and centerline, black arrow represented
tendon width at calcaneal bone edge, black dots arrow represented bone-to-insertion length, white arrow represented insertion length.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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I). There were no significant differences between insertion
length on US images and cadaveric measurements (p>0.05);
however, there were significantly lower mean differences of
cadaveric measurements for bone-to-insertion and tendon
width before calcaneal bone (p<0.05) (table I).

Reliability
Inter-tester reliability of taking the measurements
We found that the agreement between observer 1 and 2 was
good to excellent for insertion length ICC2,4 = 0.784 with
95% confident interval =0.404 - 0.924, bone-to-insertion
length ICC2,4 = 0.935 with 95% confident interval =0.820
- 0.977, and tendon width before calcaneal bone ICC2,4 =
0.952 with 95% confident interval = 0.627 - 0.987.
Procedural Reliability - Test-retest reliability
For the 6 healthies, (12 tendons, mean and standard deviation of age 25 (5.6), height 167 cm (6.7) and weight 71.89
kg (17.75)). There were no significant differences in all
measurements on US images between baseline and after 30
min (p>0.05). All measurements had excellent ICCs (0.9180.977) (table II). The standard error of measurement and
smallest detectable change at the individual and the group
level are listed in (table II).

DISCUSSION
This study was conducted to establish the reliability and the
validity of US imaging for quantifying the Achilles tendon
insertion area (insertion length, bone-to-insertion length,
tendon width before calcaneal bone level, tendon angle and
tendon cross-sectional area). The main findings suggest that
using US imaging for measuring the Achilles tendon insertion length, bone-to-insertion, tendon angle, and tendon
width and cross-sectional area at the level of before calcaneal bone are valid and reliable. While the intra-tester and
procedural reliability was excellent for all measurements, the
inter-tester reliability of measurements was good for insertional length, and excellent for other measurements. The
validity of insertional length was found to be poor, but good
for bone-to-insertion length and width before insertion.

VALIDITY
In this study, we evaluated the validity by using cadavers
as our gold standard. Prior studies have used the cadavers
agreement method for Achilles and patellar tendons length
measurements as references and reported high level of
agreement (16,23). Our results suggest that two measurements; bone-to-insertion length and width before insertion,
have good validity. While one measurement (insertional

Table I. Results of validity.
Measurements location

US observer 1
Mean (SD)
n=16

Cadaveric
Mean (SD)
n=16

ICC2,4

(95% CI)

Comparison
P value

Insertion length (mm)

15.56 (1.77)

16.27 (1.51)*

.413

(-.609 , .797)

0.200

Bone-to-Insertion length (mm)

11.97 (2.34)

Before calcaneal bone width (mm)

20.59 (2.6)

11.18 (2.04)

.856

(.561 , .951)

0.045

18.99 (2.78)

.840

(.100 , .956)

0.001

* n =15

Table II. Results of test-retest reliability.
Measurements location

Test baseline
Mean (SD)
n=12

<30 min retest
Mean (SD)
n=12

SEM

Insertion length (mm)

12.95 (3.49)

13.39 (3.33)

0.529

Bone-to-Insertion length (mm)

9.34 (2.21)

9.06 (2.40)

Before calcaneal bone width
(mm)

17.75 (2.18)

17.42 (2.21)

Before calcaneal bone CSA
(mm2)

74.21 (20.69)

Tendon insertion angle
(degree)

15.33 (7.46)

ICC3,4 (95% CI)

SDC95%

SDC95%

Individual

group

.977 (.92 , .993)

1.46

0.42

0.442

.960 (.866 , .988)

1.22

0.35

0.508

.946 (.822 , .984)

1.41

0.41

73.35 (17.53)*

5.925

.918 (.674 , .98)

16.41

4.74

14.62 (6.58)

1.930

.933 (.771 , .98)

5.35

1.54

* n =10
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length) had poor validity, this might be due to some difficulties related to dissecting tendons from the cadavers. One
explanation for poor value is the presence of calcification
at distal insertion in some cadavers. Although we were able
to measure Achilles tendon insertion with bony deformity
distally on US images, it was difficult to perform measurements on some cadavers when the calcified tendon was hard
to dissect. For this reason, one tendon was destroyed and
had to be excluded from the statistical analysis. Also, it is
a possible to include part of the connective tissue when
dissecting the tendon from its insertion at distal end. In
addition, a difficulty with using embalmed cadavers was that
the stiffness of the ankle joint resulted in inability to standardize the ankle angle.
In this study the ankle position of cadaveric specimens varied
from 15-65 degrees of plantar flexion. Our study showed
that tendon width and bone-to-insertion length of actual
measurements were consistently smaller than US measurements. This might be due to a dehydration effect of tissue as
there was about six weeks between obtaining the images and
performing the direct measurement. The effect of dehydration has previously been reported with alteration of biomechanical properties of cadaver tendon before and after two
hours of exposure to room condition (23). It is possible these
changes affected the anthropometric measurements and led
to poor agreement with US measurements.
Two additional measurements cross-sectional area and angle
were evaluated for inter-tester reliability but not for validity.
The nature of these two measurements make having such
measurement tool to measure them on cadaver is not feasible. However, simple and advanced geometry measurements
(e.g. angle and area) can be easily done through advanced
imaging software (OsiriX) on US images.

Measurement Reliability - inter-tester reliability
Two observers (NA, KGS) performed the measurements on
the ultrasound images in a random order and autonomously
to minimize bias. Although the first observer was the same
person who did the cadaver measurement and obtained the
images, the US measurements was performed blindly and
after several weeks from measuring the actual insertion
tendon area. The results above suggest that there is good to
excellent agreement between observers, which supports the
inter-tester reliability.

Procedural Reliability – test-retest reliability
Our study is the first that measured Achilles tendon
cross-sectional area and width at insertion using bony landmark as a reference. Prior studies measured cross-sectional
Muscles, Ligaments and Tendons Journal 2019;9 (4)

area and coronal diameter of the Achilles tendon at the level
of medial malleolus or different distances from the calcaneal
insertion (25, 26). The reproducibility of tendon CSA and
tendon width was reported in previous studies but in different statistical method such as inter class correlation and
coefficient of variance (CV); however, the reported values
as follow: tendon CSA as ICC= .92 (27), tendon CSA with
7% CV and tendon width with 4% CV (28); and tendon
CSA with ICC= 0.81 (25). Taking two measurements (width
and area) at consistent location may help to explain the
tendon formation at insertion level. As noted in prior studies tendon width and cross-section area become larger (oval
shape) distally than at mid-portion proximally (26). Further
research is needed to evaluate the measurements in different
joint angles.
Knowing the true difference of each measurement is useful
to distinguish error from true change; thus, the smallest
detectable change values of each measurement was reported (table II). Very few studies reported SDC for Achilles
tendon CSA. Our SDC95% group of CSA was 4.74 mm2
comparing with 1 mm2 for CSA of free tendon (29), while
other study reported 15 mm2 when CSA obtained at the
level of medial malleolus (25). To our knowledge, no other
studies have investigated the angle and insertion length.
Future studies should use these measurements to investigate
the Achilles tendon insertion disorders development and
prognosis with or without receiving surgical or non-surgical
treatments around the Achilles tendon insertional structures.

LIMITATIONS
Our main study limitation was that some measurements were
performed on healthy individuals. The purpose of that was
to evaluate the stability of measurements on healthy people
before testing it on patients with Achilles tendon insertion
disorders. Also, because the cadavers were part of the anatomy class and the course instructor must follow the syllabus
for educational purposes, we were not allowed to dissect
the cadavers immediately after obtaining the US images; therefore, the considerable time gap between obtaining US image and dissecting Achilles tendon was unavoidable. Our dissection method may not be the ideal approach
to get the real measurements precisely, but we followed a
consistent technique for the most measurements to avoid
any error throughout collecting the actual measurement.
MRI is considered the gold standard for measuring anatomical structures and with it would be possible to compare the
angle and cross-sectional area that were not possible to have
a tool to measure it directly from the cadavers. It may be the
insertional measurements change with changing the ankle
joint ankle. More research is needed to establish the rela549
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tionship of changing of ankle joint angle with the insertional
Achille tendon length measurements.

CLINICAL IMPLICATION
US imaging was found to be reliable and valid to determine
Achilles tendon footprint length and tendon width. The use
of this US imaging technique to determine Achilles tendon
insertional size may be beneficial for evaluating the effect of
structure on disease development and progression.
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SUMMARY
Introduction. Achilles tendinopathy is one of the most common overuse injuries of the foot and
ankle in the active population. Many studies have shown radial sound wave therapy (RSW) or
extra-corporeal shockwave therapy (ESWT) to be a safe and effective conservative treatment
options when used independently.
Methods. In this prospective study, we examined the outcomes of treatment on Achilles tendinopathy combining these two modalities. We hypothesize improved results with the combination therapy and compare this with previous studies. The current study observes a cohort of 24 patients, who
received the both treatments with mean age of 47.2±12.8 years at the time of study. Each patient
received three treatments initially and then subsequent treatments at 6 and/or 12 week follow up.
Results. Pre-treatment VAS score was 6.3±1.3 and RM score was 3.5±0.5. Ultimately, these were
reduced to 1.2±1.6 (P=0.00001) and 1.6±0.9 (P=0.00001) respectively at 17±4.5 month follow-up.
Patients with paratendinosis had better outcomes than insertional Achilles pathology.
Conclusions. Our results show a significant improvement in outcome measures in patients treated
with ESWT and RSW, as compared to other studies. We conclude that the dual treatment method
is a safe and improved method of treatment for Achilles tendinopathy compared to isolated use
of ESWT or RSW.
KEY WORDS
Achilles; radial soundwave; extra-corporeal; shockwave

INTRODUCTION
Achilles tendinopathy has been reported as the most
common overuse injury in sports medicine clinics (1).
Standard conservative treatments include eccentric loading, stretching, heel lifts, avoidance of painful activities,
and non-steroidal anti-inflammatory drugs. Several studies
have demonstrated that eccentric training can be effective
for insertional and non-insertional Achilles tendinopathy
(2-6). However, conservative management is inadequate in
many patients with Achilles tendinopathy. Damage to the
Achilles tendon usually results from chronic overuse. It is
the result of accumulative impact loading and repetitive
microtrauma to the tendon (1). Interestingly, inflammatory
changes are present, however, inflammatory mediators are
absent, making the term Achilles tendinitis a misnomer (7).
Tendinopathy is more of a generic term used to encompass
intrinsic and/or extrinsic damage to the tendon or paratenon from the watershed region (“mainbody” or mid-portion)
to its insertion. From an anatomic standpoint, tendinopa552

thy describes fraying of the tendon due to a failed healing
response of the extracellular matrix (8, 9).
The treatment of tendinopathies with radial soundwave
(RSW) and extra-corporeal shockwave (ESWT), collectively
termed soundwave (SW) has emerged as an alternative option
if non-surgical treatment fails prior to surgical interventions.
Foot pathologies such as Achilles tendinopathy or plantar
fasciitis are widely established to have shock wave indications. Basic science studies show that SW increases blood
flow to the treatment site and induce an inflammatory-mediated healing process. Local anesthesia may alter the inflammatory response and angiogenesis of which SW promotes
and is therefore contra-indicated (10). The methodology of
SW administration for patients with Achilles tendinopathy
has varied significantly in previous studies, making it difficult
to determine its effectiveness. In fact, most high-level studies only involved RSW and not ESWT. The purpose of the
current study is to prospectively evaluate combined ESWT
and RSW treatment for Achilles tendinopathy. The results
will be compared to other prior studies.
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METHODS
35 Patients with Achilles tendinopathy average age
48.7±13.4 years, were treated from June 2016 through July
2017 with both focused ESWT (Storz Duolith, Storz Medical AG, Tägerwilen, CH) and radial soundwave (Orthopulse, Storz Medical AG, Tägerwilen, CH). IRB approval
was obtained. The symptomatic region was treated with
ESWT at 0.15mJ/ mm², 6 Hz and with RSW 2.4 Bar, 13
Hz, both for 2500 pulses, three times at weekly intervals.
If patients’ VAS score was “4” or more at 12 weeks, an
additional treatment was rendered. Patients were advised
to avoidance excessive stretching and eccentrics beyond
neutral (11). They were advised to use heel cushions if they
felt better with heel elevation. They were required to avoid
both NSAIDs and an increase of activity level during the
three-week treatment period.
Inclusion criteria were the ability to document Pre- &
post-treatment VAS and R&M scores at appropriate
intervals, (three months post-treatment and at follow-up,
which was generally one year or more post-treatment).
Diagnosis of Achilles tendinopathy (insertional, paratendinosis and tendinosis) was confirmed by an experienced
clinician. Scores were confirmed by a Fellow and entered
into the patients’ medical records for subsequent review.
A different Fellow performed a follow-up phone call and
email at a year or later. Exclusion criteria were the inability to have VAS and scores available. Patients were also
excluded if they were unable to complete the treatment
recommendations of avoidance of NSAIDs, aggressive
stretching, dramatic change in activity level. The “dropouts” who underwent surgery by the senior author were
also assessed.

RESULTS
35 patients received treatment on 38 Achilles tendons
during the study period. There were 23 males and 12
females. Pre-treatment VAS score was 6.3±1.3 and RM
3.5±0.5. The average number of treatments for the entire
cohort was 3.6±0.6. 12-week VAS score was reduced to
3.1±1.8(P=.00001). RM score improved at 12 weeks to
2.4±1.1(P=.00001). During this timeframe, seven patients
treated with the combined therapy elected to undergo
surgery. Seven additional patients were unresponsive to the
Fellow’s contact attempts.
The 24 patients (20 males and 11 females) who had followup at an average of 17±4.5 months post-treatment, had
an average age of 47.2±12.8 years. The VAS score further
reduced in this cohort of 24 patients to 1.2±1.6 (P=.00001)
and the RM score as well, 1.6±0.9 (P=.00001). In this
cohort, twelve patients had a VAS of “0” and 14 had a RM
Muscles, Ligaments and Tendons Journal 2019;9 (4)

of “1”. Therefore at least 50% had complete pain relief and
full return to activity.
There was no difference in scores during any time period of
the study between males and females. Patients with paratendinosis had significantly better 12 month or more months
scores than those with insertional pathology. There were no
other significant differences as to the anatomic location of
patients’ tendinopathy and outcome measures.
The subset of six patients who underwent surgery by
the same clinician had an average of 3.5±0.8 treatments.
Their average age was 51.7±13.0 years. Their post-operative VAS and RM scores significantly improved as well at
their current post-operative status recorded at an average 16.5±5.9 months, P=.008 and .006, respectively. The
surgical patients’ 12 week post-soundwave treatment VAS
and RM scores had not significantly improved from baseline, P=.20 and .36, respectively. One of these patients with
fibromyalgia is currently six months post-surgery with a
VAS score of 4, is able to bicycle 30 minutes and is currently
receiving additional ESWT treatments. The other five surgical patients had three with a “0” and two with a “1” with
their VAS and four had “1” with the RM, post-operatively.

DISCUSSION
The current study showed excellent effectiveness of combining focused ESWT and RSW. The fact that over 50% of
the cohort followed over 17 months had zero pain on the
VAS and full activity on the RM score for a typically chronic
condition is very encouraging. Most studies on SW don’t go
beyond 3-12 months of assessment. Our study’s main weakness is that there was no control or placebo group. This is
typical of unfunded studies.
Comparing the effectiveness of other studies can be difficult
as there are variable protocols, end points and technologies.
In fact, most prior studies only involved RSW. For plantar
fasciitis, ESWT has shown to be more effective than RSW
(12). We reviewed several studies on SW for Achilles tendinopathy (table I A-D); seven previous studies (13, 14, 15,
16, 17, 18, 19) showed significant improvement in patients
with Achilles tendinopathy treated with RSW. Five of those
seven studies (13, 14, 15, 16, 19) had control groups that did
not receive shockwave treatment. The shockwave intervention group had significant improvement compared to the
control group in all five of these studies, three of which had
a level of clinical evidence of “1” (14, 15, 16).
Two of the nine previous studies (20, 21) analyzed in table I
A-D failed to show significant improvements in the shockwave intervention group versus control groups that did not
receive shockwave. Both of these studies had a level of clinical evidence “1”. The first of these two studies, Costa et
553
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Table I A. Shockwave Treatment for Achilles Tendinopathy.

Author of
Study

Level of
# of
Clinical
Patients
Significance

Average Age of
Patients (years)
[C=Control,
I=Shockwave
Intervention]

Type of
Shockwave
Used
Shockwave
[FSWT =
Device(s)
Focused Shock
Wave, RSW =
Radial Shock
Wave]

Shockwave
# of
Shockwave
Impulses per Frequency
treatment

Significant
Improvement
with
Shockwave
Treatment?
(Detailed
Results in
table 1D)

Costa 2005

1

49

C = 47.7 ± 13.5
I = 58.7 ± 10.8

ESWT

Storz Modulith
SLK

1500

Not
Mentioned

No

Furia 2006

3

68

C = 52.6 ± 15.9
I = 50 ± 9.2

ESWT

Dornier Epos
Lithotripter

3000

1 Hz – 4 Hz

Yes

Rasmussen
2008

1

48

C = 46 ± 13
I = 49 ± 9

RSW

Piezoson 100

2000

50 Hz

Yes

Rompe 2008

1

50

C = 39.2 ± 10.7
I = 40.4 ± 11.3

RSW

EMS Swiss
Dolor-Clast

2000

8 Hz

Yes

Rompe 2009

1

68

C = 46.2 ± 10.2
I = 53.1 ± 9.6

RSW

EMS Swiss
Dolor-Clast

2000

8 Hz

Yes

Saxena 2011

2

60

I = 48.32 ± 12.94

RSW

Storz D-Actor
200

2500

11-13 Hz

Yes

3

67

I (Non-Deformity) = 37.6
± 9.2
I (with Haglund’s
Deformity) = 35.8 ± 7.4

RSW

EMS Swiss Dolor- 2000
Clast

8 Hz

Yes

Gerdesmeyer
2017

3

53

C = 45.0 ± 8.5
I = 43.6 ± 9.4

EMTT

Cellactor MT1

3600

3 Hz

Yes

Vahdatpour
2018

1

43

C = 54.3 ± 12.4
I = 54.9 ± 11.3

ESWT and
RSW

“Standard
Electromagnetic
Shockwave
Device”

1500
(ESWT)
3000
(RSW)

2.3 Hz
(ESWT)
2.21 Hz
(RSW)

No

Current
Study

3

38

I = 48.7 ± 13.4

ESWT and
RSW

Storz Duolith
(FSWT)
Orthopulse
(RSW)

2500
(ESWT)
2500
(RSW)

6Hz
(ESWT)

Yes

Wu 2016

(estimated)

(Electromagnetic
Transduction Therapy)

al. (20) conducted a double-blind randomized placebo-controlled trial which concluded that there was no significant
evidence for use of shockwave therapy for chronic Achilles tendon pain (three of their patients had pain at Achilles insertion while the remaining 46 pts were diagnosed
with mid-portion Achilles tendinosis). However, we found
multiple differences in the methodology of this study when
comparing it to the other eight studies.
The first of the differences in methodology for the Costa et
al. study (20) was the average age of the control vs. shockwave intervention group. The control group was 47.7 ± 13.5
years old while the shockwave intervention group was 58.7
± 10.8 years old (specifically stated in table I of Costa et
al.). This age difference of an average of 11 years between
groups may have affected healing rates. Another difference between this study and the others was the number of
554

13 Hz (RSW)

shockwave impulses per treatment. Costa et al. used 1500
impulses while every other study used a minimum of 2000
impulses. Additionally, shockwave treatments had monthly
intervals, while seven of the other eight studies had treatment intervals of one week or less (the other, Furia et al.,
only gave patients one treatment of high-impulse ESWT).
Costa et al was also the only study not to state the shockwave impulse frequency. Differences in shockwave number
of impulses and frequency as well as time interval between
treatments in comparison to other studies may have yielded less significant outcomes regarding improvement in the
shockwave intervention group. Additionally, the study did
not state specific instructions to patients regarding avoidance of painful activity and NSAID use.
The primary endpoint of Costa 2005 was VAS pain with
walking. The baseline values for the shockwave intervenMuscles, Ligaments and Tendons Journal 2019;9 (4)
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Table I B. Shockwave Treatment for Achilles Tendinopathy.
Author of
Study

Shockwave
Energy/Area
or Pressure
(if only
shockwave
pressure is
stated)

# of
Shockwave
Treatments

Shockwave
Treatment
Interval Time

Local
Anesthesia
Used?

NSAIDs Allowed? Patients
Advised
Against
Painful
Activity
During
Treatment?

Shockwave
and Control
Groups
Advised to
Preform
Adjuvant
Eccentric
Exercise?

Significant
Improvement
with
Shockwave
Treatment?
(Detailed
Results in
table 1D)

Costa 2005

0.2 mJ/mm2

3

Monthly

No

Not Stated

Not Stated

Not Stated

No

Furia 2006

0.21 mJ/mm2

1

N/A

Yes* (see
Not Stated
“Additional
Info”
column)

Not Stated

Not Stated

Yes

Rasmussen
2008

0.12 - 0.51
mJ/mm2

4

Weekly

No

Not Stated

Not Stated

Yes

Yes

Rompe 2008

0.12 mJ/mm2

3

Weekly

No

NSAID use was
discouraged.
How-ever,
NSAIDs were
allowed “If
necessary”

Yes

No
(However,
control
group was
advised to)

Yes

Rompe 2009

3 Bar

3

Weekly

No

Not Stated

Yes

Yes

Yes

Saxena 2011

2.4 Bar

3

Weekly (7 ±
3 days)

No

No (not allowed
until 12 weeks
post-treatment)

Not Stated

No

Yes

Wu 2016

0.12 mJ/mm2

5

Weekly

No

Not Stated

Not Stated

Not Stated

Yes

Saxena 2017

N/A

8

Total of 8
No
Sessions in 4
Weeks

No

Pts were
told “Not
to change
activity
levels”

No

Yes

Vahdatpour
2018

0.25 - 0.4
mJ/mm2

4

Weekly

Not Stated

Not Stated

Not Stated

Yes

No

Current
Study

0.15mJ/mm2
(FSWT)
2.4 Bar
(RSW)

3.6 ± 0.6

Weekly

No

No

Yes

Yes

Yes

tion group and control group were matched. The results
showed that the shockwave group improved 15.8 points (on
a 100 point scale) more than the control group at one month
post-treatment follow up. This difference was not considered
significant. However, the author acknowledged “The possibility for Type 2 error (ie, the sample size was too small to
detect a meaningful treatment effect).” Two of the secondary
endpoints were VAS pain at rest and VAS pain with sporting
activity. The VAS for pain at rest at one month post shockwave treatment follow up showed a difference of 7.8 in favor
of the shockwave group, which was not considered signifiMuscles, Ligaments and Tendons Journal 2019;9 (4)

cant. However, the average VAS for pain at rest at baseline
in the shockwave group was 11.4 points higher compared
to the control. Therefore, the improvement in the shockwave intervention group would have been an average of 19.2
better than that of the control group, which may have been
considered a significant result if comparison of improvement
was measured as opposed to simple endpoint difference. A
similar, but less extreme issue was seen with VAS pain with
sporting activity when baseline values were analyzed.
As previously mentioned, seven of the nine prior studies
showed significant improvement in patients with Achilles
555
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Table I C. Shockwave Treatment for Achilles Tendinopathy.
Author of
Study

Advised
Against
Excessive
Stretching?

Follow-Up (for
Primary
Primary Endpoints) Endpoint(s)
[Time after
Completion
of Shockwave
Treatment(s)]

Secondary
Endpoint(s)

Significant Side Effects

Significant
Improvement
with Shockwave
Treatment?
(Detailed Results
in table I D)

Costa 2005

Not Stated

1 month

VAS score
for pain on
walking

VAS pain at rest
and VAS with
sporting activity,
FIL, Eqol, ankle
ROM, calf
circumference,
Achilles tendon
diameter

2 Achilles tendon
ruptures (see
“Additional
Information”
column)

No

Furia 2006

Not Stated

1 month
3 months
12 months

VAS and RM
Scores

N/A

None (one pt had
transient numbness
that resolved within
24 hours posttreatment)

Yes

Rasmussen
2008

No

4 weeks
8 weeks
12 weeks

AOFAS Score

VAS Score

None

Yes

Rompe 2008

Yes

1 month

VISA-A

General assessment
(using 6-point
Likert scale) and
pain assessment

None

Yes

Rompe 2009

Not Stated

1 month

VISA-A

General assessment
(using 6-point
Likert scale) and
Load-Induced Pain
(NRS)

None

Yes

Saxena 2011

Not
Specifically
Stated (“Pts
were allowed
to stretch
gastrocs”)

12 months or
more

RM Score

N/A

None

Yes

Wu 2016

Not Stated

14.5 (7.2)
VISA-A Score
months for
and 6-Point
Non-Deformity
Likert Scale
Group,
15.3 (6.7) months
for Haglund’s
Deformity group

N/A

None

Yes

Gerdesmeyer Yes
2017

12 weeks

VAS Score

RM Score

None

Yes

Vahdatpour
2018

No

Immediately post
treatment
4 weeks
16 weeks

VAS Score and N/A
AOFAS

None

No

Current
Study

Yes

12 weeks
12+ months

VAS and RM
Scores

None

Yes
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tendinopathy treated with shockwave therapy. Furia et al
(13) was a unique study in a multiple ways. Instead of having
multiple shockwave treatments (like all other eight studies),
this study only gave patients one treatment of high-impulse
focused shockwave therapy (ESWT), with 3000 impulses
(the highest for ESWT among the three studies in 1A-D
that used ESWT). This appears to be an effective method of
application of ESWT on Achilles tendinopathy, as the mean
VAS and RM scores for the shockwave treatment group
were significantly improved at one, three, and 12 months
after treatment compared to the control group.
Another unique characteristic of the Furia et al study is that,
of the 35 patients in the shockwave group, 12 patients had
local anesthetic (LA) and the other 23 had non-local anesthetic (NLA). The non-local anesthesia was described by the
author as an “Anesthesia other than local.” Results showed
that improvement in VAS scores for the LA subgroup was
significantly less than improvement in the NLA subgroup.
This indicates that anesthetic decreases the effectiveness of
shockwave treatment. However, the sample size used with
the two subgroups was too small for statistical analyses.
Furia et al also had a small subset of the intervention group
(three patients) in a brief immobilization boot (three-tosix days). This group had an even better outcome than the
shockwave-non-immobilized group. Although this sample
size was too small for any significant analysis, it is potentially
useful information in directing a future study of to compare
the effectiveness of shockwave treatment with brief immobilization following treatment to shockwave treatment without any period of immobilization. It could be these patients
had partial tears/avulsions. A weakness of the Furia et
al study was that it did not state instructions for patients
during the treatment period such as NSAID use, advising
against painful activity, etc.
Rasmussen et al (14) conducted a level-1 evidence study
using RSW. This study compared improvements in a control
group, which received standard conservative treatment for
Achilles tendinopathy consisting of eccentric training and
stretching exercises, to a shockwave intervention group that
also received the same conservative treatment. The results
showed that the primary endpoint, AOFAS score, increased
more over time in the shockwave intervention group than
in the control group. AOFAS scores were recorded at baseline, four weeks post-treatment completion, eight weeks
post-treatment completion, and 12 weeks post-treatment
completion. Improvements at eight and 12-week follow-up
were significantly greater in shockwave intervention group
than control. Although AOFAS scores were improved at
four-week follow up more in the shockwave group than the
control, these results at this time were not significant. This
provides another explanation for why results in Costa et al
Muscles, Ligaments and Tendons Journal 2019;9 (4)

may not have been significant, as they only measured their
primary endpoint at one-month post-treatment completion.
The only unique characteristic regarding Rasmussen et al
compared to the other 8 previous studies was that they used
a much higher shockwave frequency, 50 Hz. It is unclear if
this had any effect on the outcome.
Two level-1 clinical evidence studies were conducted by
Rompe et al in 2008 (15) and 2009 (16). The 2008 study
examined the effectiveness of extracorporeal shockwave
therapy versus eccentric loading in patients with chronic
insertional Achilles tendinopathy. The study compared a
control group that received eccentric training, which is a
standard conservative care treatment for Achilles tendinopathy, to a shockwave intervention group (all patients in both
groups had been diagnosed with chronic insertional Achilles
tendinopathy). The shockwave group was discouraged from
any adjuvant treatment, such as eccentric exercise, excessive stretching, etc. Shockwave group patients were allowed
to take NSAIDs if necessary, however this was discouraged.
Patients in both groups were advised against painful activity.
RSW was administered in three treatments at weekly intervals without local anesthetic. Primary endpoint was VISA-A
scores at follow up one month post-treatment completion.
For all outcome measures, the shockwave therapy group
showed significantly more favorable results than the group
treated with eccentric loading alone.
Rompe et al 2009 examined the effectiveness of extracorporeal shockwave therapy plus eccentric loading versus eccentric loading alone in patients with chronic non-insertional (“Mid-portion”) Achilles tendinopathy. Aside from the
differences in assignment of eccentric exercise amongst the
groups, the methodology was very similar to that of Rompe
et al’s 2008 study. The results showed that the shockwave
plus eccentric loading had significantly better outcomes on
VISA-A, Likert scale, and NRS when compared to the group
treated with eccentric loading alone at 1 month post-shockwave treatment completion.
Saxena et al. 2011 (17) conducted a cohort study using RSW
(“EPAT”) as an isolated treatment for Achilles tendinopathy.
Although there was no control group, the patients had all
been diagnosed with chronic Achilles tendinopathy, meaning they had the condition for at least three months, and
usually six-plus months and did not improve with conservative treatment during that time period. Patients in this
study received RSW with 2500 impulses per treatment for
three treatments at weekly intervals without local anesthetic,
making the treatment administration similar to Rompe et al
2008 and Rompe et al 2009. NSAIDs were not allowed until
a minimum of 12 weeks post-treatment completion. The
primary endpoint was RM score at 12+ months post-treatment completion, which were compared to patients’ RM
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Table I D. Shockwave Treatment for Achilles Tendinopathy.
Author of Study Additional Information

Results

Costa 2005

For the 2 Achilles ruptures in the
shockwave treatment group, it appears
as though no instructions were given
to pts regarding avoidance of painful
activity, avoidance of excess stretching,
etc. Also, pts in shockwave treatment
group averaged 11 years older than
control group. These 2 pts were 65 and
62 y/o. Ruptures occurred within the
first 2 weeks of treatment in both pts.

Neither the VAS scores for pain at rest or during sport participation
showed a significant difference between groups.

Furia 2006

Of the 35 pts in the shockwave group,
12 pts had local anesthetic (LA) and
the other 23 had non-local anesthetic
(NLA).

The mean VAS and RM scores for the shockwave treatment group were
significantly improved at 1, 3, and 12 months after treatment compared
to control group.
In addition, improvement in VAS scores for LA sub-group was
significantly less than improvement in the NLA sub-group. This indicates
that local anesthetic decreases the effectiveness of shockwave treatment.

Rasmussen 2008 AOFAS scores improved at 4 week
follow-up, but were not significant.
Improvements at 8 and 12 week followups were significant (p=0.01 at 8wks
and p=0.04 at 12wks)

AOFAS score after treatment increased more over time in the
shockwave-intervention group than in the control group (p = 0.05)

Rompe 2008
---

For all outcome measures, the shockwave therapy group showed
significantly more favorable results than the group treated with eccentric
loading alone.

---

Shockwave plus eccentric loading had significantly better outcomes on
VISA-A, Likert scale, and NRS at 1 month post-shockwave-treatment
completion than eccentric loading alone

Rompe 2009

Saxena 2011
---

Pts receiving shockwave therapy showed a significant improvement in
RM scores

Wu 2016

There was no control group that
was not treated with shockwave.
Rather, there were two intervention
groups, one with Haglund’s deformity
accompanying Achilles tendinopathy
and another without the deformity
accompanying Achilles tendinopathy.

Outcomes with regard to VISA-A score and 6-point Likert scale
achieved significant improvements in both the deformity (Haglund’s)
and non-deformity groups compared to baseline. However, there
was a significantly greater improvement in VISA-A scores for the
non-deformity group compared to the deformity group.

Gerdesmeyer
2017

All pts (both in control and EMTT
Shockwave groups) were instructed to
use heel-pads with 1cm heel cushion.

Both the control group (heel-cushion only treatment) and the
shockwave-intervention group (EMTT shockwave plus heelcushion) had significant improvements in both VAS and RM scores.
The difference between the groups was significantly in favor of the
shockwave-intervention group for VAS. RM scores were also improved
more in the shockwave intervention group compared to control, but this
was not statistically significant.

Vahdatpour
2018

---

Current Study
---
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Author: “Our findings indicated that ESWT has improving effects both
on pain and AOFAS score of patients, but due to small sample size, the
results were not statistically significant.”
There was a significant improvement in VAS and RM scores in patients
treated with combined FSWT and RSW.
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scores at baseline. The results showed that patients receiving shockwave therapy had a significant improvement in
RM scores. Both males and females had an average baseline
RM score of 3.3. However, after shockwave intervention,
males improved to an average RM of 1.55 while females
improved to an average of 1.83. This was not considered
statistically significant, given the sample size. Interestingly,
in Vahdatpour et al’s 2018 study, 35 of the subjects were
female compared to only 8 males. We did not see any significant differences in our current study as well. It is advisable
that future studies analyze the outcome measures of ESWT
on males versus females. This could potentially lead to a
better understanding of hormonal influence on the healing
response induced by ESWT.
Wu et al. (18) compared the effectiveness of extracorporeal shockwave therapy in a group diagnosed with insertional
Achilles tendinopathy accompanied by Haglund’s deformity versus another group diagnosed with insertional Achilles
tendinopathy without the deformity. Haglund’s deformity is
defined as complex of symptoms involving a superolateral
calcaneal prominence, retrocalcaneal bursitis, and superficial adventitious bursitis (18). Sundararajan and Wilde 2014
conducted a study exhibiting that Haglund’s deformity was
present in 25% of patients with insertional Achilles tendinopathy (18). There was no control group. RSW was administered during five treatments of 2000 impulses each with
weekly intervals and without local anesthetic. This method of treatment was similar to that of the shockwave intervention groups in both studies by Rompe et al and Saxena
et al 2011, but with two additional RSW treatments. The
primary endpoints were VISA-A score and 6-point Likert
scale. Both primary endpoint measures achieved significant improvements in both the deformity (Haglund’s) and
non-deformity groups compared to baseline. However,
there was a significantly greater improvement in VISA-A
scores for the non-deformity group compared to the deformity group. A disadvantage of this study was that adjuvant
treatment such as eccentric exercise, NSAIDs, and avoidance of painful activity were not stated.
Gerdesmeyer et al 2017 (19) conducted a study using Electromagnetic Transduction Therapy (EMTT, Cellactor1®,
Storz Medical AG, Tägerwilen, CH), which has a very similar mechanistic theory to that of ESWT (8). This study
compared improvement in VAS and RM scores from baseline in two groups of patients with Achilles tendinopathy;
the control group received 1-cm heel-cushions as their only
treatment while the intervention group received EMTT
plus 1-cm heel-cushion. Patients were instructed not to
change their activity levels during the treatment period.
The EMTT plus heel-cushion group received eight EMTT
treatments during a four week period. Both the control
Muscles, Ligaments and Tendons Journal 2019;9 (4)

group (heel-cushion only) and the EMTT plus heel cushion
group had significant improvements in both VAS and RM
scores. The difference between the groups was significantly in favor of the EMTT plus heel-cushion for VAS scores.
RM scores were also improved more in the EMTT plus
heel-cushion group compared to control, but this was not
statistically significant.
Vahdatpour et al (21) conducted a double-blind placebo-controlled clinical trial that used focused shockwaves
and radial shockwaves concurrently in the intervention
group. The study concluded that, although there was an
improvement in pain and AOFAS scores of patients, the
results were not significant (although there was a significant
improvement in AOFAS scores in ESWT group at 16 wks
post-intervention). The author concluded that the lack of
statistical significance was due to the small sample size of
the study. In addition, 100mg diclofenac sodium was administered daily for two weeks simultaneous with shockwave
intervention. One of the theories behind shockwave use for
chronic tendinopathies is that it stimulates a new healing
response similar to that in the initial acute phase. Therefore,
NSAID administration may have diminished the effects of
shockwave treatment for tendinopathies in this study.
The only significant side effects found in the nine previous
studies reviewed listed in tables I A-D were two Achilles
ruptures, both occurring in the shockwave treatment group
in the Costa et al study. However, it appears as though no
instructions were given to patients regarding avoidance of
painful activity. Also, patients in ESWT treatment group
averaged 11 years older than the control group. The two
patients with Achilles ruptures were 62 and
65 years old and both ruptures occurred within the first two
weeks of treatment.
A total 10 studies on the use of shockwave therapy for
Achilles tendinopathy were analyzed in table I A-D. Eight
of these studies showed significant improvement in patients
with Achilles tendinopathy treated with shockwave therapy.
Five of those eight studies had control groups that did not
receive shockwave treatment. The shockwave intervention
group had significant improvements compared to the control
group in all five of these studies, three of which had a level
of clinical evidence = 1. Two studies failed to show statistically significant improvements in the shockwave intervention group. However, both authors of these studies concluded that the lack of statistical significance was possibly due to
small sample size. Additionally, there were multiple factors
in the method of treatment administration that differed in
these two studies when compared to the other eight studies,
such as treatment intervals, number of shockwave impulses,
age-matching in intervention vs. control group, and a lack
of stated information regarding treatment protocol. Other
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more recent studies published subsequent to the current
one, use the EQ-5D scale instead of the Roles and Maudsley
score. This scoring system assesses five aspects of qualities
of life: mobility, self-care, usual activities, self-care, anxiety/
depression. This score is utilized in Europe, yet could be
considered universally in future studies (22,24).
To summarize, the current study examined a cohort of
patients diagnosed with Achilles tendinopathy treated
with both ESWT and RSW. They received 2500 impulses
of each of the two shockwave types at weekly intervals for
three treatments without local anesthetic. Patients with VAS

scores of 4 or more at 6 or 12 weeks post shockwave treatment were given an additional treatment or treatments. They
were advised to use heel cushions during the study if they
felt better with heel elevation. Patients were also advised to
perform eccentric exercise, but not beyond neutral. They
were required to not increase activity, and even decrease
levels during the three week shockwave treatment period.
In addition, they were required to avoid NSAIDs, as well as
aggressive stretching. The primary endpoint was VAS and
RM scores, measured at 12 weeks and 12+ months, compared
to those scores at baseline. The results showed a significant

Table II. Primary endpoint VAS scores at baseline, 1 month, 3 months, and 12+ months in shockwave intervention groups and
control groups with Achilles tendinopathy.
Author
of Study

Control
VAS at
baseline

Costa 2005
Furia 2006

Shockwave
intervention
VAS at
baseline

Control
VAS 1
month post
treatment

Shockwave
intervention
VAS at 1
month post
treatment

5.56 ± 2.65* 5.55 ± 3.06*

5.03 ±
3.63*

3.45 ± 3.42*

Control
VAS 3
months
post
treatment

Shockwave
intervention
VAS at 3
months post
treatment

Control
VAS 12
months
post
treatment

Shockwave
intervention
VAS at 12+
months post
treatment

---

---

---

---

8.6 ± 1.1

7.9 ± 2.0

8.2 ± 1.1

4.2 ± 2.4

7.2 ± 1.3

2.9 ± 2.1

7.0 ± 1.4

2.8 ± 2.0

Gerdesmeyer 6.6 ± 1.3
2017**

6.9 ± 1.3

---

---

4.9 ± 1.6

3.6 ± 2.0

---

---

Current
Study

6.3 ± 1.3

---

---

---

3.1 ± 1.8

---

1.2 ± 1.6

---

*VAS scores have been divided by 10 from those stated in Costa 2005 study
**Control group received heel-pad with 1-cm heel cushion. Shockwave (EMTT in this study) treatment group also received heel-pad with 1-cm heel cushion as adjuvant treatment

Table III. Roles and Maudsley (RM) Scores at baseline, 1 month, 3 months, and 12+ months post treatment in shockwave intervention groups and control groups with Achilles tendinopathy.

Author
of Study

Control
RM
Scores at
baseline

Shockwave
intervention
RM Scores at
baseline

Costa 2005

---

---

---

Males =3.3
± 0.6
Females = 3.3
± 0.51

Saxena 2011

Gerdesmeyer 3.68 ±
2017**
0.48
Current
Study

---

3.61 ± 0.5
3.5 ± 0.5

Control
RM Scores
1 month
post
treatment
2.76

Shockwave
intervention
RM Scores at
1 month post
treatment

Control
RM Scores
3 months
post
treatment

Shockwave
intervention
RM Scores at
3 months post
treatment

Control
RM Scores
12 months
post
treatment

Shockwave
intervention
RM Scores
at 12+
months post
treatment

2.57

2.70

2.09

2.70

2.09

---

Males = 1.55
± 0.87
Females =
1.83 ± 0.8

---

---

---

---

---

---

---

---

---

---

2.92 ± 0.78

2.57 ± 0.92

---

2.4 ± 1.1

---

1.6±0.9

*Control group received heel-pad with 1-cm heel cushion. Shockwave (EMTT in this study) treatment group also received heel-pad with 1-cm heel cushion as adjuvant treatment
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improvement in both outcome measures in patients treated
with combined FSWT and RSW. Comparison of VAS and
RM scores at baseline, one month (four weeks), three months
(12 weeks), and 12+ months (all times are ‘post shockwave
treatment completion’) for multiple studies on shockwave
treatment of Achilles tendinopathy are summarized in table
II (VAS scores) and table III (RM scores).
In conclusion, RSW and ESWT are both safe and effective
modalities that are commonly used for treatment of Achilles tendinopathy. These injuries can be very debilitating for
patients in their daily and recreational activities. We have

found that the use of both technologies has improved our
patient outcomes and decreased or delayed the need for
surgical intervention in many cases.
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SUMMARY
Background. Isolated Lisfranc ligament and some other combined ligament injuries to
the Lisfranc Joint Complex are frequently found in clinical practice, and surgical treatment is commonly indicated. In order to achieve favorable outcomes following the repair
of Lisfranc injuries, a successful anatomical reduction is required. Various fixation methods currently exist such as screw fixation, dorsal bridge plate fixation, K-wire stabilization, primary fusion, neoligamentplasty and TightRope stabilization. Each technique has
its own advantages and disadvantages. any rigid and long immobilization of a ligament is
detrimental to healing and compromises its mechanical properties. Ideally, the best form
to treat an articular joint involvement is to use a long-lasting implant, with flexibility that
could potentially provide the proper stability allowing enough motion to achieve a more
physiologic ligament healing. We describe a novel technique to reconstruct the Lisfranc
injuries with pure ligament disruption using a synthetic neoligamentplasty with FiberTape
- InternalBrace™ (Arthrex, Naples, FL) passed through anatomic bone tunnels that mimic
the original isometric position of the ligaments.
Methods. We described the technique and evaluated 7 consecutive patients with midfoot
ligament injury and a combination of tarsometatarsal instability and/or intercuneiform
instability.
Results. We found no postoperative complications, stiffness, or loss of correction.
Conclusions. The innovative surgical technique present in this article is effective and eliminates the need for subsequent implant removal for lisfranc joint injuries. It could also
provide a more physiologic arch deformation to interact with the environment in a more
effective way, protecting the surrounding joints from excessive loads.
KEY WORDS
lisfranc joint; neoligamentplasty; subtle Lisfranc

INTRODUCTION
Isolated Lisfranc ligament and some other combined ligament injuries to the Lisfranc Joint Complex are frequently found in clinical practice, and surgical treatment is
commonly indicated (1). Because of the close relationship
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of the tarsometatarsal bones and the relatively restricted
mobility of each one of the joints in this area, it is intuitive
to conclude that isolated Lisfranc ligament lesions are very
rare to say the less (2). Considering the Nunley-Vertullo’s
classification for the tarsometatarsal ligament lesions, grades
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II and III show important characteristics that can lead to
regional instability, because of the diastasis between the first
and second metatarsals and the intercuneiform joints (3).
Anatomic reduction of the Lisfranc joint following an injury is demanding. Outcomes are direct correlated with it. As
a concept used for other joints, stable fixation of an articular injury provides the best results. Fixation of the medial, lateral and intermediate cuneiforms with trans-articular
screws provide a stable fixation, but it destroys part of the
articular surface and there is a necessity of implant removal
to try to reestablish the articular function (4-7).
Primary arthrodesis is an option reported in the literature
to treat the tarsometatarsal injuries (2,8). Arthrodesis eliminate normal motion of theses joints and may overload the
adjacent joint. In a recent study, it was proved that patients
who were treated with arthrodesis or plate/screw fixation had significantly lower walking speed and significantly decreased flexion/extension in the midfoot during the
push-off phase (9). This is a functional demonstration of
the limitations that could occur after this type of treatment.
Nowadays, the literature still consider the use of trans-articular screws or primary arthrodesis to treat Lisfranc injuries
as gold standard, (1, 2,10) even with the common concept
that any rigid and long immobilization of a ligament is
detrimental to healing and compromises its mechanical
properties (11). Ideally, the best form to treat an articular joint involvement is to use a long-lasting implant, with
flexibility that could potentially provide the proper stability allowing enough motion to achieve a more physiologic
ligament healing.
There are two options in the literature for non-rigid Lisfranc
stabilization: Neoligamentplasty with allograft/autograft or
tightrope fixation (12,13).

A biomechanical publication analyzing the differences
between screw fixation and Mini TightRope® (Arthrex,
Naples, FL) for Lisfranc injury shows that the strength of
the Mini TightRope® is not much different than a 3.5-mm
or a 4.5-mm screw (14,15).
In the same way, neoligamentplasty has been demonstrated to be a safe option for acute and late reconstruction of
Lisfranc ligament injury (11-13).
We describe a innovative technique to reconstruct the
Lisfranc injuries with pure ligament disruption using a
synthetic neoligamentplasty with FiberTape - InternalBrace™ (Arthrex, Naples, FL) passed through anatomic bone tunnels that mimic the original isometric position
of the ligaments and a retrospective analysis of the first
patients submitted to this technique.

METHODS
Patients
Seven patients were retrospectively evaluated and included into this study. All of them had a history of an acute
midfoot ligament injury and a combination of tarsometatarsal instability and/or intercuneiform instability. Mean
age was 36 years (min = 15 / max = 55 years). There were
4 males and 3 females (table I). The inclusion criteria were:
(1) adult patients with history of an acute closed injury of
the tarsometatarsal joint; (2) Physical examination suggestive
and compatible with tarso-metatarsal and/or tarsometatarsal acute instability (pain and swelling on the dorsal aspect
of the midfoot; intense pain and some degree of instability during pronation-supination manual test; and plantar
ecchymosis) (3) Radiological signals of Lisfranc ligament

Table I. Demographic Data
#

Gender

Age (years)

Side

Pattern of Ligaments Involvement

Trauma Agent

1

F

44

R

(C1-C2) + (C1-Mt2) + (C1-Mt1) + (C2-Mt2)

Fall on the stairs

2

M

29

R

(C1-C2) + (C1-Mt2) + (C1-Mt1) + (C2-Mt2) + (C2-C3)
+ (C3-Mt3)

Wakeboard

3

F

37

L

(C1-C2) + (C1-Mt2) + (C1-Mt1) + (C2-Mt2)

Windsurf

4

F

55

L

(C1-C2) + (C1-Mt2) + (C2-Mt2)

Fall on the stairs

5

M

19

L

(C1-C2) + (C1-Mt2) + (C2-Mt2)

Skateboard

6

M

31

R

(C1-C2) + (C1-Mt2) + (C1-Mt1) + (C2-Mt2)

Soccer

7

M

36

L

(C1-C2) + (C1-Mt2) + (C2-Mt2)

foot sprain

C1-C2 - First Intercuneiform ligaments
C1-Mt2 - Lisfranc Ligament
C1-Mt1 - First Cuneometatarsal Ligament
C2-Mt2 - Second Cuneometatarsal Ligament
C2-C3 - Intercuneiform ligaments between C2 and C3
C3 - Mt3 - Third Cuneometatarsal Ligament
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 1. Tarsometatarsal pure ligament injury: A. widening of the spaces between the first and second cuneiforms and the bases of the first and
second metatarsals (arrow head); B. Oblique view with asymmetry of the
second tarsal-metatarsal joint (arrow head) and third cuneiform and third
metatarsal bone (dots).

injury and/or intercuneiform instability, represented by the
widening of the medial cuneiform and the second metatarsal space, the first metatarsal and medial cuneiform deviation and the C1-C2 intercuneiform space widening (figure
1). Magnetic Resonance (MR) images were used to confirm
the clinical and radiological findings by means of the identification of direct and indirect signals of Lisfranc and intercuneiform ligament disruption (figure 2). The Nunley and
Vertulo Grading System were used to graduate and classify
the injury (3).
Three patterns of lesions were found in our sample: (1)
rupture of the First Intercuneiform ligament (C1-C2),
Lisfranc ligament (C1-Mt2) and the Second Tarsometatarsal ligament (C2-Mt2); (2) Rupture of the First Intercuneiform ligament (C1-C2), Lisfranc ligament (C1-Mt2), Second
Tarsometatarsal ligament (C2-Mt2) and the First Tarsometatarsal ligaments (C1-Mt1); and (3) First Intercuneiform ligament (C1-C2), Lisfranc ligament (C1-Mt2), First Tarsometatarsal ligaments (C1-Mt1), Second Tarsometatarsal ligaments
(C2-Mt2), Second Intercuneiform ligaments (C2-C3) and
Third Tarsometatarsal ligaments (C3-Mt3) (figure 3).

Surgical Technique
The patient is positioned in supine position. A thigh tourniquet is applied to provide a bloodless surgical field.
564

A 5-cm linear incision located dorsally over the first intermetatarsal space give us access to the medial intertarsal
and tarsometatarsal joints. With a careful evaluation of
all anatomic structures of this region one can identify the
involved ligaments and quantify the regional instability
observing the joints behavior during pronation and supination of the forefoot. All the remain ligaments must be
removed from every affected joint and interspaces in order
to reestablish the normal relationship of the joints.
Accessory incisions may be necessary depending of the
instability encountered. They can be made parallel to the
first incision keeping a secure distance between them.
Once the joint instability has been confirmed and the injury
pattern established, the second metatarsal base was anatomically repositioned using a bone clamp. Satisfactory reduction of all involved joints was confirmed with fluoroscopic
images. Bone tunnels were strategically placed to allow the
recreation of the main ligaments involved, restoring joint
stability. Figure 4A shows the most important information
regarding the bone tunnels preparation and placement.
Tunnel #1 starts at the medial border of the medial cuneiform and is directed to the base of the second metatarsal
bone, reproducing the trajectory of the Lisfranc ligament.
Tunnel #2 begins at the medial border of the medial cuneiform, 3 or 4 mm proximal to the entrance of the tunnel #1
and heads to the lateral dorsal region of the middle cuneiMuscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 2. MRI images of pure Lisfranc ligamentous injury: A.
T1 Axial Fat Gd; B. T2 Axial Fat; C. T2 Coronal Fat. The hyper
signal observed in the spaces between the medial, intermediate and lateral cuneiforms. Coronal view (C) showing the
absence of the Lisfranc.

Figure 3. Injury Patterns: 1+2+3 = Lisfranc + 2nd tarsal-metatarsal + First intercuneiform(C1-C2); 1+2+3+4 = Lisfranc +
2nd tarsal metatarsal + First intercuneiform (C1-C2) + 1st
tarsal-metatarsal; 1+2+3+4+5+6 = Lisfranc + 2nd tarsal
metatarsal + First intercuneiform (C1-C2) + 1st tarsal-metatarsal + Second intercuneiform (C2-C3) + 3rd tarsal-metatarsal.

form. Tunnel #3 is performed from medial to lateral, in the
coronal plane, 1 cm distal to the base of the first metatarsal.
Tunnel # 4 crosses obliquely the base of the third metatarsal bone aligning with the lateral hole of tunnel #1. Finally,
tunnel #5 follows the same path of tunnel #2, extending to
the lateral cuneiform. Tunnels #2 and #5 are never used
in the same patient, they will be chosen depending of the
amount of instability encountered.
The bone tunnels needed for the simplest pattern of injury
- (C1-C2) + (C1-Mt2) + (C2-Mt2) - were tunnels #1 and #2.
To address the intermediate complexity pattern - (C1-C2)
+ (C1-Mt2) + (C1-Mt1) + (C2-Mt2) - it is necessary to
perform tunnels #1, #2 and #3. When it comes to the most
complex lesion pattern - (C1-C2) + (C1-Mt2) + (C1-Mt1) +
(C2-Mt2) + (C2-C3) + (C3-Mt3) - it is necessary to use four
bone tunnels: tunnel #1, #5 instead of #2, #3 and#4.
It is recommended to use 1.2 K-wires to find the correct
position of the tunnels under fluoroscopic guidance. Once
this is achieved, the bone tunnels can be drilled using a 2.5
mm cannulated drill bit.
Using a litinol suture-passer, both ends of a #2 FiberTape
- InternalBrace™ (Arthrex, Naples, FL) are passed from
medial to lateral through the tunnel #1, leaving a lace exteriorized at the medial entrance of the tunnel. This step is the
same for all injury patterns found in our series.
In the simplest and in the intermediate complexity patterns,
both free ends of the tape are now carried over the second

tarsal-metatarsal joint and passed from lateral to medial
through tunnel #2.
Both ends of the tape are passed through the lace in order
to allow adequate tensioning. One assistant kept the tension
over the ends of the tape while the surgeon introduced two
3 x 8 mm Bio-Tenodesis™ screws (Arthrex, Naples, FL) in
the medial holes of both #1 and #2 tunnels, stabilizing the
intercuneiform and tarsometatarsal joints. For the simplest
pattern of injury - (C1-C2) + (C1-Mt2) + (C2-Mt2) – the
above description addresses all the unstable joints and
reconstructs all the injured ligaments, allowing both free
ends of the tape to be cut (figure4B).
In the intermediate complexity pattern - (C1-C2) + (C1-Mt2)
+ (C1-Mt1) + (C2-Mt2) - both ends of the tape were carried
over the first tarsometatarsal joint and passed through
bone tunnel #3. One end of the tape is passed from medial to lateral and the other from lateral to medial. Tension is
applied in both tape ends and a third 3 x 8 mm Bio-Tenodesis™ screw is introduced in the tunnel, from medial to lateral, to stabilize the construct (figure 4C).
When dealing with the most complex lesion pattern (C1-C2) + (C1-Mt2) + (C1-Mt1) + (C2-Mt2) + (C2-C3) +
(C3-Mt3) -, just after passing the tape through the tunnel #1,
both free ends of the tape were passed through the tunnel
#4 at the base of the 3rd metatarsal, carried over the 3rd
tarsal-metatarsal joint and passed through the bone tunnel
#5 in order to stabilize the injured ligaments. The fixation

Muscles, Ligaments and Tendons Journal 2019;9 (4)
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4A

4B

4C

4D

Figure 4A. positioning and length of the bone tunnels; B, C and D - Red lines indicate the bone tunnels; blue lines indicate
the segments of superficial position of the FiberTape; the white arrows indicate the direction of introduction of the FiberTape
while the numbers indicate the sequence used to pass the FiberTape in each bone tunnel or superficial way. The Bio-Tenodesis
screws appear in black and the letters on them indicate the sequence of screw introduction.
B = (C1-C2) + (C1-Mt2) + (C2-Mt2) the simplest injury pattern; C = (C1-C2) + (C1-Mt2) + (C1-Mt1) + (C2-Mt2) the intermediate
complexity injury pattern; D = - (C1-C2) + (C1-Mt2) + (C1-Mt1) + (C2-Mt2) + (C2-C3) + (C3-Mt3) represents the more complex
injury pattern.

with screws and the stabilization of the first tarsometatarsal
joint follows the same principles already described.
In figures 4B to 4D, one can find the detailed schemes of
all the steps mentioned above and in figure 5, all the related
surgical images.
At the end of the reconstruction procedure, stability and
joint reduction were analyzed under direct and fluoroscopic
visualization, including manual stress tests.
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The postoperative protocol included 2 weeks in a short leg
splint until sutures were removed and then transitioned to
a non-weight-bearing boot for an additional 4 weeks. Physiotherapy program started at the 3rd week without foot
load. At the end of the sixth week, patients were allowed
to weight-bear with boots as tolerated for two more weeks.
Return to sports is permitted after 6 months.
All cases of Lisfranc injuries in our series were surgically
treated by the same team.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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5B

5C

5D

5E

5F

5G

5H

5I
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RESULTS
All patients had radiographic and clinical improvement.
Reduction of the tarsometatarsal, intercuneiform joint and
restoration of the foot arch height was observed on weightbearing radiographs in all cases. (figure 6).
Every patient returned to normal activities within the observation period, i.e. 3 to 10 months.
The mean postoperative AOFAS score ranged from 89 to
98 points (table II). There were no postoperative wound
complications or infections, construction failure, loss of
reduction or post-traumatic arthritis.

DISCUSSION
Despite the fact of Lisfranc injuries are not common, they
can be a disastrous injuries to normal population or in
professional elite player(16). Different fixation methods
exist such as screw fixation, dorsal bridge plate fixation,
K-wire stabilization, primary fusion, neoligamentplasty and
TightRope stabilization. Each technique has its own advantages and disadvantages (6).
Early reports of Lisfranc injury management using Kirschner
wire fixation to maintain a stable reduction endorse this
method, but the recent literature do not advocate it for the
athletic population. Numerous studies have demonstrated
improved stability with screw and/or plate fixation, which
also limits the risks of recurrent subluxation after early pin
removal and pin site complications (17).
The use of trans articular screw are most common method
used to treat acute Lisfranc ligamentous injuries with good
results reported. They provide adequate stability but they

6A

compromise the TMT joint articular surface and make the
joint rigid and less adaptable in a stand position. (4,17,18)
The concept of midfoot ligament reconstruction and
motion preservation breaks the common sense of immobilization to hope for ligament healing. The use of trans articular screws or a primary arthrodesis has never been considered in knee or shoulder ligament injuries, and, in that way,
why should they be considered in a joint with movement
and with an important biomechanical property in the foot?
After Lisfranc injuries, patients have altered gait compared
with healthy subjects (9). When gait analysis is performed
in patients who have had a Lisfranc stabilization with trans
articular screws or arthrodesis, they show a significantly
lower walking speed and significantly decreased flexion/
extension in the midfoot during push-off phase. Patients
with a rigid midfoot after arthrodesis or screw/plates fixation also present an increased plantar pressure in the late
instants of stance phase, possibly due to arch stiffness changes (19). In addition, ROM has been significantly correlated
with functional score but not with the radiographic reduction. This could indicate that in the post- operative phase
a high flexion-extension motion is important for patient
satisfaction. Even in patients where hardware was removed
before gait analysis, they still presented a non-functional gait
(9,20). This last fact highlights the need of finding a reliable,
functional and non-rigid reconstruction of midfoot injuries.
The non-rigid method of fixation for midfoot ligament
reconstruction either with autologous tissue or synthetic
materials has already been described. Few reports exist, as
the neoligamentoplasty for Lisfranc joint instability. Different authors had demonstrated the use of different autografts

6B

Figure 6 A-B. Radiograph presenting the normal restoration of the foot arch height and reduction of the tarsometatarsal, intercuneiform joint.
568

Muscles, Ligaments and Tendons Journal 2019;9 (4)

C. Nery, E. Giza, E. Wagner, M. A. Percope de Andrade, T. Soares Baumfeld, M. Pires Prado, D. Baumfeld

Table II. Pöst operative data
#

Nunley-Vertullo

Follow-up

1

III

10

AOFAS Post-op
95

2

III

7

90

3

III

6

98

4

II

5

92

5

II

5

90

6

III

4

92

7

II

3

89

6

92

mean

(third extensor digitorum longus, gracilis, half of the extensor hallucis longus tendon) to reconstruct midfoot ligament
injuries, with good results in acute and chronic injuries even
in professional athletes (5,12,13,21,22). Precise placement
of bone tunnels to guide the grafts has been described too,
following the anatomic position of the ligaments, which
should be paramount to achieve a correct reconstruction
(13). Alternative materials such as synthetic sutures have
been suggested too, such as the method described using
the Tightrope (Arthrex) technique, which avoids donor site
morbidity. Recent studies have confirmed equivalent stability across the Lisfranc joint when using a suture button
device as compared with screw fixation.(20)
In this article, we have provided a technique to treat acute
tarsometatarsal and/or intercuneiform ligamentous injuries in selected cases. This technique has some advantages compared with other non-rigid fixation alternatives. It
allows fixation of all types of injuries with multidirectional ligamentous disruption, avoiding donor site morbidity.
It maintains joint motion which could also provide a more
physiologic gait. It also avoids screw breakage and the need
for implant removal (16, 23, 24).
This study presents some limitations. it is a level V case
series of a very small number of patients with no control
group, the results of the different types of surgical procedures, such as screw fixation or primary arthrodesis, could
not be estimate. We also need a biomechanical study to
directly compare rigid versus non rigid fixation techniques
for midfoot injuries.
The potential complication that could exist should also be
advised. The tunnels must follow the correct description to
mimic the normal ligament, their incorrect position could
lead to cartilage and joint destruction and future arthrosis.
Also, to tight the synthetic tape, surgeons need a good bone
structure, its use in a osteoporotic bone or if the tunnels
were not performed in the proper position a bone fail could
occur.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

In summary, we present in this article a new technique used
to stabilize Lisfranc fracture dislocations. This method is
effective and eliminates the need for subsequent implant
removal. As the repair follows the ligament trajectories and
insertions, it may possibly simulate the mechanical properties of the ligaments until they heal. Furthermore, diastasis should not be a concern because very strong, nonabsorbable tapes are used to restore the strength and integrity
of the joints until the TMT ligaments heal. We believe a
non-rigid fixation enhances healing, preserves joint motions
and provides equivalent results compared with screw fixation. This type of fixation could also provide a more physiologic arch deformation to interact with the environment in
a more effective way, protecting the surrounding joints from
excessive loads. A prospective research is needed before the
present technique can become the standard operative treatment of ligamentous tarso-metatarsal injuries.

CONCLUSIONS
The surgical technique present in this article is effective and
dispense the necessity of implant removal for Lisfranc joint
injuries. It could also provide a more physiologic arch deformation to connect with the environment in a more efficient
way, protecting the surrounding joints from overloads.
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SUMMARY
Purpose. Currently, no consensus has been achieved regarding treatment of irreparable
and massive rotator cuff tears. The purpose of this study was to evaluate clinical outcomes
and acromiohumeral distance after superior capsular reconstruction, using a porcine
dermal graft.
Methods. In this study, patients underwent arthroscopic superior capsule reconstruction
were included. Grafts used a porcine dermal matrix. Main inclusion criterion was a symptomatic massive, irreparable supraspinatus tear. Patients were excluded for severe shoulder osteoarthritis or important fatty degeneration or shoulder stiffness. Constant score,
VAS, ASES and complications were assessed preoperatively and at last follow-up. Acromiohumeral distance was measured using X-ray.
Results. Among the 23 patients enrolled, mean age was 60,5years (±3). Mean followup was 29,3months (±3,7). Mean Constant score improved from 34,7 (±7,8) to
78,3 (±16,5),p=2.81E-13. At last follow-up, mean forward flexion increased to 126°
(±33°,p=9.05E-12), muscle strength (points/25) increased to 15.3 (±5.6,p=0.56). Mean
ASES increased from 38,2 ±4.3 to 81 ±14,1 at last follow-up (p=6.48E-16). VAS had
decreased to 1.4 (±1.9) from a mean of 4,8 (±1.3),p=1.68E-07. Acromiohumeral distance
increased from 6.6mm ±1.2 to 8.7mm ±1,p=3.11E-07.
At last follow up, major complications included 5 revisions (21%), 2 latissimus dorsi transfer and 3 reversed shoulder arthoplasty. Neither rejection nor sepsis were observed.
Conclusions. In this preliminary study of superior capsule reconstruction with a porcine
dermal matrix xenograft, improvements in shoulder outcomes were showed. Despite a
high rate of revisions and potential confounding factors, superior capsule reconstruction
with such porcine graft may be an effective treatment to re-centring the humeral head with
respect to the glenoid on this selective population.
KEY WORDS
cuff; shoulder; arthroscopy; superior capsule reconstruction; knotless; tear

INTRODUCTION
Chronic and irreparable massive rotator cuff tears remain
one of the most challenging shoulder surgery. Arthroscopic repair by an experimented surgeon is possible but long
term healing, especially in younger subjects (< 65 years old),
remain low (1) because of the chronic nature of these tears,
limited excursion and fatty atrophy develop. Non repaired
tear or failed arthroscopic repair cause eccentric shoulder
osteoarthritis in more than 50% of cases, which then progress through the 5 grades described by Hamada and Fukuda
(2) and cause pain and mobility loss.

Multiple alternative repairs exist in the literature. Good
results have been reported with the reverse shoulder prosthesis, which lowers the centre of rotation and medializes
the humeral head, resulting in optimised deltoid function
(3). However, complication rates are very high among older
subjects (up to 20%) and even higher among patients under
65 years of age (up to 40%) (4,5).
For younger subjects, it exists a range of therapeutic options
with different degrees of invasiveness (i.e. including muscle
flaps, fascia lata, partial repairs, tenotomy of the long head
biceps…) and varying results (6-13). Treating the younger
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population with porcine dermal superior capsule reconstruction seemed particularly interesting, as it allows for
muscle mass preservation (latissimus dorsi) and retains the
possibility of performing flap or shoulder prosthesis procedures at a later stage.
Principal advantage is control of humeral head’s upward
migrations by restorating balanced force couples and
restauration of the shoulder function. To date, mediumand long-term comparative studies (14) are too scarce to
establish a standard therapy for irreparable and massive
cuff tears.
Aim of this study was to evaluate clinical outcomes and the
acromiohumeral distance after superior capsular reconstruction, using a porcine dermal graft for massive and irreparable cuff tears. This study hypothesis superior capsule reconstruction using porcine dermal graft is a safe and effective
option for irreparable and massive cuff tears.

MATERIAL AND METHODS
This study was conducted from March 2015 till december
2016. Requirements for inclusion were the presence of an
irreparable supra-spinatus tendon tear and, when relevant,
an intact or reparable subscapularis and intact deltoid.
Further inclusion criteria were: minimum clinical follow-up
of 2 years with radiographic control and below 65 years old.
Surgery could be primary or secondary.
Patients were excluded for severe shoulder osteoarthritis
(>4 according to the Hamada classification (2)), fatty degeneration (>2 of the subscapularis) according to the Goutallier
classification (15) or shoulder stiffness.
Indications for superior capsule reconstruction was restricted active range of motion and severe pain caused by massive
rotator cuff tear.
25 patients (25 shoulders) met the inclusion criteria. 2
patients were lost to follow-up or unable to undergo
post-operative control imaging. Consequently, the study
included 23 patients (33).

PRIMARY AND SECONDARY OUTCOME
MEASURES
Primary outcome measures were mean Constant Score (CS)
and acromio-humeral distance (in mm).
Secondary outcomes measures included pain severity on
visual analogue scale (VAS) from 0 to 10, ASES score, and
complications. Focus was placed on rejection-type reactions
or sepsis because of the xenograft nature of the matrix.
Clinical outcomes were monitored at regular intervals by an
independant observator, from the pre-operative period until
last follow-up.
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Patients were invited to perform a 24-month follow-up MRI
to evaluate the evolution of xenograft.

PATIENT ASSESSMENT
True anteroposterior and lateral shoulder X-rays were
taken to examine shoulder osteoarthritis. Acromiohumeral distance was measured on true AP shoulder radiograph
and defined by Gruber and al. as the shortest distance
measured from the cortical bone at the inferior aspect of the
acromion to the humeral head (16). A value between 8 and
12 mm was considered normal. Diagnosis and indication
for surgery were determined on MRI or arthro-CT scans,
which allowed assessment of supraspinatus tendon tears,
degree of retraction (Patte classification (17)), and associated fatty degeneration (Goutallier classification (15)).
Physician provided to the patient clear and appropriate
information regarding aim of the therapy and porcine origin
of the matrix. In all cases, surgeon will reassess the necessity and feasibility of the superior reconstruction capsule
based on per-operative arhthroscopic findings. Secondary
outcome measures were assessed preoperatively.
Tear retraction and severity were confirmed during
arthroscopic surgery.

SURGICAL TECHNIQUE
All procedures were performed, by the same senior surgeon,
on patients in the beachchair position under general anaesthesia with loco-regional anesthesia (interscalene block).
A posterior portal was positioned in order to expose and
assess the lesions.
Tear retraction was assessed with gripping forceps to
confirm that the lesion was irreparable;
Biceps tenotomy or tenodeses was performed systematically. Acromioplasty was performed systematically (we do not
performed another subacromial decompression if it was
done during the first arthroscopic repair).

Glenoid and tuberosity anchorages
Two 3.0-mm PEEK (polyether ether ketone) SutureTak
anchors were inserted into the supraglenoid tuberosity with
2 high Strength sutures (Arthrex, Naples, Florida).
On the tuberosity, the graft was fixed to the humerus using
a knotless double bridging construct (Arthrex, Naples,
Florida) in order to obtain better fixation and tuberosity
maximum coverage. Two 4.75-mm BioComposite SwiveLock anchors loaded with suture tapes (Arthrex, Naples,
Florida) sutures were inserted into the articular margin
firstly.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Porcine dermal capsule preparation and fixation
Capsule was cut and prepared simultaneously by an assistant. Capsule DX Matrix (Arthrex, Naples, Florida) was an
acellular and sterile porcine dermic matrix, composed mostly of collagen. Growth factors (VEGF, TGFb) were present inside in order to stimulate incorporation of adjacent
tendon cells. A sizing and sterile device (Arthrex, Naples,
Florida) was used to measure the appropriate anteroposterior and medial-lateral dimensions of the defect. Graft dimensions were then drawn twice with a sterile, felt-tipped marker in order to double the thickness of the matrix, and cut.
The two matrix layers were stitched together using Vicryl
2-0 in an edge-to-edge continuous suture (figure 1).
The prepared graft was then orientated and pushed to the
glenoid. To avoid tangling, care should be taken to tension
the passed sutures, and do not twist the graft.
When the graft was positioned over the SutureTak anchors
firmly onto the glenoid, the sutures were tied over the graft
with a static surgeon’s knot.
Creation of the lateral bridging portion of the knotless
bridging construct was then undertaken. In order to obtain
the better coverage of the graft on the footprint and suffi-

cient compression, the limbs of the suture tape were then
individually tensioned.
At the end of the procedure, the dermal matrix was then
sutured edge-to-edge to the rest of the infraspinatus, and the
anterior edge to the subscapularis (figure 2). The mechanical effectiveness of the superior capsule reconstruction in
preventing the humeral head from raising during shoulder
movements was verified during per-operative period.

Post-surgical follow up
After surgery, patients were immobilized for 4 weeks with
a sling (Sober, Crolles, France). Shoulder rehabilitation
consisted of free passive range of motion exercises starting
from post-operative day 1. Active motion was initiated at
4 weeks. Rotator cuff-strengthening exercises began 10–12
weeks after surgery. Full return to sports and heavy labour
were allowed after 6 months, according to individual functional recovery.

A

B

Figure 1. Porcine dermal graft sizing and preparation.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

Figure 2. Operative views.
2a. Arthroscopic view with a massive postero-superior rotator
cuff tear (man; 58 y.o.; primary surgery). 2b. Final arthroscopic
views with the superior capsule reconstruction.
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Patients were examined at 3 months, 6 months, 12 months
post-surgery and after, ones each year. During these
follow-up visits, true anteroposterior (in neutral rotation)
and lateral shoulder X-rays were taken, and primary and
secondary outcome measures were assessed. Radio-clinical
exam was done systematically if patient presented pain or
restricted motion.

Statistical analysis
Means and 95% confidence intervals were calculated using
the software R (http://www.R-project.org). Differences
between pre- and postoperative mean Constant, VAS and
ASES scores were analyzed with the Student’s t-test. Significance was set at p<0,001 (Bonferroni correction).

RESULTS
A total of 23 patients were enrolled in our study with
irreparable rotator cuff tears involving supra-spinatus
tendon. Mean age was 60,5 years (± 3) and median followup was 29,3 months (± 3,7). Surgery was primary in 17
cases. 16 tenotomy and 7 tenodesis of the long biceps were
performed. Among those undergoing revision surgeries, 5
had previous arthroscopic rotator cuff repair and one had
undergone latissimus dorsi flap reconstruction. Demographic data are summarized in table I.
The shoulders were grade 1 in 14 cases (62 %), grade 2 in 5
(23 %) and grade 3 in 4 (15 %), according to the Hamada
classification (2). Fatty degeneration was grade 2 in 4 cases
and 19 supra-spinatus were grade 3 (80%). According to
Patte’s classification, all patient had a type 3 tear (tendon
lesion reached the level of the glenoid).
Mean Constant score showed a significant improvement in
shoulder function, as it increased from 34,7 (± 7,8) preoperatively to 78,3 (± 16,5) (p=2.81E-13) at last follow-up.
Improvement in Constant score is clinically significant.
Difference between the pre- and post-operative scores
is greater than the MCID (minimal clinically important difference) for 22 shoulders (96,7%). Pain severity
decreased to 1.4 (± 1.9) at last follow-up (p=1.68E-07).
Table I. Demographic data.
Population (n=23)
Age (year) (mean ± SD)
Men/Women

Mean ASES Score increased from 38.2 (± 4.3) to 81 (±
14,1) at last follow-up (p=6.48E-16). ASES improvement
is clinically relevant. Difference between pre and post-operative ASES is greater than the MCID for all subjects.
Shoulder mobility improved with a mean forward flexion of 126° (± 33°) vs 77° (± 18°) in preoperative period (p=9.05E-12), and a mean abduction of 117° (± 28,5°)
vs 61° (± 19,5°) at baseline (p=3.36E-12). Mean muscle
strength (points/25) increased from 5.1 (± 4.5) preoperatively to 15.3 (± 5.6) at last follow-up, but this improvement was not statistically significant. All these results are
summarized in table II.
Similarly, the mean acromiohumeral distance started below
the normal range at baseline (6.6 mm ± 1.2) and increased to
8.7 mm ± 1 at last follow-up (p=3.11E-07) (figure 3).
About the 23 patients with satisfactory follow-up, 14
performed a control MRI at 24 months and 4 performed
a shoulder ultrasound echography (claustrophobia).
A complete healing was observed in 50% (9/18) and
persistence of the xenograft was reported in 9 cases
without phenomenon of recolonization or deterioration
(figure 4).

COMPLICATIONS
Three intraoperative complications were recorded: two
partial glenoid fractures diagnosed during surgery without
major functional repercussions and a dehydrated porcine
dermal matrix upon packaging opening.
Five revisions (21%) were needed due to persistent pain
and loss of mobility. We performed two latissimus dorsal
flap, 14 and 18 months after surgery. In two other cases, 8th
and 16th month follow up, reversed shoulder prosthesis was
performed due to poor clinical results. In one case, patch
was pulled out at 23 months follow up after a trauma shoulder (car accident). Material removal and reversed shoulder
prothesis were done in the same time. Successful outcomes
were noticed for these patients.
Table II. Pre-operative and post-operative Constant score,
VAS, ROM, Strength and ASES (mean ± SD).
Pre-operative

Last follow-up

p

Constant score

34.7 ± 7.8

78.3 ± 16.5

2.81E-13

VAS

4.8 ± 1.3

1.4 ± 1.9

1.68E-07

60,5 ± 3

Anteflexion (°)

77 ± 18

126 ± 33

9.05E-12

16/7

Abduction (°)

61 ± 19.5

117 ± 28.5

3.36E-12

5.1 ± 4.5

15.3 ± 5.6

0.56

38.2 ± 4.3

81 ± 14.1

6.48E-16

Professional Activity (manual labor)

18

Dominant Side

19

Strength
(points/25)

Primary surgery

17

ASES
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A

B

Figure 3. Verifying radiologically humeral head re-centring after superior capsule
reconstruction.
3a. Face and lateral X-ray before surgery (man, 62 y.o., primary surgery).
3b. 12 months after surgery.

One case of algosdystrophy was diagnosed at the 6th month clinical exam and was
healed with active re-education and adapted medics.
Neither rejection-type reactions nor sepsis were observed.

DISCUSSION
This series showed superior capsule reconstruction with a porcine dermal
matrix resulted in safety, significative functional improvement and effective pain
relief. According Harris et al. (18), our results were clinically relevant. DifferMuscles, Ligaments and Tendons Journal 2019;9 (4)

Figure 4. MRI assessment of the SCR
(woman, 64 y.o., 24 months follow up).
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ence between pre and last follow-up Constant was higher than MCID for 96,7% of subjects and for all subjects
about ASES score. Muscle strength was the only outcome
measure in our study that did not show statistically significant improvement. However, it is likely that significance
could be reached in a larger cohort with longer follow-up.
In comparison about dermal allograft in the literature (7,
14, 19), dermal xenograft presents satisfying results. Denard
et al (14) in 2018 reported significant clinical improvement except external rotation. Large cohort (59 patients)
but short term follow-up (17,7 months) and partial radiological evaluation were done. 11 patients needed revisions
(7 reverse shoulder arthroplasties, 2 reinforcement of the
reconstruction, 1 infection) and 1 subpectoral tenodesis was
performed for chronic pain.
Clinical results of muscle transfers (latissimus dorsi, trapezius…) remain controversial with increasing risk of complications such as neurapraxy due to nerve procedure tension
(table III).
Repairs by latissimus dorsi transfer are reported after more
than 10 years follow-up. Gerber et al (20), reported significative improvement about forward flexion (118° vs 132.4°)
and external rotation (18° vs 32.5°). Successive X-rays
control showed a significative worsening Hamada 21Hamada et al. radiographically classified massive rotator cuff tears
into five grades. Walch et al. subsequently subdivided Grade
4 to reflect the presence/absence of subacromial arthritis and emphasize glenohumeral arthritis as a characteristic
of Grade 4.\n\nQuestions/purposes\nWe therefore deter-

mined (1 score. However, revisions were required principally
for avulsion of the muscle transfer. These avulsions are well
described by Grimberg et al (22), in 2015, which performed
arthroscopic assisted latissimus dorsi: per-operative complication as great tuberosity fracture or post-operative fracture
as screws pull-out and endo fixation button failures.
El Hassan et al (10), evaluated recently trapezius transfer in
2016. Vector of its muscle fibres would be identical to that
of the infraspinatus fibres (23). 33 patients (53 y.o.) with 22
previous repair were included. Author performed this technique specifically for those who have pre-operative anterior
flexion of more than 60°. Range of motion was improved
and SSV was 78 at 53 months follow up.
About using fascia lata, Dimitrios et al (24), reported significant results as improvement of Constant score and decrease
of pain at 43 months follow-up. Range of motion is also
improved. 3 re-tears were diagnosed at 12 months with US.
No case of infection was reported.
Advantages of these porcine matrices include a tear resistance 3–4 times greater than the fascia lata graft described
by Mihata et al (550 Newton vs 180 Newton) (25). This graft
contains growth factors, VEGF and TGF-beta, that are
capable of optimizing the formation of fibrovascular scar
tissue while maintaining structural integrity. It also limits
donor-site morbidity. Acevedo et al (26), evaluated ethical
questions they raise, and Snyder and al (27) shown the minimal immunologic and rejection risk of these xenografts.
D’ambrosi et al. (13) described in 2019, a meta analysis
about the use of scaffolds in arthroscopic repairs of massive

Table III. Functional and structural results after massive rotator cuff tear repair in the literature.
Studies

Technique

Patients
number

Mean age
(years)

Mean follow
up (months)

Mean functional results
at last follow up

Re-tear
rate (%)

Type of control
imaging

Our Study

Dermal
Xenograft

23

60,5

29.3

Constant : 78.3
ASES : 81

21

MRI/US

Denard et al. 14

Dermal
Allograft

59

62

17.7

ASES : 77,5

32

MRI

Barber et al. 7

Dermal
Allograft

22

56

24

Constant : 91.9
ASES : 98.9

15

MRI

Gerber et al. 20

Latissimus
Dorsi
Transfer

46

68.4

146.6

Constant : 63.8
SSV : 70.1

-

-

Grimberg et al. 22

Latissimus
Dorsi
Transfer

55

62

29.4

Constant : 65.4
SSV : 71.1

16.3

-

El Hassan et al. 10
31-66 years

Trapezius
Transfer

33

53

47

SSV : 78

-

-

Fascia
Lata

23

65.1

34.1

ASES : 92.9

16.7

MRI

Mihata et al. 32
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rotator cuff tears. Cohorts of 10 articles were combined,
resulting in a cohort of 178 repaired shoulders. In 32 cases,
authors reported a retear. The complications are variable
but the rate is lower than our series (10%). This meta-analysis confirms the efficiency and safety of scaffolds in superior capsular reconstructions. However, a prospective study
needed to assess this type of repair more accurately.
The biomechanical objective of this repair, to avoid the ascension of the humeral head and the early evolution of osteoarthritis, was assessed by measurements of acromio humeral distance. At a mean of 29,3 months follow-up, the mean
acromiohumeral distance had increased significantly from
its baseline value. Superior capsular reconstructions allowed
a retablishment of forces vector, a lowering of the humeral
head and thus an increase in the acromio-humeral interval.
This result may confirm that superior capsule reconstruction
with porcine graft acts as a long term spacer and is effective in
re-centring the humeral head. In recent literature, Denard et
al. (14), using a superior capsule reconstruction with dermal
allograft, an improvement at 2 weeks postoperatively but a
decrease to its baseline value at final follow-up.
Other treatments for irreparable cuff tears such as the latissimus dorsi transfer and deltoid transfer, are unable to prevent,
superior migration of the humeral head. Acromiohumeral
interval tended to remain low and decreased. Gerhardt et
al (28) and Nové-Josserand et al (29), who performed latissimus dorsi transfer, despite they measured a significantly
increase of the acromiohumeral interval, it remained under
8mm and did not prevent the ineluctable evolution of the
osteoarthritis (3,8mm and 5,5mm respectively).
Excepted, superior reconstruction with fascia lata allograft
presents similar results than our study. Mihata et al. (25)
reported a significant height increase, 8.7 mm ± 2.6 at last
follow-up.
However, we are aware that the accuracy and reproducibility of this measurement is not ideal because of the challenges in recording X-rays of every patient using identical
angle of incidence and magnification. For future studies, it
may be wise to assess humeral head re-centring by radiographically measuring the restitution of a proper glenohumeral alignment.

This study presents multiple limits. Potential pitfalls of the
technique were identified and included mismeasurements,
insufficient filing of the greater tuberosity, incorrect anchor
placement and glenoid anchorage. Similar challenges were
identified in the few technical notes (3, 14, 30, 31). There
was no power analysis or comparative group such as a graft
with single row arthroscopic repair. We can think that
arthroscopic repair with knotless tape bridging improved
our results. Graft persistence was not assessed systematically by MRI. Complete healing was observed 50% of patients
and in 50% of patients, MRI did not reveal changes in the
porcine dermal matrix (i.e., neither recolonization nor deterioration). Using a dermal allograft, Denard et al. reported
on postoperative magnetic resonance imaging, 45% of the
grafts demonstrated complete healing (14).
There are many potential confounding factors in this series
(acromioplasty, tenotomy/tenodesis of the biceps) that can
explain our positive results. Our small series does not allow us
to carry out multivariate analyses in order to avoid these biases.
Finally, SCRs have a high failure rate (21%), we believe that
it is necessary for the patient to be informed of this particularly high risk. The patient will also be informed of the
benefits of this technique, which we will describe as minimally invasive, and of the possibility of performing a muscle
flap or reverse shoulder prosthesis without difficulty in case
of failure.

CONCLUSIONS
In this preliminary study of superior capsule reconstruction
with a porcine dermal matrix xenograft, improvements in
shoulder outcomes were showed. Despite a high rate of revisions and potential confounding factors, superior capsule
reconstruction with such porcine graft may be an effective
treatment to re-centring the humeral head with respect to
the glenoid on this selective population. A larger cohort and
longer follow-up is needed to confirm these results.
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SUMMARY
Background. Radial nerve (RN) is the largest branch arising from the brachial plexus, which supplies the extensor muscles and skin. This nerve may go for entrapment
anywhere in its course. Muscular and tendinous variations have been implicated in
various nerve entrapment syndromes along with other causes. The goal of this investigation was to observe for any connections between brachialis (BL) and brachioradialis
(BR) muscles that may compress the radial nerve or its terminal branches.
Methods. The study was performed on 84 formalin fixed human cadaveric upper limbs.
Meticulous dissection in and around the cubital region was carried out to expose the
BL, BR and the RN. The connections between the two muscles were noted and classified as muscular split type, muscular slip type and tendinous type.
Results. Exploration of the cubital region revealed connecting bridges in 24 of the
specimens (28.5% cases). 17 (20.2%) specimens exhibited split type, 6 (7.1%) specimens muscular slip type and 1 (1.2%) upper limb presented tendinous connection.
In all these cases, the connecting bridge between the two muscles was oblique and
crossed the RN.
Conclusions. The results of our study reveal that various types of connections exist
between the two muscles, contributing to the factors leading to radial nerve compression. Knowledge about this anatomical entity will be helpful in further understanding
the aetiology of radial nerve compression and in devising effective treatment.
KEY WORDS
radial nerve; radial nerve compression; radial nerve entrapment; radial tunnel syndrome

BACKGROUND
The brachial plexus gives off its biggest branch, the radial nerve (RN) in the axilla. It emerges as the continuation
of the posterior cord carrying fibres from C5-T1. Near the
elbow region, RN is related to the brachioradialis (BR) and
brachialis (BL) in the upper part and extensor carpi radialis muscle in the lower part. Here in the cubital fossa the
main RN ends to split into a superficial cutaneous branch
(SBRN) and posterior interosseous nerve (PIN), a deeper
branch which is motor. The RN provides motor innervation to the muscles of back of arm and forearm. It carries
cutaneous sensation from posterior and lateral areas of arm,
posterior part of forearm, back of the hand and back of
the lateral three and a half digits (1,2). In RN compression

above the elbow the patient may present with weakening
of extension movements at the wrist and fingers which may
result in ‘wrist drop’. In compression below the elbow only
the finger extensors may be involved. Sensory disturbances in the RN territory are observed when the main nerve
or SBRN is compromised (3). The RN can be entrapped
at any level, the most frequent site being the radial head
region to the inferior limit of supinator muscle. This narrow
region is known as the radial tunnel in which the PIN can
get entrapped as it travels through it (4). The radial tunnel
has the capsular ligament of the elbow joint posteriorly. Its
medial boundary is the BL muscle and the tendon of biceps
brachii, and the lateral boundary is made up of the extensor carpi radialis longus, extensor carpi radialis brevis and
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BR muscles (5). Thus a connection between BL and BR
would be responsible in compressing the PIN by narrowing the radial tunnel. The BL muscle is known to be fused
or connected to the BR at the origin of BR muscle (6). Here
this study was aimed to note and describe the morphological variations in the intermuscular connection between BL
and BR muscles.

MATERIALS AND METHODS
We state that this anatomical research was conducted
after obtaining ethical clearance from institutional ethical
committee and in accordance to international ethical standards, which are required by the journal as per the opinion of Padulo et al. (7) The 84 formalin fixed human cadaveric upper limbs used in the present study were from the
bodies donated to the institute for educational and research
purposes. Cadaveric research is comparable to human
subjects. The privacy and confidentiality of the donor was
maintained and the bodies were treated humanely preserving the donor’s personal values. The cadaveric oath was
taken before dissecting them. Out of the total of 84 specimens 48 were of right side and 36 were left side. Meticulous dissection was done in and around the cubital region
to expose the BL and BR muscles, connections between
these two muscles were identified and classified (figure 1)
depending on the morphology as mentioned below.
Muscular split type: BL muscle split into two, a larger medial part going for its usual insertion and the smaller lateral

Figure 1. Pictorial representation of the intermuscular
connections observed in the present study.
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part joining the BR, it was termed as muscular split type
(figure 1).
Muscular slip type: the muscle fibres arose from the lateral
aspect of BL and merged with BR (figure 1).
Tendinous type: A tendinous band without muscle fibres
connecting the two muscles (figure 1).
Further, dissection was carried out carefully deep to the
connecting bridges to reveal the RN, SBRN and PIN.

RESULTS
The study revealed a connecting bridge in 28.5% cases (24
upper limbs, 13 right and 11 left). The connection was of
muscular split type (figure 2) in 17 (20.2%) specimens (9
right and 8 left sided) and muscular slip type (figure 3) in 6
(7.1%) specimens (3 right and 3 left sided). In 1 right limb
(1.2%) the connection was tendinous (figure 4). In all cases
the connecting bridge between the two muscles was oblique
and crossed the terminal part of RN, SBRN and PIN.

DISCUSSION
Nerve entrapment syndromes occur due to a structural abnormality like anomalous muscles, fibrous bands,
tumours and bony deformities. These are responsible for
compression, traction or displacement of the nerve giving
rise to signs and symptoms of neuropathy (8). Several studies have described the different morphological anomalies
of BR muscle compressing the SBRN. SBRN may be passing between the two slips of BR (Wartenberg syndrome)
or it may be caught within the fascia covering BR (9-13).
Also, several cases of PIN entrapment have been reported
as the PIN Syndrome and RTS (radial tunnel) syndrome
(14-15). The RN and PIN can be entrapped at 5 locations,
these include the lateral part of elbow joint, fibrous margin
of extensor carpi radialis brevis, arcade of Frohse, inferior
margin of radial tunnel and leash of Henry (4,16). However, compression of the entire RN along with its branches
under a muscular/tendinous band anterior to the elbow
joint as in our study has been seldom reported. In the present study the muscular or tendinous bridge between BL and
BR crossed the main RN, SBRN and the PIN. Therefore,
this connecting band has the potential to compress all the
three nerves. And as mentioned earlier it could narrow the
radial tunnel to entrap the PIN.
Compressive neuropathy or entrapment neuropathy can
give rise to symptoms that are quite distressing to the patient.
It can result in pain, sensory abnormalities and functional deficits in the limbs. If not treated promptly it may lead
to considerable morbidity and some of these may become
permanent disabilities. To pin point the cause, finding locaMuscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 2. Right upper limb showing radial nerve entrapment by intermuscular bridge
(muscular split type) connecting brachialis and brachioradialis (BB-biceps brachii;
BL-brachialis; BR-brachioradialis; RN-radial nerve; IMB-intermuscular bridge).

Figure 3. Right upper limb showing radial nerve entrapment by intermuscular bridge
(muscular slip type) connecting brachialis and brachioradialis (BB-biceps brachii;
BL-brachialis; BR-brachioradialis; RN-radial nerve; IMB-intermuscular bridge).

Figure 4. Right upper limb showing radial nerve entrapment by intermuscular
bridge (tendinous type) connecting brachialis and brachioradialis (BB-biceps brachii;
BL-brachialis; BR-brachioradialis; RN-radial nerve; IMB-intermuscular bridge).
Muscles, Ligaments and Tendons Journal 2019;9 (4)

tion and reasoning the aetiopathogenesis of neuropathy is often difficult for
clinicians. There may be a dramatic
improvement in the patient’s condition
following the surgical decompression
of nerve entrapment. Therefore, it is a
matter of great importance to diagnose
these conditions and surgically treat
them as quickly as possible (17). The
anatomical variations should be kept
in mind during the surgical procedures of the radial tunnel to prevent
the postoperative complications (18).
Entrapment neuropathy of branches
of RN at the level of the elbow joint
is a rare entity as compared to the
entrapment neuropathies of ulnar and
median nerves (4,17). The reported
incidence of RTS as quoted by Weitbrecht and Navickine was 1% (19).
However, compression of radial nerve
and its terminal branches should be
considered as the diagnosis when
symptoms like pain around the elbow
joint, show no relief following the
conservative treatment or whenever
there is progressive weakness in wrist
extension. These connecting muscular
bands observed in this study and the
fact that they cross the radial nerve,
may compress the nerve, especially
during movements of the elbow and
radio-ulnar joints. In a clinical setup,
electrophysiological evaluation may
help in the identification of location of
compression (20).
The nerve entrapment syndrome is
a neuropathy, which can be due to
structural abnormalities like anomalous muscles and tendons (21). The
strength of the present study is that,
it describes 3 different morphological
intermuscular connections between
BL and BR, which are entrapping the
radial nerve. These observations will
definitely have implications in clinical setting and radiologic interpretation including ultrasound diagnosis.
The application of high-resolution
ultrasound in peripheral nerve entrapment is becoming popular in western
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nations (22, 23). The portable ultrasound machines are
less expensive in comparison to MRI machine and can be
performed by non-radiologists as well (24), hence the cost is
very economical to the patient. However it is a known fact
that MRI gives better observation of the soft tissue. During
the ultrasound, the nerve can be identified as honeycomb
appearance, which differentiates it from the adjacent soft
tissue. The nerve gives more echo to the adjacent muscle
and less to the adjacent tendon (22). It is believed that if the
radiologist has prior knowledge about the adjacent anomalous muscles and tendons, it will help in more accurate
interpretation.
The present study has few limitations like the gender based
analysis, which could not be done. Here we involved disarticulated upper extremities and the gender of the cadaver
was not noted. Also, the measurements of the intermuscular
connections and the radial nerve underneath them were not
included. The further course of the radial nerve in relation
to the supinator muscle is not studied. These details have
implications in understanding the radial tunnel syndrome,
where the nerve entrapment happens in the arcade of
Frohse (22). The relation of radial nerve and supinator
muscle is very important because the commonest structural
entrapment neuropathy of radial nerve is compression by
the superficial fibers of supinator. These can be considered

as the potential limitations of the present study and opens
up new avenues for further research.

CONCLUSIONS
The insight of such anatomical muscular variations is
important for orthopaedic and plastic surgeons dealing
with upper limb surgeries. Any operative procedure for RN
entrapment should include a meticulous exploration of the
RN and the structures around it where it crosses the elbow
joint. Any aberrant muscular, tendinous or fibrous band
found connecting the BL and BR muscles should be considered as the reason for compressing the nerve. The excision
surgery should be carried out in these muscular variations
to decompress the nerve. Caution has to be taken to avoid
injuries to the underlying nerves.
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SUMMARY
Background. Lateral epicondylitis, or tennis elbow, is the prevalent cause of elbow
pain among adults. Collagen injections are used to treat different musculoskeletal
disorders. Type I porcine collagen has proved to enhance tendon repair in vitro. Aims
of the present pilot study were to verify the effects of type I porcine collagen injections
on pain and disability in patients with tennis elbow and therefore to check if there are
grounds for carry out a randomized controlled trial.
Methods. Fifty patients, who have been suffering lateral epicondylitis for at least 6
months, were treated with a series of 5 type I porcine collagen injections, at weekly
intervals. The Patient-Rated Tennis Elbow Evaluation questionnaire was employed to
verify the effects of collagen injections at 1-month and 3-month follow-up.
Results. As regards the baseline, the total score showed an average reduction of 57%
(55% in terms of pain and 58% in terms of function) at 1-month follow-up and an
average reduction of 66.1% (68.9% in terms of pain and 63.2% in terms of function)
at 3-month follow-up. The results were statistically significant (p<0.05) according to
the Kruskal-Wallis test.
Conclusions. Up until now there were no studies about treatment of tennis elbow
with collagen injections. Compared to other regenerative injection therapies, collagen
injections seemed to be one of the most effective and fast-acting. The positive findings
of this pilot study can be the bases for conducting clinical trials with higher level of
evidence.
KEY WORDS
collagen; injections; lateral epicondylitis; tendinopathy; tennis elbow

BACKGROUND
Lateral epicondylitis (LE), also known as tennis elbow, is a
frequent painful syndrome of the elbow, due to tendinopathy of the common extensor tendon at the lateral epicondyle of the humerus (1). The prevalence of LE in adults
is between 1% and 3%; it occurs most frequently in the
fourth and fifth decades of life, with no gender-related
predisposition. As regards etiopathogenesis, causes are not
always clearly identified (2). However, the main risk factors
are well known: old age, high Body Mass Index (BMI), high
total cholesterol levels, previous rotator cuff disease, De
Quervain’s disease, carpal tunnel syndrome, smoking, and
low social status (3). LE is often associated with activities
involving repetitive movements, such as grabbing objects,
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wrist extension, forearm supination or pronation. The most
involved muscles in the pathogenesis of LE are the extensor
carpi radialis brevis (ECRB), then the supinator and other
extensor muscles such as the extensor carpi radialis longus
(ECRL), extensor digitorum (ED), extensor digiti minimi
(EDM) and extensor carpi ulnaris (ECU). Despite the name
with which this pathology is known, only 5-10% of patients
with lateral epicondylitis actually play tennis (4).
Considering the absence of any inflammatory process in the
LE histology findings, the inflammation theory of the disease
has been fully rejected (5). At this stage, the majority of the
authors consider LE as a degenerative process triggered by a
single trauma or several repetitive microtrauma (6). Nirschl
first described the LE pathogenesis as angiofibroblas-
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tic proliferation, in which tendons exhibit hyperactivity of
fibroblasts, vascular hyperplasia and unstructured collagen
fibers (with loss of the physiological compactness and orientation) (7). More recently, it has been shown that LE tendinosis is characterized by the variability in tendon cell density,
the extracellular matrix alteration, the presence of chondroid-like proteins, and the increase of water in the tendon
structure. Moreover, an increase in matrix metalloproteinases has been described together with anarchic neovascularization and sprouting of small nerve fibers with receptors for
substance P in areas that are physiologically almost entirely
deprived of them (8). Another histological feature of LE is
the reduction of type I collagen within the tendon structure.
Type I collagen is gradually replaced by type III collagen,
which shows reduced fiber cross-linking and consequent
change of the structure of collagen fibrils (chaotic and not
linear anymore). Therefore, the tendon will have less resistance to stresses and will be more susceptible to injuries (9).
The above-mentioned histological findings are progressive
and lead slowly to clinical symptoms, which are, by the way,
quite heterogeneous. Mostly patients refer a pain anteriorly or above the lateral epicondyle of the elbow. The pain
typically radiates towards the bellies of forearm extensor
muscles. Pain may be intermittent, persistent but mild, or
severe with functional disability. Often the pain’s trigger is
the contraction of carpal and digital extensor muscles.
There are several clinical tests for the diagnosis of LE:
Maudley’s test, Thomson’s manoeuvre, the chair lift test and
the hand-grip strength evaluation. Imaging can be of use
for the diagnosis of LE, above all ultrasounds and Magnetic Resonance (10). The electrodiagnostic evaluation of the
posterior interosseous nerve and the elbow X-ray can play
an important role in the differential diagnosis (5).
Despite the high prevalence of LE, there is still no agreement
about treatment. Following limitation of physical activities
and analgesic drugs use, a spontaneous remission of the
disease may occur. In the event of symptoms persistence,
several treatments are available, both conservative and
surgical. The aim of the surgical treatment is the debridement of the angiofibrotic tissue produced during the tendon
degenerative process and, eventually, the injured tendons
reconstruction. LE conservative treatment includes: rest,
physical therapy, braces, medicated plaster (11), Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), Extracorporeal Shock-Wave Therapy (ESWT), percutaneous radiofrequency lesioning, laser therapy, acupuncture, and injection
therapy (12). Several injection therapy options are available
and described in the medical literature, including injection
of: corticosteroids, hyaluronic acid (HA), botulinum toxin,
platelet-rich plasma (PRP), tenocyte-like cells derived from
cutaneous fibroblasts, and stem cells derived from autoloMuscles, Ligaments and Tendons Journal 2019;9 (4)

gous adipose tissue (12). These injection treatments have
shown variable effectiveness and have some criticalities. For
example, corticosteroids are useful in the short term, but
useless in the long term; PRP or autologous stem cells are
expensive and not easy to use.
Collagen injections are used to treat different musculoskeletal disorders (13-15). However, to date no studies on the
effectiveness of collagen injections in treating tennis elbow
have been published. Biological rationale for the use of
type I porcine collagen injections in the treatment of LE
was based on the results of the 2018 study by Randelli et al.
(16), who stated that type I porcine collagen could induce
in tenocytes an anabolic phenotype by stimulating tenocyte
proliferation and migration and type I collagen synthesis,
maturation, and secretion, thus favoring tendon repair.
The aims of this pilot study were (a) to evaluate the effects
of a series of 5 collagen injections (once a week) on pain and
disability in a group of patients who have been affected by
LE for at least 6 months, and consequently, (b) to investigate
whether crucial components of a randomized controlled
trial (RCT) will be feasible.

MATERIALS AND METHODS
This is a prospective observational pilot study and was
carried out at Federico II University Hospital in Naples,
Italy, Department of Rehabilitation and Orthopedics. The
subjects were all outpatients and we enrolled them from
January 2017 to October 2018. All the patients who referred
symptoms of LE was evaluated to verify the criteria for the
enrollment. The inclusion criteria were: (a) age >18 years,
(b) clinical symptoms of LE for at least 6 months, (c) lack of
therapy in the last 6 months, (d) pain triggered by pression
on lateral epicondyle (on proximal insertion of the common
extensor tendon), (e) positive Maudley’s test and Thomson’s
manoeuvre, (f) absence of bone lesions on plain X-ray. The
exclusion criteria are listed in table I. After a full and clear
description of the study protocol, all patients enrolled were
invited to sign the informed consent. The study was carried
out in accordance with the principles of the Declaration of
Helsinki and meets the ethical standards of the journal (17)
and of the local ethics committee as well.
We enrolled 50 patients, of which 33 males and 17 females,
with an average age of 52.25 ± 13.25 years. For the treatment
we planned five injections of 2 ml porcine type I collagen,
once a week. Injections were performed using the palpatory
technique at the level of the proximal insertion of the wrist
and fingers extensor tendons on the lateral epicondyle. The
palpatory technique has proved to be accurate (18) and with
the same effectiveness of the echo-guided method (19). No
other treatment has been associated with collagen injections.
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Table I. Exclusion criteria.
Traumatic elbow injuries in the previous 6 weeks
Elbow instability
Previous surgery of the elbow
Any other pathology affecting the same arm
Cervicobrachial pain syndrome
Contraindications to injection therapy
Any other therapy for epicondylitis in the last 6 months
Hemorrhagic diathesis or anticoagulant therapy
Local or systemic infections
Diabetes or autoimmune diseases
Obesity (Body Mass Index ≥ 30)
Definite chronic hyperglicemia (HbA1c ≥ 6.5%)
Hypercholesterolemia (total cholesterol levels ≥ 240 mg/dL)
Definite hypertension (SBP ≥ 140 mmHg or DBP ≥ 85 mmHg)
Pregnancy or feeding time
Psychiatric disorders

Patients were evaluated at the time of enrollment (T0), and
one month (T1) and three months (T2) after the last injection by means of the Patient-Rated Tennis Elbow Evaluation (PRTEE) questionnaire. The PRTEE was introduced in
clinical practice by MacDermid in 2005 (20). It is a self-compiled 15-item questionnaire that assesses pain and disability in patients with tennis elbow. The PRTEE consists of
2 subscales: pain (5 items) and function (10 items). The
function subscale, in its turn, includes usual activities (4
items) and specific activities (6 items). Each item has a score
between 0 (no pain or disability) and 10 (the worst possible
pain or complete disability). The total score goes from 0 to
100, with the highest scores indicating the worse situation
in terms of pain and disability. Pain and function are equally
represented in the score. The PRTEE questionnaire is highly reliable, reproducible and sensitive (21). In the present
study we used the 2012 Italian version of the PRTEE questionnaire (22).

RESULTS
The Kruskal-Wallis test and the Dunn’s post-hoc analysis
were employed for the statistical analysis. The confidence
interval was established at 95% (p <0.05). Both the average total score on the PRTEE questionnaire and the average scores of the pain and function subscales have been
taken into consideration. At the time of enrollment (T0)
the average scores of the PRTEE questionnaire were: (a)
total score 68.42 ± 16.50, (b) pain score 35.6 ± 7.57, and (c)
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function score 32.82 ± 9.96. At T1 follow-up (1 month after
last injection) the scores were: (a) total score 29.74 ± 16.95,
(b) pain score 15.9 ± 8.9, function score 13.84 ± 9.33. At T2
follow-up (3 months after last injection) the scores were: (a)
total score 23.17 ± 13.68, (b) pain score 11.08 ± 6.08, function score 12.09 ± 8.9. The Kruskal-Wallis test provided
very strong evidence (p = 0.000) for all the three variables
analysed (pain score, function score and total score). The
Dunn’s post-hoc tests were carried out in order to analyse
the differences between the three pairs of groups (T0-T1,
T0-T2, and T1-T2) for each variable. There was always
very strong evidence (p = 0.000) of a difference between
the group T0 and the group T1 and between the group T0
and the group T2. By contrast, there was never evidence
of a difference between the group T1 and the group T2 (p
> 0.05). As regards the score’s variations between T0 and
T1, we observed a 55% reduction in the pain score, a 58%
reduction in the function score, and a 57% reduction in the
total score. Finally, with reference to the score’s variations
between T0 and T2, a 68.9% reduction in the pain score, a
63.2% reduction in the function score and a 66.1% reduction in the total score were registered. No adverse event
has been described after collagen injections, except for
some cases of burning sensation at the injection site which
resolved spontaneously in a few hours.
All the results are summarized in figures 1, 2 and 3.

DISCUSSION
LE is the most frequent cause of elbow pain in adults and,
from the etiological point of view, it can be defined as an
angiofibroblastic tendinosis. Currently there isn’t a consensus regarding the treatment of LE. Many conservative therapeutic approaches have been proposed, both systemic and
local, but until now, few of them have valid clinical evidence.
Injection therapy is one of the most studied therapeutic approach. This treatment allows the drug to reach the
tendon directly, increasing drug effectiveness and reducing
systemic side effects. In the recent literature some drugs have
proved to be particularly effective in treating LE if administered by infiltration: HA, PRP, dextrose (prolotherapy), high
volume 0,9% saline solution and botulinum toxin.
At this stage there aren’t in literature studies about collagen injection in the treatment of LE. Therefore, in this pilot
study we wanted to evaluate the collagen injection therapy
in a cohort of 50 subjects affected by tennis elbow (5 injections, once a week, of type I porcine collagen). The results
were evaluated by administering the PRTEE questionnaire,
before the first injection, and one month and three months
after the last injection. We observed a 57% reduction in the
PRTEE total score at T1 follow-up (55% in the PRTEE
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 1. PRTEE function subscale score at baseline (T0), and 1 month (T1) and 3
months (T2) after the last injection.

Figure 2. PRTEE pain subscale score at baseline (T0), and 1 month (T1) and 3
months (T2) after the last injection.

Figure 3. PRTEE total score at baseline (T0), and 1 month (T1) and 3 months (T2)
after the last injection.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

pain score and 58% in the PRTEE
function score, respectively). Finally, three months after the last injection, the PRTEE total score achieved
a 66.1% reduction (68.9% as regards
the pain score and 63.2% as regards
the function score).
Since there are no studies on this topic
in the literature, we cannot make a
direct comparison.
However, it seemed appropriate to
compare our results with other studies
in which the effectiveness of regenerative injection therapies has been evaluated, such as the injection of hypertonic dextrose and sodium morruate
(prolotherapy), the injection of HA
and chondroitin sulfate (CS), and
finally the injection of PRP associated with a scaffold of human collagen.
All the considered studies used the
PRTEE questionnaire for the evaluation of results. Therefore, we could
make the comparison.
Rabago et al. in 2013 carried out a
randomized controlled trial in order
to test the effectiveness of injection
of hypertonic dextrose and sodium morruate (prolotherapy) in the
treatment of tennis elbow (23). Nine
patients were treated with prolotherapy and the results were compared
with those obtained in a homogeneous
control group treated with the “waitand-see” approach. The average total
score of the PRTEE questionnaire in
the treated group was reduced by 5.2%
after 4 weeks, by 23.8% after 6 weeks,
by 53.5% after 16 weeks and by 74.9%
after 32 weeks. The differences with the
results obtained in the control group
were statistically significant at 6 and at
12 weeks, while no statistically significant differences were found at 4 weeks.
The control group did not carry out the
follow-up evaluation at 32 weeks.
In their 2015 prospective randomized
controlled trial, Tosun et al. evaluated
the effects of a single HA + CS injection
in 25 patients with LE and compared
the results with a single cortisone +
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anesthetic injection (control group)(24). In the treated group
the authors reported a 51.35% of mean total score reduction
after 3 months and a 61.72% after 6 months. The difference
between the two groups was statistically significant only at
the third month follow-up evaluation.
In a recent paper (2019), Farkash et al. showed good results
in LE treatment with a single PRP injection plus a scaffold
of human collagen (25). Forty patients were enrolled and
the results showed a 34% reduction in the average score at 1
month and a 59% at 6 months, compared to baseline values.
We can compare our results at 1-month follow-up with
those achieved in the studies by Rabago and Farkash.
In the aforementioned trials we can see an average total
score reduction of 5.2% and 34%, respectively, while in
our cohort study we obtained a reduction of 57%. In his
study, Tosun described a 51.35% reduction after a 3-month
follow up. This result is lower than the one obtained in
our sample after the same time of follow-up (66.1%). We
underline that the 5 collagen injections, proposed in our
therapeutic approach, have obtained better results at 1
month than the single injection of dextrose + morruate and
PRP + collagen scaffold (higher difference in the first and
less in the second case) and at the same time our protocol

showed greater effectiveness than a single HA + CS injection after a 3-month follow-up.
The present study has several limitations: (a) a relatively
small sample, (b) the lack of a control group, (c) the LE
diagnosis based solely on history, physical examination
and X-ray, and (d) the use of a subjective evaluation tool.
However, it should be emphasized that this is a pilot study,
and its objective was to evaluate the feasibility of a subsequent randomized controlled clinical trial. To date indeed,
this is the first study in the literature on the effectiveness of
collagen injection therapy in tennis elbow.
In conclusion, this pilot study has shown that a series of
5 collagen injections, at weekly intervals, is able to reduce
significantly pain symptoms and improve the function
in a very short time (1 month), in a group of 50 patients
with LE. Moreover, we stated that the good results further
increase two months later. Therefore, we can conclude that
there are grounds for carrying out a RCT to confirm our
preliminary data.
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SUMMARY
Background. This placebo-controlled, double-blind study evaluated the short-term effects of betamethasone valerate (BMV) 2.25mg medicated plaster in patients with chronic lateral elbow tendinopathy (LET).
Methods. Adult outpatients with LET and on-movement pain intensity ≥50 mm at a 0-100mm
visual analogue scale (VAS) were randomised to receive BMV (N=101) or placebo (N=98), 12
hours/day for 4 weeks. Pain decrease from baseline to Day 28 was the primary endpoint. Other
endpoints were: patient-rated tennis elbow evaluation (PRTEE), use of rescue paracetamol, tolerability at the application site.
Results. Decrease in mean pain VAS from baseline to Day 28 was significantly higher with BMV
vs. placebo: the difference between groups (intent-to-treat) was -8.57 mm (95% CI: -16.19 to
-0.95 mm; p=0.028). Higher pain decreases in the BMV group over placebo were reported weekly during each control visit and daily in patients’ measurements on diaries. Treatment with BMV
also led to higher decreases vs. placebo in PRTEE total, pain and functional disability score. Use
of paracetamol was minimal. BMV plaster was well tolerated for general and local adverse events.
Conclusions. BMV 2.25mg plaster was superior to placebo and well tolerated in patients with painful chronic LET.
KEY WORDS
betamethasone valerate; lateral elbow tendinopathy; pain relief; PRTEE
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BACKGROUND
Primary disorders of tendons are common and account
for a high proportion of referrals to rheumatologists and
orthopaedic surgeons (1). The current evidence suggests
that several proinflammatory agents may play a role in the
development of tendon disorders, which include cytokines,
proteolytic enzymes, growth factors and neuropeptides (2).
However inflammation and degenerative changes often
coexist in the course of tendon disorders and their relative
contributions are difficult to dissect (3).
Lateral elbow tendinopathy (LET), or “tennis elbow,” is a
common painful musculo-tendinous degenerative disorder
at the lateral humeral epicondyle, which is likely caused by
repetitive occupational or athletic activities involving wrist
extension and supination (4). LET affects middle-aged men
and women in similar rate, and it is estimated that approximately 40% of people will experience this condition, with a
reported point prevalence of up to 3% in the general population (5).
Corticosteroid injections are widely used for LET treatment
and strong evidence suggests that they are beneficial in the
short term for treatment of tendinopathy (6) but injection
into the tendon might weaken its structure and increase
probability of rupture, and cause other minor complications
such as post-injection pain and subcutaneous atrophy (7, 8).
Thus, the development of topical formulation of corticosteroids, which can maintain efficacy while minimizing adverse
effects and discomfort due to intra-articular injection, might
represent a therapeutic advance in the treatment of symptomatic tendinopathies. Studies using topically-applied
steroids treatment have demonstrated their efficacy as pain
reliever in tendon disorders (9, 10), including LET (11).
Among the currently available topical corticosteroids, betamethasone valerate (BMV) is largely used for the treatment
of severe inflammatory disorders. IBSA Institut Biochimique
S.A. has developed a medicated plaster containing 2.25 of
BMV at a 0.1% concentration of the corticosteroid in the
adhesive layer. This BMV medicated plaster is marketed in
several European countries in the treatment of inflammatory skin disorders which do not respond to treatment with
less potent corticosteroids, such as eczema and psoriasis,
lichenification, lichen planus, granuloma annulare, palmoplantar pustulosis and mycosis fungoides (12).
In a phase II, placebo-controlled study (13), 102 patients
with chronic LET and chronic Achilles tendinopathy were
randomised to receive two different dose regimens (i.e., 12
or 24 hours of application/day) of BMV 2.25 mg medicated
plaster over a maximum period of 4 weeks. The active plaster
was effective and superior to placebo in pain relief, without
significant difference between the two treatment regimens.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Based on the findings of the Phase II study and taking
into consideration a trend toward a better local tolerability observed with the use of the 12-hour application, this
regimen has been considered as the most appropriate for
further development. LET has been chosen as the elective
indication due to its higher prevalence compared to the
other type of symptomatic tendinopathy (e.g. Achilles tendinopathy), which was also included and positively assessed
in the phase II study.
The objective of this study was to evaluate the short-term
efficacy of BMV 2.25 mg medicated plaster applied 12
hours/day for 4 weeks, as compared to placebo plaster,
in reducing pain and functional disability in patients with
chronic LET.

MATERIALS AND METHODS
The study population included outpatients of either sex
aged ≥ 18 years with chronic (i.e. for ≥12 weeks) symptomatic lateral elbow tendinopathy. To be eligible for study
participation, patients were required to have a pain intensity ≥ 50 mm on a 0-100 mm Visual Analogue Scale (VAS)
as perceived on a standardized movement (according to
Cozen’s or Mill’s test).
Patients with any of the following conditions were excluded from the study: use of non-steroidal anti-inflammatory
drugs (NSAIDs), opioids or narcotic analgesics in the last 7
days; local injections of corticosteroids for the tendinopathy
in the last 6 months or for any other conditions in the last
months; use of systemic corticosteroids in the last month;
use of physiotherapy (except for cold or hot patch application and/or use of braces for casting), electro-medical
Tecar therapy, laser therapy or iontophoresis in the last 3
months; history of fractures or ruptures of tendon or surgical treatment in the affected area; presence of skin lesions or
dermatological diseases in the affected area that could interfere with the application of the plaster; history of musculoskeletal, neurological disorders or other systemic diseases
potentially affecting the outcome of the study; pregnancy or
breast-feeding.
The study was conducted according to a phase III, randomized, double blind, parallel-group, placebo-controlled
design. The study plan included a screening/randomisation visit (Day 1), three follow-up visits on a weekly basis
(Days 4, 14 and 21) and a final visit at Day 28. Visits were
performed in the morning at approximately the same time
of the day.
Eligible patients were randomised to receive 2.25 mg of
BMV medicated plaster (IBSA Institut Biochimique S.A.) or
matched placebo, topically applied once a day for 4 weeks
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on the most painful area of the lateral epicondyle. Patients
renewed the plaster application in the morning of each day,
approximately at the same time of the day, and removed
the plaster in the evening, approximately 12 hours after. An
elastic loose net was supplied to keep the plaster adhered to
the skin. However, the use of any kind of occlusive bandage
over the entire medicated plaster was forbidden. Subjects
were instructed to take their shower/bath during the treatment-free period, and to carefully dry the to-be-treated skin
area before any new plaster application.
During the entire study period, NSAIDs, local (intra-tendinous or intra-articular injections) or systemic corticosteroids, physiotherapy, electro-medical Tecar therapy, laser
therapy, iontophoresis, manipulation and acupuncture were
not permitted.
The primary efficacy endpoint of the study was the pain
decrease from baseline to Day 28, as scored by the patient
using a 0-100 mm VAS (0 = no pain, 100 = worst imaginable
pain) while performing the standardized movement. The
secondary efficacy endpoints were: pain decrease at Day 7,
14 and 21; patient-rated tennis elbow evaluation (PRTEE)
score;14 sum of pain intensity difference (SPID) defined
as the sum of differences from baseline to any followup visit; morning, evening and mean daily pain based on
daily patients’ diary of VAS; patient’s self-perceived level of
improvement based on a 6-points Likert scale (completely recovered/much improved/improved/no change/worse/
much worse); rate of success (i.e. completely recovered or
much improved as defined above) at Day 28; use of rescue
medication, i.e. paracetamol (dose and rate of users).
Safety parameters were: treatment-emergent adverse events
(TEAEs) and vital signs (heart rate and blood pressure).
Skin irritation at the plaster application site was scored
using a 5-point scale: 0=none, i.e. no evidence of irritation;
1=mild, i.e. presence of minimal erythema, barely perceptible; 2=moderate, i.e. presence of definite erythema, readily visible or minimal oedema or minimal papular response;
3=severe, i.e. presence of one or more of the following signs:
erythema and papules; definite oedema; erythema, oedema,
and papules; vesicular eruption; 4=very severe, i.e. presence
of a strong reaction spreading beyond the application site.
Presence of skin atrophy at the plaster application site was
assessed by the investigator at least 20 minutes after the plaster removal using a 5-point scale: 0=no change from normal
skin; 1=slight increase in skin transparency; 2=moderate
increase in skin transparency and presence of telangiectasia
just visible with the naked eye; 3=marked skin thinning and
increase in transparency, with marked telangiectasia; 4=very
severe thinning of the skin with vasculature appearing to
be directly under the surface and very severe telangiectasia with large blunt vessels. The study protocol, the patient
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information leaflet and the informed consent document
were first submitted to and approved by the reference Independent Ethic Committee (IEC) of the coordinating centre
(Unit of Orthopaedics and Traumatology, General Hospital,
Legnano - MI, Italy) and were then approved by the reference IEC of each investigational study site prior to the start
of any study-related procedure. Patients gave their written
informed consent to study participation. The study met the
ethical standards of the Muscle, Ligaments and Tendons
Journal (15).
The sample size calculation was based on the results of the
previous phase II study (Frizziero et al, 2016) (13) in which
the mean difference observed between BMV and placebo in pain reduction at 28 days ranged between 16 and 19
mm depending on the plaster dose regimen and application duration (12 or 24 hours daily). In this study, it was
hypothesized that a sample size of 86 patients in each group
would have had a 90% power to detect a difference of 15
mm between BMV and placebo in mean pain reduction at
Day 28, assuming a standard deviation (SD) equal to 30 mm
and using a two group t-test with a 0.05 two-sided significance level.
All statistical analyses and data processing were performed
using SAS® Software release 9.2 for Windows (SAS Institute, Inc., Cary, North Carolina, USA). All efficacy variables
were analysed in the intent-to-treat (ITT) population, which
included all randomised patients. Analysis of the primary
efficacy endpoint was repeated in the per-protocol (PP)
population, which included all ITT patients who completed the treatment without any major protocol deviation and
those patients who interrupted prematurely the treatment
due to specific reasons such as lack of efficacy of study drug
or adverse drug reactions (ADRs). The analysis of safety
endpoints was performed in the safety population, which
included all randomized patients who received at least one
dose of study medication.
At each post-baseline visit, mean and SD of the change from
baseline in pain VAS score were calculated with the relative 95% confidence interval (CI). The comparison between
groups was performed with an analysis of covariance
(ANCOVA) model with change from baseline as dependent
variable, treatment and centre as fixed effects, and baseline
value as covariate. The same ANCOVA model was used
for the comparison between groups in SPID and PRTEE
questionnaires scores. The comparison between treatment
groups in weekly means of diary pain values (daily, morning and evening) was performed using a mixed model for
repeated measures (MMRM) with the change from baseline
at each inter-visit period as dependent variable, treatment
and treatment*visit interaction as fixed effects and baseline,
centre and baseline*visit interaction as covariates.
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A Chi-square test was used for the
comparison between groups of
proportion of successes, incidence of
adverse events, and severity scores of
skin irritation and skin atrophy. The
comparison between groups in total
dose and mean daily dose of rescue
medication was performed using an
analysis of variance (ANOVA) model.
The last observation carried forward
(LOCF) method was applied for missing values in all analyses that required
complete patient data (ANCOVA
models).

Table I. Demographic and baseline characteristics of patients (ITT population).
BMV 2.25 mg
N=101

Placebo
N=98

Total
N=199

Mean (SD)

49.4 (11.0)

49.9 (9.6)

49.7 (10.3)

Median (range)

50.0 (23-77)

50.5 (23-76)

50.0 (23-77)

Male

52 (51.5%)

53 (54.1%)

105 (52.8%)

Female

49 (48.5%)

45 (45.9%)

94 (47.2%)

100 (99.0%)

97 (99.0%)

197 (99.0%)

1 (1.0%)

1 (1.0%)

2 (1.0%)

24.99 (3.503)

25.00 (3.701)

24.99 (3.593)

Age (years)

Sex, N (%)

Ethnic origin, N (%)
Caucasian

RESULTS
A total of 200 patients were screened
in 16 Orthopaedic sites in Italy and 199
were randomized to the assigned treatment: 101 patients were randomised to
receive BMV and 98 were randomised
to placebo. One patient was a screening failure. Eight (7.9%) patients in the
BMV group and 8 (8.2%) patients in
the placebo group prematurely discontinued the study; consent withdrawal
was the primary reason for discontinuation (7 and 3 patients, respectively in
the two groups).
Fifteen patients (8 in the BMV group
and 7 in the placebo group) did not
complete the treatment period or had
major deviation from the protocol and
were therefore excluded from the PP
population (93 and 91 patients, respectively in the two groups).
Demographic and characteristics at
baseline, including pain intensity and
PRTEE scores, were comparable in
the two groups (table I) except for a
longer time since first symptoms in the
BMV group compared to the placebo
group.
Figure 1 shows the results of pain VAS
in the ITT population. The decrease
from baseline in mean VAS score was
higher in the BMV group than in the
placebo group at any post-baseline
time point. The difference between
adjusted mean changes from baseline

et. al.

Asiatic
BMI (kg/m )
2

Mean (SD)
Median (range)

24.93 (18.71-34.29)

24.82 (17.57-40.56) 24.91 (17.57-40.56)

Affected elbow, N (%)
Left

31 (30.7%)

35 (35.7%)

66 (33.2%)

Right

70 (69.3%)

63 (64.3%)

133 (66.8%)

62.9 (93.8)

42.0 (54.7)*

52.7 (77.7)

28.0 (12-521)

24.0 (13-349)

25.5 (12-521)

70.1 (10.7)

67.9 (11.1)

69.0 (10.9)

69.0 (52-100)

67.0 (50-98)

68.0 (50-100)

58.2 (15.9)

59.0 (15.9)

58.6 (15.9)

58.5 (24-100)

61.0 (18-87)

59.0 (18-100)

29.8 (7.9)

29.3 (8.0)

29.5 (7.9)

29.0 (13-50)

30.0 (9-44)

30.0 (9-50)

Duration of tendinopathy (weeks)
Mean (SD)
Median (range)
Pain evaluation (VAS)
Mean (SD)
Median (range)
PRTEE total score
Mean (SD)
Median (range)
PRTEE Pain score
Mean (SD)
Median (range)

PRTEE Functional Disability score
Mean (SD)

28.4 (9.1)

29.7 (8.8)

29.0 (9.0)

Median (range)

29.0 (8-50)

30.8 (9-47)

29.5 (8-50)

N = number of patients
*One patient had missing value
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*p<0.05 between groups

Figure 1. Results of pain VAS. Data are mean changes from baseline with SD in bars.

to Day 28 in the BMV (-32.47 mm; 95% CI: -37.96 to -26.98 mm) and in the
placebo group (-23.90 mm; 95% CI: -29.47 to -18.33 mm) was -8.57 mm (95%
CI: -16.19 to -0.95 mm) and was statistically significant (p=0.028), in favour of
BMV. The comparison between groups at the other time points showed that the
difference between adjusted means of BMV and placebo at Day 21 was -8.00
mm (95% CI: -14.80 to -1.20 mm) and was statistically significant (p=0.021), in
favour of BMV, whereas the difference between groups at Day 7 and Day 14 was
not statistically significant. In the PP population, the difference between adjusted means of BMV -33.68 mm (95% CI: -39.28 to -28.08 mm) and placebo -23.24

*p<0.05 between groups

Figure 2. Results of PRTEE total score, pain score and functional disability score.
Data are mean changes from baseline to Day 28, with SD in bars.
594

mm (95% CI: -28.94 to -17.55 mm)
was -10.44 mm (95% CI: -18.22 to
-2.65 mm) and was statistically significant (p=0.009), in favour of BMV.
The mean decrease in PRTEE total,
pain and functional disability scores
from baseline to Day 28 were higher
in the BMV group than in the placebo group (figure 2). The difference
between BMV and placebo in adjusted mean changes from baseline to Day
28 was -5.689 mm (95% CI: -11.73 to
0.35 mm; p=0.065) for PRTEE total
score, -3.085 mm (95% CI: -6.13 to
-0.04 mm; p=0.047) for PRTEE pain
score and -2.48 mm (95% CI: -5.63 to
0.67 mm; p=0.122) for PRTEE functional disability score.
The adjusted mean SPID was 789.37
mm (95% CI: 652.02 to 926.02 m) in
the BMV group and 613.39 mm (95%
CI: 474.06 to 752.72 mm) in the placebo group. The difference between
adjusted means of BMV and placebo
was 175.98 mm (95% CI: -14.70 to
366.65 mm; p=0.070).
The results of mean daily pain, morning pain and evening pain (figure 3),
as measured by patients on the daily
diary, showed higher decreases from
baseline in the BMV group than in
the placebo group at any post-baseline
time interval. Statistically significant
differences between groups, in favour
of the BMV group, were observed at
Day 15-21 (p=0.013) and Day 22-28
(p= 0.014) for mean daily pain, Day
8-14 (p=0.043), Day 15-21 (p=0.008)
and Day 22-28 (p=0.008) for morning
pain, and Day 15-21 (p=0.021) and
Day 22-28 (p=0.025) for evening pain,
as well as in the overall study period
for mean daily pain, morning pain and
evening pain.
A better perception of level of
improvement was reported in patients
in the BMV group compared to those
in the placebo group. At Day 28,
rates were completely recovered in 8
(7.9%) patients, much improved in
29 (28.7%), improved in 29 (28.7%),
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*p<0.05, **p<0.01 between groups

Figure 3. Results of weekly means of daily pain, morning pain and evening pain.
Data are mean values with SD in bars.
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no change in 25 (24.8%) and worsened in 3 (3.0%) patients in the BMV
group, and were completely recovered in 5 (5.1%) patients, much
improved in 22 (22.4%), improved in
25 (25.5%), no change in 35 (35.7%)
and worsened in 3 (3.1%) patients
in the placebo group. Success at
end of treatment was reported by 37
(36.6%) patients in the BMV group
and 27 (27.6%) in the placebo group
(p=0.183 between groups).
Thirty-one (30.7%) patients in the
BMV group and 31 (31.6%) in the
placebo group used rescue medication during the study. The mean (±
SD) total number of used tablets of
rescue medication was 2.50 ± 6.27 in
the BMV group and 3.38 ± 11.06 in
the placebo group (p=0.488 between
groups) and the mean (± SD) daily
number of used tablets of rescue
medication was 0.09 ± 0.21 and 0.11
± 0.37, respectively in the two groups
(p=0.499 between groups).
TEAEs were reported in 17 (16.8%)
patients in the BMV group and in 16
(16.3%) patients in the placebo group.
None was serious, and ADRs (i.e. treatment-related TEAEs) were reported
in 4 (4.0%) and 3 (3.1%) patients,
respectively in the two groups (table
II). Local adverse effects at the site
of plaster application were the most
common ADRs. One patient in the
BMV group (palpitation) and 2 in the
placebo group (hypertension in one
patient and application site erythema
and pruritus in the other one) discontinued the study due to adverse events.
Table III shows the results of skin
irritation and skin atrophy in the two
groups. There was no evidence of skin
irritation or skin atrophy following
treatment with BMV. The skin irritation score was equal to 0 (none, i.e.
no evidence of irritation) in the vast
majority (> 90%) of patients in both
groups at any post-baseline time point,
as well as the vast majority (> 90%)
of patients in both groups reported a
595
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Table II. Summary of treatment-emergent ADRs by system organ class (SOC) and preferred term (PT) according to MedDRA
(safety population).
BMV
(N=101)

SOC and PT
Any ADR
Cardiac disorders
Palpitations
Tachycardia

Placebo
(N=98)

N (%)

No. of ADRs

N (%)

No. of ADRs

4 (4.0%)

7

3 (3.1%)

4

1 (1.0%)

2

0 (0.0%)

0

1 (1.0%)

1

0 (0.0%)

0

1 (1.0%)

1

0 (0.0%)

0

1 (1.0%)

1

0 (0.0%)

0

1 (1.0%)

1

0 (0.0%)

0

2 (2.0%)

3

2 (2.0%)

3

Application site atrophy

1 (1.0%)

1

1 (1.0%)

1

Application site erythema

1 (1.0%)

1

1 (1.0%)

1

Application site irritation

1 (1.0%)

1

0 (0.0%)

0

Gastrointestinal disorders
Nausea
General disorders
and administration site conditions

Application site pruritus
Psychiatric disorders
Mood swings

0 (0.0%)

0

1 (1.0%)

1

1 (1.0%)

1

0 (0.0%)

0

1 (1.0%)

1

0 (0.0%)

0

Vascular disorders

0 (0.0%)

0

1 (1.0%)

1

Hypertension

0 (0.0%)

0

1 (1.0%)

1

skin atrophy score equal to 0 (no change from normal skin)
at any post-baseline time point. There were no statistically
significant differences between groups for both skin irritation and skin atrophy.
In both groups, there were no important changes from baseline in heart rate and blood pressure.

DISCUSSION
The results of this study have shown that treatment with
BMV 2.25 mg medicated plaster in patients with LET
was associated with a significantly greater improvement of
VAS for pain from baseline to Day 28 (primary endpoint)
compared to matched placebo. The result was consistent
in both the ITT and the PP populations. The pain reduction at Day 21 was also significantly higher in the BMV
group than in the placebo group, whereas the difference
between groups in pain reduction at Day 7 and Day 14 was
not statistically significant, despite the higher pain decreases in the BMV group than in the placebo group. Data of
pain daily measured by patients confirmed the findings from
measurement at the clinics. The SPID during the 4-week
treatment period was also higher (although not significantly) in the BMV group than in the placebo group. Moreover,
treatment with BMV was associated with higher decreas596

es in mean PRTEE total score, pain score and functional
disability score from baseline to Day 28 compared to placebo, and a statistically significant difference between groups
was observed for PRTEE pain score. A better perception
of level of improvement was reported at Day 21 and Day
28 in patients in the BMV group as compared to placebo
recipients. At the end of treatment (Day 28), more patient
(although not significantly) in the BMV group than in the
placebo group achieved a complete recovery or a significant
improvement, as compared to baseline. The use of rescue
paracetamol was very limited and similar in the two groups
and therefore had no impact on results.
Compared with findings observed with the same BMV
regimen used in the previous phase II study,13 there was a
lower pain reduction with BMV, however not compromising the clinically and statistically significant superiority of
BMV over placebo. The longer mean duration of tendinopathy in the BMV arm compared to placebo (62.9 and 42.0
months, respectively) and to that observed in the same arm
in the phase II study (49.4 months) suggests that a significant proportion of patients in the BMV arm might have had
a long-lasting chronic form of tendinopathy, in which corticosteroids have limited effects (16).
Consistently with findings of the previous study (13), BMV
was as well tolerated as placebo in terms of adverse events
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Table III. Results of skin irritation and skin atrophy in the two groups (safety population).
Skin irritation
Day 7

Day 14

Day 21

Day 28

97

94

94

94

BMV (N=101)
N
Mean (SD)

0.0 (0.1)

0.0 (0.0)

0.0 (0.1)

0.0 (0.1)

Median (range)

0.0 (0-1)

0.0 (0-0)

0.0 (0-1)

0.0 (0-1)

None (0)

96 (95.0%)

94 (93.1%)

93 (92.1%)

93 (92.1%)

Mild (1)

1 (1.0%)

-

1 (1.0%)

1 (1.0%)

-

-

-

-

Score distribution, N (%)

Severe (3)
Placebo (N=98)
N

96

95

92

90

Mean (SD)

0.0 (0.3)

0.0 (0.1)

0.0 (0.1)

0.0 (0.0)

Median (range)

0.0 (0-3)

0.0 (0-1)

0.0 (0-1)

0.0 (0-0)

None (0)

94 (95.9%)

94 (95.9%)

90 (91.8%)

90 (91.8%)

Mild (1)

1 (1.0%)

1 (1.0%)

2 (2.0%)

-

Severe (3)

1 (1.0%)

-

-

-

Day 7

Day 14

Day 21

Day 28

98

95

94

94

Score distribution, N (%)

Skin atrophy
BMV (N=101)
N
Mean (SD)

0.0 (0.0)

0.0 (0.1)

0.0 (0.1)

0.0 (0.1)

Median (range)

0.0 (0-0)

0.0 (0-1)

0.0 (0-1)

0.0 (0-1)

98 (97.0%)

94 (93.1%)

93 (92.1%)

93 (92.1%)

-

1 (1.0%)

1 (1.0%)

1 (1.0%)

97

95

92

90

Score distribution, N (%)
No change (0)
Slight (1)
Placebo (N=98)
N
Mean (SD)

0.0 (0.1)

0.0 (0.1)

0.0 (0.1)

0.0 (0.1)

Median (range)

0.0 (0-1)

0.0 (0-1)

0.0 (0-1)

0.0 (0-1)

95 (96.9%)

94 (95.9%)

91 (92.9%)

89 (90.8%)

2 (2.0%)

1 (1.0%)

1 (1.0%)

1 (1.0%)

Score distribution, N (%)
No change (0)
Slight (1)
N = number of patients

and ≤ 4% of patients in both groups had treatment-related adverse TEAEs. Evidence of minimal erythema or slight
increase in skin transparency at plaster application site was
only occasionally reported. Only one case of mild erythema
was reported in the BMV group, and more severe skin irritation was only reported in one placebo-treated patient.
Treatment of LET is mainly based on conservative measures
such as physical therapy (17). Corticosteroid injections
Muscles, Ligaments and Tendons Journal 2019;9 (4)

given in addition to physiotherapy are effective for shortterm pain control but have not demonstrated long-term
benefit (18). There is also limited evidence on the effects
of non-steroidal anti-inflammatory drugs (NSAIDs) in the
treatment of pain in elbow tendinopathy (19). Furthermore,
there is some evidence on the efficacy of topical formulations of corticosteroids or NSAIDs when used in combination with iontophoresis and phonophoresis, two methods of
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driving topically applied substances across tissues by utilization of electric current or ultrasound, respectively (5).
Overall, the existing literature does not provide conclusive
evidence that there is one preferred method of non-surgical
treatment for this condition (20).
Compared to marketed dermatological formulations for
topical use, such as creams/ointments, BMV medicated
plaster may offer many advantages: it is formulated in a
highly-standardised, fixed-dose plaster form, also representing a user-friendly delivery system for self-medication. The
occlusive nature of the medicated plaster makes it possible
to improve the steroid absorption in the site of action and
possibly enhance its penetration in target connective tissues.
Furthermore, the BMV medicated plaster may increase the
patient adherence to treatment by reducing the sensation of
greasy skin and avoiding its removal by clothes and dressings spots, typical of cream, gels and unguents, while avoiding at the same time the dispersion of active substance on
unaffected areas, with potential advantages in terms of local
safety. Finally, the use of BMV medicated plaster is less costly and time consuming compared to physical therapy, alone
or associated with modalities such as iontophoresis, ultrasound, phonophoresis, or low-level laser treatment.
Despite the clear benefits observed with BMV 2.25 mg
medicated plaster, this study has some limitations and
some unanswered questions might be the matter for future
research. Neither the previous phase II study (13) nor this
study has included an actively-treated control group and
therefore it is not possible to compare the extent of the
effects of BMV medicated plaster with other alternative
therapies. Moreover, the lack of a comparative alternative
treatment has not allowed a reliable evaluation of the facility and convenience of use of the BMV formulation. During

the choice of the study design, it was considered that the
use of a comparative active arm would have compromised
the blindness of the study, which is important to strengthen outcomes in variables subjectively measured by patients.
Furthermore, the period of observation lasted with the end
of treatment, without any follow-up period aimed at investigating whether the effects of BMV medicated plaster may
be extended beyond the end of treatment and its efficacy in
preventing symptoms relapse.
In conclusion, findings of this placebo-controlled study have
provided confirmatory evidence of the efficacy of a 28-day
treatment with BMV 2.25 mg medicated plaster applied
12 hours/day as pain reliever in patients with LET. BMV
medicated plaster was as well tolerated as placebo. Further
comparative trials would be helpful to better understand
the advantages of BMV 2.25 mg medicated plaster over
standard therapies in terms of convenience of use, duration
of effects and improved compliance.
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SUMMARY
Introduction. Referred pain along the deltoid muscle is a common presentation of
patients with shoulder pathology. Intramuscular lesions involving the deltoid muscle
are often identified on routine ultrasound or magnetic resonance imaging of the shoulder. The aim of this retrospective study is to review deltoid lesions identified at our
institution and to provide a diagnostic approach to aid their management.
Methods. A retrospective study of our orthopaedic oncology database was performed
to identify lesions referred to our institution between June 2007 and June 2018. Relevant imaging was reviewed on our picture archiving and communication system
(PACS). Patient demographics, anatomical extent and MRI characteristics of the
lesions were assessed along with histological correlation.
Results. 91 patients were included in the study of which 42 (46%) were male and 49
(54%) were female with an age range of 22-88 years. 8 patients were under 40 years
and one low grade fibromyxoid sarcoma was identified in this age group. In the over
40 year cohort, the commonest lesion was a lipoma and malignant lesion was identified in 13 (16%) patients. The vast majority of lesions were confined to a single deltoid
muscle compartment. 4 lesions involved more than one compartment, all of which
were malignant.
Conclusions. Deltoid lesions in patients under 40 years are highly likely to be benign
whereas the probability of malignancy increases in patients over 40 years of age.
Lesions involving more than one muscle compartment are likely to be malignant.
KEY WORDS
deltoid; mass; tumour

INTRODUCTION
Patients with shoulder pathology often present with referred
pain along the deltoid muscle or at its insertion onto the
deltoid tuberosity of the humerus (1). The common pathologies arising around the shoulder have been extensively documented in the literature, however, there is limited
content regarding pathology of deltoid muscle origin.
Pathologies involving the deltoid muscle are an uncommon
but important cause of shoulder pain and may manifest as
enlargement of the muscle belly or a symptomatic reduction in shoulder movement. These include calcific tendinitis, traumatic, inflammatory and neoplastic conditions (2).
Denervation of the deltoid muscle is seen in pathologies and
traumatic injuries to the axillary nerve, quadrilateral space
and Parsonage-Turner syndromes (3, 4). Soft tissue lesions
within the deltoid muscle are often identified on routine
Ultrasound (US) or Magnetic Resonance Imaging (MRI)
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performed for common shoulder pathologies such as rotator cuff tears or subacromial subdeltoid bursitis.
In our tertiary orthopaedic oncology centre, we encounter
many deltoid lesions in patients presenting with shoulder
pain. The aim of this retrospective study is to review the
deltoid lesions we have identified and to provide a diagnostic approach to aid the management of these lesions.
Anatomically the deltoid muscle is made up of three sets of
fibres (heads) termed the anterior (clavicular), middle (acromial) and posterior (scapula) fibres (figure 1).
The anterior fibres arise from the anterior border and superior surface of the lateral third of the clavicle (9). The lateral
fibres arise from the superior surface of the acromion and
the posterior fibres arise from the inferior lip of the posterior border of the scapula. The muscle fibres converge to
insert onto the deltoid tuberosity located on the middle and
lateral aspect of the shaft of the humerus (10).

A. Iqbal, E. McLoughlin, A. Patel, A.M. Davies, S.L. James, R. Botchu

MATERIALS AND METHODS
We performed a retrospective study of our orthopaedic
oncology database to identify all patients with an intrinsic deltoid mass lesion referred to our institution between
June 2007 and June 2018.
The relevant imaging of these patients was reviewed on
our picture archiving and communication system (PACS)
by an experienced MSK radiologist and musculoskeletal
radiology fellow.
The demographics of our patient cohort and the anatomical extent and characteristic MRI appearances of the
deltoid lesions were assessed.
Histological confirmation was obtained from US guided
biopsy, tru-cut biopsy or following excision. Only intrinsic
deltoid muscle lesions were included in the study. Paediatric
patients with deltoid lesions were excluded from the study
as these lesions behave differently to lesions within adults.

RESULTS
Demographics
A total of 134 patients with deltoid lesions were identified
on the oncology database. 43 patients were excluded from
the study after exclusion criteria (see above) were applied.
Of the remaining 91 patients, 42 (46%) were male and 49
(54%) were female. The age range was 22-88 years with a
mean age of 58.7 years. Benign lesions were identified in
84% of patients whilst 16% of lesions were malignant.
The cohort was divided into two subgroups by age (i.e >/<
40 years). In the over 40 group, 82 lesions were identified of
which 69 lesions (84%) were benign and 13 lesions (16%)
were malignant (figure 2). In the under 40 group, 8 lesions
were identified of which 7 (88%) were benign and 1 (12%)
was malignant (figure 2). The malignant lesion was a low
grade fibromyxoid sarcoma in a 22-year old male.

Figure 1. Diagrammatic representation axial (a and b) and sagittal (c ) showing difference part of the deltoid. A- anterior, MMiddle, P- posterior, CL- clavicle, ACR- acromion, SC-scapula.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Overall 47% of lesions were in male patients whilst 53% of
lesions were in female patients.

Anatomical extent
In our study, a total of 88 cases (96%) had a deltoid lesion
which was confined to a single head (set of fibres). Only 4
(4%) patients had lesions which involved more than one set
of muscle fibres (heads) all of which were malignant and
included two soft tissue sarcomas, one metastatic lesion and
one B cell non-Hodgkin’s lymphoma (figure 3).

Biopsy
In our centre, 47 out of a total 91 deltoid muscle lesions
were identified as intramuscular lipomas radiologically and
did not undergo a histological diagnosis.
Of the remaining 44 cases, 41 lesions (95%) underwent
histological diagnosis. Of the 41 lesions that underwent
biopsy, 26 lesions (63%) were benign. 15 lesions (37%)
were malignant.

stay of imaging of soft tissue lesions, radiographs play an
important role in assessing features such as distortion of soft
tissue planes, foreign bodies, soft tissue calcifications and
remodelling of adjacent bone (22).
USS and MRI are able to distinguish many benign and
aggressive features and are both sensitive and specific
for diagnosing many lesions such as lipomas and vascular malformations. However, there are a further group of
lesions that imaging alone is unable to accurately diagnose
(22). The gold standard is to provide the pathologists with
tissue either by image guided biopsy, open biopsy or surgical excision. Imaging findings along with radiological diagnosis are vital to the pathologist as aids to address the histological findings.

Benign lesions

Radiological imaging is important in the diagnosis of soft
tissue lesions. Although ultrasound and MRI are the main-

Many of the benign intramuscular lesions in our study have
characteristic MRI features. These lesions include lipoma,
atypical lipomatous tumour (ALT), arteriovenous malformation (AVM), haemangioma, myxoma and schwannoma.
Lipoma is the commonest intramuscular lesion and accounted for 50% of the cases in our study (table II). The MRI
features of these lesions are equivalent to those of adipose
tissue (hyperintensity on T1W, hyperintensity on T2W and
homogenous suppression on fat suppression sequences
(11,12).
The clinical diagnosis of intramuscular benign peripheral
nerve sheath tumour (BPNST) is difficult as deeper lesions
do not demonstrate the typical clinical signs such as positive
tinel’s test as they arise from small motor nerve branches
within the muscle substance (13). These lesions are often
ovoid hyperintense lesions on fluid sensitive sequences with
central low intensity, the target sign (14). The fat split sign,
where a rim of fat is seen surrounding the lesion is sensi-

Table I. Demonstrating the various malignant lesions encountered in our study.

Table II. Table demonstrating the various benign lesions identified in our study.

Lesion type
Overall, the commonest lesion was a benign lipoma identified in 47 cases (52%) of which 46 were found in the over 40
group. A traumatic haematoma was identified in 1 elderly
patient (1%) following a fall (figure 4).
The different benign and malignant lesions encountered are
shown in table I and table II. (figure 5, 6)

DISCUSSION

Metastases

3

Fibromatosis

3

MPNST

1

Vascular Malformation

4

NHL

2

Myxoma

8

Synovial sarcoma

2

Lipoma

47

High grade pleomorphic sarcoma

2

ALT

4

High grade pleomorphic spindle cell sarcoma

2

Nodular fasciitis

2

High grade epithelioid sarcoma

1

Myofibroblastoma/myofibroma

1

Fibromyxoid sarcoma

1

Schwannoma

4

High grade myxofibrosarcoma

1

Haemangioma

2

Haematoma

1
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1%
2%

10%
55%

avm
metastases
sts
MPNST
fibromatosis
B cell NHL
myxoma
lipoma
ALT
nodular fascitis
schwannoma

13%

12%

13%

12%
12%
25%
13%

■
■
■
■
■
■
■

lipoma
myofibroblastoma
avm
nodular fascitis
desmoid
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Figure 2. Pie chart (a) demonstrating the various lesions occurring in patients under 40 years. Pie chart (b) demonstrating the
various lesions occurring in patients under 40 years.

Location of lesions

2%
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4%

4%
5%
26%
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Figure 3. Pie chart demonstrating the distribution of lesions
within the deltoid muscle.

52%

All lesions
1%
5%

■
■
■
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10%
■
3%
2% ■
■
9%
■
■
■
■
■

3%
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MPNST
fibromatosis
B cell NHL
myxoma
lipoma
ALT
nodular fascitis
myofibroblastoma/myofibroma
schwannoma

Figure 4. Pie chart demonstrating the percentage of all lesions
encountered in our study.

Figure 5. Axial T1(a) and STIR(b) showing a lipoma (arrow) within the anterior fibres of the deltoid in a 35 year old male. Axial
T1(c) and STIR(d) showing a myxoma (arrow) within the anterior fibres of the deltoid in a 40 year old female.
Muscles, Ligaments and Tendons Journal 2019;9 (4)
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Figure 6. Axial T1(a) and STIR(b) showing large tumour (arrow) involving the anterior and middle fibres of the deltoid- biopsy
proven renal cell carcinoma metastasis in a 60-year-old male. Axial T1(c) and STIR(d) showing a tumour (arrow) within the anterior fibres of the deltoid – biopsy proven pleomorphic sarcoma in a 45-year-old male.

tive and specific for BPNST and is best appreciated on T1
weighted sequences (15). Multiple ring-like structures within the lesion with peripheral increased signal on fluid sensitive sequences is known as the fascicular sign (15).
Arterio-venous malformations are masses containing vessels
which appear as flow voids on MR sequences interposed
with fat (16). The presence of low T1/T2 signal calcified
phleboliths is a sensitive sign which aid in the diagnosis of
these lesions (17).
Intramuscular myxomas commonly affect the upper
extremities, thighs and gluteal region (18). They are often
solitary, however, multiple lesions are seen in syndromes
such as Mazabrauds which consists of polyostotic fibrous
dysplasia and multiple intramuscular myxomas. The lesions
are hypointense on T1 and hyperintense on T2 weighted
sequences (19).
Intramuscular haemangiomas are common in the general
population. The lesions demonstrate increased T1 signal
due to fat content with focal areas of low signal due to
fibrous tissue, thrombi or phleboliths. On fluid sensitive
MR sequences, the lesions are also of increased signal relative to muscle and typically have a tubular ‘bag of worms’
appearance with focal areas of low signal (20). The lesion
has indistinct borders.

lesions (large cell lung Ca, breast Ca, and Renal cell Ca), a
malignant peripheral nerve sheath tumour in a patient with
neurofibromatosis type 1 and two cases of B Cell non-Hodgkin’s lymphoma.

Malignant lesions

CONCLUSIONS

Malignant soft tissue lesions display features such as aggressive growth, intra-lesional haemorrhage, necrosis, invasion
or displacement of local structures such as nerves and blood
vessels and adjacent the musculature (21).
A number of malignant lesions were identified in our
patient cohort including nine soft tissue sarcomas (STS)
of varying histological (table I), three metastatic soft tissue

Our study is the largest in the literature assessing intrinsic deltoid muscle masses. This study provides a diagnostic approach to deltoid lesions for clinicians who encounter
these lesions on routine MRI of the shoulder or upper arm
in patients presenting with shoulder pain.
Deltoid lesions in patients under 40 years are highly likely
to be benign whereas the probability of malignancy increas-
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Learning points
Analysis of our data set has highlighted several points which
aid the clinician in the management of patients with intramuscular deltoid lesions (24).
The likelihood of a malignant deltoid lesion in a patient
under 40 years is low (12%). Therefore, provided that there
are no aggressive features, these patients do not require
urgent referral to a soft tissue sarcoma centre for histological diagnosis. A routine ultrasound may be performed to aid
in the diagnosis.
The likelihood of a malignant deltoid lesion in a patient over
40 years is higher. Therefore, all non-lipomatous lesions will
require histological diagnosis. For confirmed malignant
lesions, a staging CT thorax, abdomen and pelvis should be
performed.
Lesions involving more than one set of deltoid muscle fibres
(heads) are likely to be malignant and should undergo
urgent biopsy and staging CT thorax, abdomen and pelvis.
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es in patients over 40-years and all non-lipomatous lesions
in this cohort should be referred for histological diagnosis. The likelihood of a malignant lesion is also increased in

lesions involving more than one set of deltoid muscle fibres
(heads) and a histological diagnosis and staging computed
tomography (CT) should be performed in these patients.
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SUMMARY
Background. This study evaluates the clinical and biochemical effects of sequential
intra-articular (IA) injections of linear (LHA) and cross-linked hyaluronic acid (CLHA) in
patients with Gonarthrosis (GA).
Methods. Thirty-nine (39) patients (age 64.89 ± 8.83) received first the LHA injection
(0.8-1.2 MDa, 32mg/2ml) and after 1 week the CLHA (1.0 MDa and 2.0 MDa, 75mg/3ml)
one; this round was repeated after 6 months. Clinical assessments - i.e. ultrasonography,
visual analogic scale (VAS) for pain, range of motion (ROM) and Western Ontario and
McMaster Universities Osteoarthritis (WOMAC) index - were performed at baseline
and at specific time points up to 12 months. Relevant markers were determined in blood
and synovial fluid (SF) at selected intervals. SF from patients with recurrent effusion was
subjected to proteomic analysis.
Results. This schedule improved joint pain and function, and promoted a reduction of
inflammatory cytokines (IL-1β, IL-9 and IL-17) in plasma and SF; cartilage thickness
increased at 12 months and the increase negatively correlated with the baseline levels of
C-telopeptide of type II collagen (CTX-II). SF proteomic revealed that proteins associated with inflammation (Apolipoprotein A-1, α-1 antitrypsin and IgK) decreased, while the
IL-1 inhibitor Transthyretin increased.
Conclusions. This schedule represents an effective treatment whose benefits persist up to
12 months after baseline.
KEY WORDS
Cytokines; CTX-II; gonarthrosis; hyaluronic acid

BACKGROUND
Gonarthrosis (GA) is a leading cause of disabling joint
disease, especially in the elderly (1): the increase in life
expectancy and the aging of the population will make
arthropathy the fourth leading cause of disability in 2020
with the ensuing socio-economic consequences (1,2).
Arthropathy was observed to have a 104.9% rise in disability-adjusted life-years index (or 8.8% when age-standardized) from 1990 to 2016 (2).
Intra-articular (IA) injections provide a non-operative strategy for GA management (3). Currently, the best evidence
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suggests that hyaluronic acid (HA) is an effective intervention in treating GA without increased risk of adverse events.
Recently, systematic reviews of overlapping meta-analysis
and ‘real-life’ studies demonstrated the effectiveness of IA
HA injections (4).
Biologically, HA is not an inert molecule. The native HA
appears with a high molecular weight (MW) that can be
degraded into smaller fragments due to glycosidase activity induced by several physio-pathological adaptive responses (2). Different HA size fractions have been evaluated for
several biomedical applications, in particular for GA viscos-
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upplementation. However, the heterogeneity of the studies
in comparing low-MW HA (~80–800 KDa) and high-MW
HA (~2.0 MDa) for treating knee injury, limits definitive
conclusions. Indeed, the HA fragments, depending on their
size, display different rheological properties and have been
shown to either stimulate or inhibit inflammatory response
in targeted cells and in diseased tissues, and to differently
modulate the production of specific inflammatory mediators
(5, 6). In agreement with the notion of the size- and structure- dependent bioactivity of HA, hybrid preparations of
low- and high-MW HA (7, 8), crosslinked-HA (9) and hexadecylic-derivatized HA (10) show even further variations/
complexity in terms of pharmacodynamics as compared to
the native, linear polymers.
From the clinical point of view, according to a Cochrane
Database Systematic Review analysis based on a significant
number of controlled trials, it has been demonstrated that
HA injections significantly reduce pain in knee osteoarthritis (11).
Injectable preparations for IA viscosupplementation consist
of linear (LHA) or cross-linked (CLHA) commercially available HA, this latter reputed to be generally more resistant to
enzymatic degradation (9).
The effect of HA in knee arthropathy has often been attributed to its biomechanical and viscosupplementation properties; however there is growing evidence suggesting that the
benefits of HA depend also on other biological actions on
both inflammation and/or cartilage degradation (5, 12).
The aim of this study was to evaluate the clinical and
biochemical effects of timed-sequential IA injections of
LHA and CLHA formulations in ameliorating joint pain
and function in patients with knee GA also focusing on the
modulation of cartilage degradation markers, and of cytokines implicated in GA pathogenesis (13).

MATERIALS AND METHODS
Study design
We performed a descriptive longitudinal study, with followup visits up to 12 months. Patients with symptomatic mild–
moderate GA, grades II–III according to Kellgren–Lawrence
(KL) score radiographically examined no longer than three
months before the beginning of the study, were enrolled.
Exclusion criteria were the following: joint infection,
inflammatory joint disease, osteonecrosis, positive synovial
fluid culture, reduced range of motion, large knee circumference (>45 cm), recent IA HA injections and knee trauma
or surgery, full-thickness cartilage loss in index knee and/or
treatments with steroids or non-steroidal anti-inflammatory drugs within the previous 3 months (acetaminophen was
Muscles, Ligaments and Tendons Journal 2019;9 (4)

only allowed), rheumatic pathologies, endocrinopathies,
malignancies and systemic diseases.
The study meets the ethical standards of the journal. In
particular, all experimental procedures were carried out
according to the principles and recommendations described
elsewhere (14). After approval from the institutional ethical committee on November 15th 2016, the study was
carried out according to Helsinki Declaration for research
with human volunteers (1975) and all patients signed an
informed consent form to participate.
Thirty-nine (39) patients meeting the inclusion criteria were
enrolled in the study. Anthropometric data (age, sex, height,
weight, and body mass index, body mass index, BMI) and
level of physical activity (PA) measured by the Saltin–Grimby Physical Activity Level Scale (15) were recorded at baseline (Table I). Clinical and functional assessments were
performed during the sequential IA injections of LHA and
CLHA (baseline/1-Wk and 6 months/1-Wk) and repeated
each 3 months up to 12 months as described in the study
design in Figure 1.

HA treatments
Viscosupplementation regimen consisted in two sequential
IA injections of different HA formulation: the first consisted of 0.8-1.2 MDa LHA (32mg/2ml, RegenFlex Starter)
and the second after 1 week containing three different CL
fractions of HA, 1.0 MDa and 2.0 MDa, intercalated with a

Table I. Study group characteristics.
Variable
Subjects

39

Age (years)

64.9

Male

26.0

Female

13.0

Smoking

16

± 8.8

(yes or past)
Weight (kg)

69.9

± 6.3

Height (m)

1.7

± 0.1

BMI (kg/m2)

23.8

± 2.4

PA level

1.6

± 0.2

Bilateral (Yes)

14

Bilateral (No)

25

SF

19

DRY

24

BMI, body mass index; PA, physical activity.
SF, synovial fluid; DRY, no synovial fluid.
Values are the mean ± SE.
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Figure 1. Design of the study procedures. The sequential IA injections of HA in GA patients consisted of the first injection with
LHA followed by a second of CLHA after 1 week. The same round was repeated after 6 months from the baseline. The timelines
of clinical assessments, ultrasonograpy, arthrocentesis, and blood sampling are also shown.

LHA fraction of 0.5 MDa, this latter representing 10% of
the total HA amount (75mg/3ml, RegenFlex Bioplus).
The knee joint injections were performed under sterile conditions by inserting a 21-gauge needle into the
patellofemoral joint space by super lateral approach while
the patients were in a supine position as described in (16).
The identical treatment scheme with the two sequential
IA injections was repeated after 6 months from baseline
(Figure 1); the same physician performed all the injections. Synovial fluid (SF) was diagnosed by clinical evaluation and, when present, it was withdrawn before each HA
injection. The number of arthrocenteses and the amounts
of fluid aspirated were registered.

Clinical and functional assessments
Functional parameters included pain intensity and range of
motion (ROM). Pain intensity was determined using a visual
analogue scale (VAS) ranging from 0 to 10; ROM (knee flexion and extension) was goniometrically-assessed according
to (17); Western Ontario and McMaster Universities Osteoarthritis (WOMAC) index was used for knee functional
limitation. All WOMAC data presented in this report have
been normalized using average score on 0 to 10 scales, similarly to other studies (18). Satisfaction of patients was also
evaluated using the Likert Scale (19).

Ultrasonographic examination
Mean cartilage thickness was measured by means of ultrasound imaging (Esaote MyLab™70 XVG ultrasound
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machines equipped with 12MHz and 18MHz linear transducers). First, the intercondylar notch area, including femoral condyles beyond patellar bone, was depicted. Successively, the cartilage, in medial and lateral femoral condyles, as well
as intercondylar (sulcus) was scanned by sweeping the full
surfaces from proximal to distal, using the probe always in
transverse position. The ultrasound beam was held perpendicular respect the femur surface (20). The knees were flexed
maximally in order to make a great part of the weight-bearing surface of the femoral condyles accessible to ultrasound
assessment. The grade of knee flexion ranged ca. 100-140°.
The sonographer (CB), who has over 30 year experience in
musculoskeletal sonography, was blinded to the history, clinical findings and imaging data of the patients.

Biochemical assessment
Plasma samples were collected at baseline, after 1 week and
3 months from the first treatment and analysed for CTX-II
and cytokine content. When available (see Results section),
SF samples (with the exception of those positive for haemolysis) were collected before HA injections along the study.
Samples were maintained at −80°C until analysis (Figure 1).
Enzyme-linked immunosorbent assay (ELISA) test kits
were used to determine the plasma and SF levels of IL-1β,
IL -17 and IL-9 (BMS224HS High Sensitivity, BMS2017,
BMS2081 ELISA ThermoFisher Scientific, SrL) and
CTX-II (ELISA CTX-II MBS261323 Novus Biologicals,
SrL). Human lubricin (ELISA LS-F7095 LifeSpan, Inc.)
elastase (ELISA NBP2-60501 Novus Biologicals, SrL) and
CTX-II in SF were also quantified.
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Synovial fluid proteomic analysis

RESULTS

Aliquots of 1 ml of the SF from patients characterized by
chronic synovitis and recurrent knee effusion collected at
baseline, at 6 and at 12 months were pooled; the protein
concentration of each SF pool was determined according to Bradford’s method to define the volume of sample
to be loaded in two-dimensional electrophoresis (2-DE).
2-DE was carried out as previously described in Sestili et
al. (21).

Thirty-nine (39) patients were selected for the study based
on the inclusion criteria detailed above. The distribution
of gender, age, weight, smokers, BMI, level of PA, and KL
grade is described in Table I. The 14 patients suffering of
bilateral GA received injections in both the knees. No dropout and no local/systemic reactions or side effects were
noted.
As shown in Table II, VAS score decreased immediately after the first LHA injection and remained low over
12-month follow-up (p<0.05). The analysis of the variation
of VAS scores over time shows more pronounced drops
corresponding with the two injections of LHA; the sequential injections of CLHA seemed to exert a long lasting
stabilization of these results. Importantly, ROM, VAS and
WOMAC recorded at the 6 months plus 1-week point and
later ones, showed a significant amelioration as compared to
the data obtained not only at baseline, but also to those at 6
months (Table II).
On the whole patients experienced significant improvements in total WOMAC scores, as well as in ROM values,
although compared to VAS reduction. WOMAC and ROM
seemed to change more gradually over time.
Arthrocentesis was performed in 19 patients at baseline in
the presence of synovial effusion (Table II). The volume

Statistical analysis
Descriptive statistics indices i.e. mean and standard deviations were established for the analysed parameters. Separate one-way repeated measure ANOVAs were performed
on VAS, knee ROM, WOMAC and plasma cytokine levels.
The Bonferroni post-hoc test was used for post-hoc analysis. Paired t-tests were used to compare SF parameters
between the baseline and 1 week post HA treatment.
Pearson correlation was used to analyse the relationship
between baseline CTX-II concentration and changes of
cartilage thickness at 12 months. The level of statistical
significance was set at p<0.05. Statistical analyses were
performed with SPSS (IBM SPSS Statistics for Windows
v20.0, IBM Corp.).
Table II. Clinical results at baseline and follow-up visits.
Baseline

1-Wk

3-Mn

VAS

11.27 ± 15.32

8.16 ±
17.25*

ROM

90.00 ±

WOMAC

4.84 ±

5.37 98.33 ±
6.20*
1.08

6.02 ±

9-Mn

12-Wk

8.86 ± 17.49* 8.99 ± 17.52* 7.33 ±
18.54*§

7. 57 ±
18.95*§

7.68 ±
19.03*§

100.67 ±
6.33*
0.76* 7.00 ±

6-Mn

0.85*

6-Mn+1Wk

100.85 ±
6.38*

105.19 ±
5.79*§

107.56 ±
5.49*§

108.33 ±
5.37*§

7.00 ±
0.85*

7.86 ±
0.71*§

7.96 ±
0.64*§

8.02 ±

0.65*

Arthrocentesis
Number (N)

19

8

8

8

8

Volume (cc)

20.80 ± 4.67

19.10 ± 3.65

12.00 ± 3.92*

7.60 ± 3.13*§

6.60 ± 2.85*§

Satisfaction
Not at all
Slightly

1 (2.56%)

0

0

0

0

0

34 (87.18%)

12 (30.77%)

12 (30.77%)

6 (15.38%)

2 (5.13%)

2 (5.13%)

Somewhat

4 (10.26%)

21 (53.85%)

21 (53.85%)

24 (61.54%)

23 (58.97%)

23 (58.97%)

Very

0

5 (12.82%)

5 (12.82%)

6 (15.38%)

10 (25.64%)

10 (25.64%)

Extremely

0

1 (2.56%)

1 (2.56%)

3 (7.69%)

4 (10.26%)

4 (10.26%)

VAS, Visual analogue scale; ROM, Range of motion (degree); WOMAC, Western Ontario and McMaster Universities Osteoarthritis (functional subscale,
normalized using average score on 0 to 10 scales).

Arthrocenteses were performed at the indicated time points and the volume of the resulting SFs was determined immediately before each
HA injection and at 12 months (means ± SE).
*Significantly different from baseline (p<0.05). § Significantly different from 6 months (p<0.05).
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and/or the occurrence of SF were significantly reduced after
6 and 12 months. All samples had clear appearance and high
viscosity. In the microscopic evaluation, the white blood cell
contained 40% of polymorphonuclear leukocytes ruling out
infection as the cause of symptoms (data not showed).
All the above results are grounded by patients’ satisfaction report, which was evaluated by means of a five-points
Likert scale: indeed at 12 months, 37 patients were somewhat/very/extremely-satisfied of the treatments received
(Table II).
The ultrasound images taken at baseline and at 12 months
follow-up were used to monitor the femoral cartilage thickness (Figures 2A-F). Three patients’ lateral femoral knees
cartilage ultrasonographs, representative of the clinical
scenario of this study, are shown in Figures 2A-F. The first
case (Figure 2A-B) refers to the patient who experienced
the most consistent amelioration of cartilage condition
observed in the study; the second (Figure 2C-D) is repre-

sentative of the average/intermediate clinical conditions, i.e.
moderate symptomatic conditions; the third case (Figure
2E-F) refers to an elderly patient with a severe symptomatic condition characterized by a discontinuous aspect of the
cartilage surface and chronic synovitis. Notwithstanding the
clinical differences, these three patients showed ultrasonographic signs of improvement of cartilage conditions and
thickness at the 12 months follow-up, although to different extents. On the whole, at 12 months the mean cartilage
thickness of the knee in the enrolled patients was significantly greater than at baseline (0.84 ± 0.19 mm and 2.72
± 0.86 mm, respectively; p<0.05). CTX-II plasma concentration did not change significantly after 3 months from
the baseline (0.69 ± 0.28 ng/ml and 0.70 ± 0.24 ng/ml,
respectively; p>0.05). Pearson correlation analysis was run
to assess the relationship between baseline CTX-II plasma
level and cartilage thickness changes at 12 months: a statistically significant negative correlation between these two
parameters (r= -0.517; p<0.05) was found.

Plasma and synovial inflammatory markers
The plasma inflammatory markers IL-1β and IL-9 were
significantly reduced after 3 months (p<0.05), while IL-17
was slightly and non-significantly reduced at 1 week and 3
months (Figure 3A, B, C).
Synovial IL-1β, IL-9 and IL-17 levels (Figures 3D, 3E
and 3F) decreased at 1 week after baseline (p<0.05), while
those of the cartilage markers CTX-II, lubricin and elastase
(Figures 3G, 3H, 3I) did not significantly change.
In a subgroup of 8 patients with persistent SF effusion, we
also performed a proteome analysis of SF at baseline, 6 and
12 months (Figures 4A-C). The identification of the protein
differentially expressed in the course of the study revealed
a decrease of inflammation-related proteins Apolipoprotein
A-1, α-1 antitrypsin and IgK chain, along with an increase
of Transthyretin, an inhibitor of IL-1β.

DISCUSSION

Figure 2. Representative ultrasonographs of lateral femoral cartilage changes. Ultrasonographs of the lateral femoral cartilage from three patients at baseline and 12 months
follow-up are shown in A-B, C-D and E-F, respectively.
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The present study assessed the clinical outcomes of a therapeutic course consisting in the timed and sequential cycles of
LHA and CLHA IA injections repeated after 6 months for
the treatment of KL II and III grade GA over a 12 months
follow up period, its effect on cytokine profile and cartilage
degradation markers in plasma and, when available, in SF.
Our data indicate that this therapeutic regimen promoted a significant, rapid and durable amelioration of GA in
all the enrolled patients. Clinical, functional and most of
the biochemical markers considered (from plasma and SF)
improved at 6 and in some cases also at 12 months. Relief
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Figure 3. Plasma and synovial levels of relevant biochemical markers of inflammation and cartilage degradation. Plasma
IL-1β, IL-9, IL-17 levels were determined at baseline, 1 week and 3 months. Synovial IL-1β, IL-9, IL-17, lubricin, elastase and
CTX-II levels were determined at baseline (immediately before the first injection with LHA) and 1 week. Values are means ±
SE. *, significantly different as compared to baseline (p<0.05).

from invalidating symptoms was very rapid and continued
to increase - or at least did not reverse - over time: indeed
better VAS, ROM and WOMAC scores (and SF volume
reduction in recurrent knee effusion cases), were observed
immediately after the first round of HA injections and up
to the 6 months follow-up. The second round of HA injections resulted in a further amelioration of VAS, ROM and
WOMAC; most of the effects were afforded by LHA injections, while CLHA ones, from their side, seemed to stabilize and/or slightly improve the results attained with the
LHA injections.
Accordingly, all the biochemical and clinical outcomes (namely satisfaction of patients and SF volume, where available)
invariably tended to ameliorate at the selected checkpoints.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

Intra-articular administration of HA got the consensus for
the conservative treatment of GA (3, 22). In line with this
notion, here we observed that HA not only attenuated the
nociceptive response in arthrosic joints, but also seemed to
positively affect cartilage condition. This notion is supported by the outcomes of ultrasonographic observations at 12
months vs baseline. The use of ultrasound assessment of articular cartilage is in accordance with previous investigations,
where ultrasound examination provided direct information
on soft tissue degeneration supplying relevant additional
diagnostic information on cartilage-specific morphological
changes (23, 24). Ultrasound imaging appear to be useful to
assess relative cartilage thickness in the middle and posterior medial femoral regions as done in our study, and it
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Figure 4. Proteomic analysis of synovial fluid. Representative 2D electrophoreses of the SF from a subgroup of patients with
severe synovitis at baseline (A), after 6 months (B) and 12 months (C). Arrows refer to relevant proteins, which are differently
expressed over time.

has also been found in good agreement with the measures
obtained by magnetic resonance imaging by several authors
(25, 26). The ameliorative cartilage conditions observed at
12 months vs baseline were supported, from a biochemical
perspective, by the lack of plasma CTX-II increase at three
months. Indeed, Bruyere et al. reported that an increase of
CTX-II over this period (3 months) is predictive of cartilage
loss at later times (i.e.12 months) (27). Moreover from this
study it is also clear the efficacy of HA in modulating specific pro-inflammatory mediators. Indeed, relevant circulating
markers of inflammation associated to GA, namely IL-1β
and IL-9, decreased at 3 months. For the sake of completeness, although IL-9 is considered as a pleiotropic multifunctional cytokine - whose role depends on the microenvironment and specific condition settings - in joint and rheumatic
diseases it mostly acts as a pro-inflammatory cytokine (28).
Reduction of IL-1β, IL-9 and IL-17 levels was also found in
the SFs from patients at 1 week after LHA treatment.
In line with the biochemical data described so far, the
proteomic analysis of SFs at 6 months and 12 months
revealed a HA-induced modulation of specific proteins
involved in the inflammatory response: in particular the
levels of Apolipoprotein A-1, IgK chain and α-1-anti-trypsin decreased over time, while Transthyretin increased.
Apolipoprotein A-1 is a high-density lipoprotein playing a
key role in the transport and delivery of lipids which also
possesses pro-inflammatory properties: indeed it has been
shown to promote the induction of strong matrix metalloproteinases expression and to exert a pro-inflammatory
612

effect within SF (29); the IgK chain is involved in antibody
production, and increased levels of its free light chain can
be detected in inflamed sites (30); α-1-anti-trypsin increases in the course of active progression of cartilage decay
and of inflammation (31); finally transthyretin, which has
an anti-inflammatory activity, is an inhibitor of constitutive
IL-1β production and is able to chelate amyloid preventing
its deposition in knee joint (32).
On the whole, the biochemical data indicate that the
HA-treatment paradigm adopted in this study, along with
the mechanical benefit due to viscosupplementation,
promotes an attenuation of inflammatory markers, which
turns, at 12 months, into the overall amelioration of kneejoints as assessed ultrasonographically as well as into the
clinical and functional improvement, namely pain, ROM
and WOMAC and patients’ satisfaction scale.
As previously noted the clinical and functional responses
described herein indicate a rapid and early clinical efficacy
phase (1 week) coincident with- and causally related to- the
first injection of LHA, followed by a general progressive and
more gradual amelioration in the periods following CLHA
injection. Indeed the first articular viscosupplementation
of LHA promoted a prompt and dramatic pain reduction
invariably perceived by patients associated with an overall
anti-inflammatory tendency (as indicated by plasma and SF
cytokine and biochemical markers trends).
Although it is a merely tempting hypothesis, it could be
speculated that LHA promotes a rapid pre-conditioning of
joint environment, establishing a favourable ground for the
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subsequent injection (post 1 week) of CLHA. Notably HA
degradation rate - paralleling to the loss of its activity - is
very high in inflamed joints (33). Hence, it is conceivable
that a pre-conditioned, less inflamed joint environment,
might contribute to further reduce the per se slow degradation rate of subsequently injected CLHA, further prolonging its activity. Indeed HA crosslinking reduces HA sensitivity to hyaluronidase-mediated degradation rendering
CLHA more stable as compared to LHA (9). Such an “extra
prolonged” activity would likely turn into a more consistent joint clinical improvement. It is worth noting that such
an hypothesis is in keeping with the significant reduction
of IL-1β and IL-9 still observed at 3 months after the first
round of injections, and with clinical, functional and ultrasonographic outcomes at the 12 months follow-up.
Apart from the biochemical issues, established observations
indicate that in symptomatic mild–moderate GA patients
HA, due to its role in the joint lubrication, may reduce
the joint friction coefficient that is the main risk factor
for degenerative joint pathologies and pain (3, 4). Again,
CLHA, being more resistant to hyaluronidase degradation,
affords a prolonged visco-supplementation and lubricant
effect, which, under the specific schedule adopted herein,
might be even longer.
On the whole, despite some limitations of this report that
include the lack of a control group and the variability of
the basal levels of the inflammation markers - common
in similar studies trying to focus on “real life” situations
- combining the clinical and biochemical results of this
descriptive study, we show that timed-sequenced IA injections of LHA and CLHA represents a safe and highly

effective treatment in patients affected by low degree GA,
a finding in keeping with established data from literature
(3, 4). In addition, we found that this therapeutic course
produced a significant and perduring improvement also in
the worse GA cases.
The features characterizing the therapeutic course studied
herein likely depend on the rational timing of injections
with LHA and CLHA, which might exploit and optimize
the pharmacokinetic and pharmacodynamics properties of
the two forms of HA, in such a way that this regimen results
in affordable clinical efficacy and, ultimately, patients’ satisfaction. Such an interpretation is in keeping with other and
independent evidences indicating that the pharmacodynamic features of HA may profoundly vary as a function of size,
structure and chemical modifications (7, 9, 10, 29). These
results implicitly suggest that combining different forms of
HA such as novel cooperative hybrid complexes or sequential/timed administration of linear and crosslinked preparations as in our case - instead of administering a single, specific form - could recruit multiple and converging mechanisms
exalting the pleiotropic nature of native HA.
Today, different forms of HA are available, but there is still
the need to identify the basis for their rationale combination, either within a single preparation, or over a multi-injection treatment schedule.
Hence - although the pharmacokinetic/pharmacodynamic
issue of in syringe and/or over time combinations of different forms of HA was beyond the scope of the present study,
based on our and other groups’ independent results and
considerations, it is advisable that future researches will be
aimed at specifically deal with this point.
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SUMMARY
Purpose. The aim of this study was to compare the effects of stabilization and general exercises on pain, disability and postural stability variables in patients with spondylolisthesis.
Methods. 24 patients randomly assigned into the stabilization (n=12) and general exercise (n=12) groups. Both groups performed the exercises 2 times a week for a period of 2
months. Visual analogue scale (VAS) and Quebec back pain disability questionnaire were
used to assess the pain and functional disability, respectively. Postural stability has been
evaluated using a force platform with eyes opened and closed while standing on firm and
foam base of support. The parameters were the mean total velocity (M-V) and the SD of
velocity in sagittal (SD-Vy) and frontal (SD-Vx) plan.
Results. There was a significant decrease in VAS and Quebec in both stabilization and
general exercise groups (P= 0.001, P< 0.001 for VAS and P= 0.001, P= 0.001 for Quebec
respectively). From postural stability parameters only SD-Vx has increases significantly
in general exercise group (P= 0.008). More increase was observed in M-V variable in the
stabilization group (P <0.001).
Conclusions. Pain and disability were improved in both stabilization and general exercise
groups but postural stability variables was not changed in different directions in stabilization group.
KEY WORDS
general exercises; low back pain; postural stability; spondylolisthesis; stabilization exercises

INTRODUCTION

A condition in which a vertebra slips forward against
the caudal one with or without the separation of posterior elements is called spondylolisthesis (SPL)(1). Approximately about two to six percent of the general population
is affected by this disorder (2). SPL is a clinical expression
of segmental instability, meaning that there is an increase in
the range of the neutral zone around the spinal segment that
may be caused by a trauma or degenerative changes (3).

Among the three subsystems providing spinal stability
(including active, passive and neural), the active component (muscles) is very important when the others are
disrupted. Different muscles can control and protect the
spinal segments (4), which consist of the local and the global muscle stabilizer and mobilizers (5). Global muscles are
generally targeted in conventional exercise therapy (6).
However, the local stabilizers are thought to be more effective in the case of segmental instabilities such as SPL as
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they are very useful in preserving the suitable position of
the lumbar segments during trunk movements (7). Studies investigating local stabilization exercises in SPL (7) or
chronic LBP (8), have shown positive effects on pain and
disability for these types of treatments.
The presence of chronic back pain also may impair the
overall performance and neural system which in turn
affects balance (postural stability) (9). Postural stability
is described as the capability of controlling the center of
mass (COM) regarding the base of support (BOS) (10).
Pain or proprioceptive impairment associated with
lumbar spine defects can cause stability deficiencies (11).
Therefore, reduction in the pain and/or improvement
of proprioception in these patients could have positive
effects on regaining optimal postural balance.
The treatment approach for SPL includes non-surgical and surgical methods. Non-surgical treatment is the
primary approach to SPL and may involve subcategories such as pain relief modalities, stabilization or general
exercises, postural correction, and life style modification
(12). It has been reported that exercise programs are the
most effective component of non-surgical care in patients
with SPL. Despite the positive outcomes of surgical treatment, patients undergoing surgery experience secondary
complications, such as iatrogenic SPL, decreased vertebral arch and mobility, sagittal imbalance, and increased
adjacent segment stress (transitional syndrome). Previous
studies have suggested that non-surgical treatment may
reduce the need for surgery in patients with SPL (12).
Some previous studies have shown postural stability deficits in LBP patients and the effect of stabilization exercises on postural stability in chronic LBP (13). Despite vast
variety of studies investigating the exercises, choosing a
specific type is still an issue for the clinicians and sometimes
depends on their clinical opinions (14).
Therefore, the aim of this study was to compare the effects
of segmental stabilization exercises along with general
exercises on pain, disability and static postural stability in
SPL patients.

METHODS
Subjects
A total of 120 LBP patients with the diagnosis of low
grade SPL were referred by a neurosurgeon from 31 July
2016 till 7 Sep 2017 to the physiotherapy clinic of the
rehabilitation faculty of Tabriz, Iran. The study protocol
is approved by Ethics Committee of the Tabriz University of Medical Sciences, registered in IRCT (http://irct.ir/ ;
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IRCT2016091029771N1). The study design was controlled
by CONSORT checklist for RCTs and was conducted
in accordance with the guidelines of the Declaration of
Helsinki principles. Also, this study meets the ethical standard of the journal (15).
Patients were given verbal and written information about the
study purpose and main steps. Those who signed the consent
letter were included in the study provided that they met these
criteria: (1) low back pain with or without pain in the lower
extremities lasting more than three months (2) radiological
diagnosis of grade one or two SPL and (3) aged between 20
to 60 years old male or female. Patients were excluded from
the study if they had: (1) history of spinal surgery, (2) history of low back exercise therapy in the last three months, (3)
pregnancy, (4) central nervous system (CNS) disorders (5)
vestibular disorder (the participants were asked if they have
dizziness and had been tested with repeated head rotation by
the therapist). The flow diagram is shown in figure 1.

Interventions
After enrollment, 24 subjects have met the inclusion criteria and were randomly assigned into two groups of stabilization exercises (SE) (n=12) and general exercises (GE)
(n=12). Simple randomization method was made using
blocks. Allocation to the groups was blind and random.
Every patient was treated two sessions a week, lasting 8
weeks. The exercise protocol was done, supervised and
progressed by a trained therapist. The patients followed the
same protocol every day at home. Electrotherapy was done
every session for both groups, including 20 - minute TENS
(frequency=100 hertz, pulse duration=70 microseconds)
and hot pack on the lower back. The study was conducted
as a double blind method. The patients were blinded about
the types of treatment and the assessor was a person who
had not any role in training of the subjects.

Stabilization exercises
The objective of these exercises are to re-educate the stability muscles group (9). Pressure biofeedback was used to
train each patient how to use their transversus abdominis
in the exercises. It was necessary for the first session and
then, the exercise protocol started which had three different stages with progression (table I). The patients had to
hold each exercise about 5 to 10 seconds, three times a day
and each time 10 repetitions for each exercise. Each session
included an exercise to previous exercises for the patient to
learn all the exercises within a month, then repeat them for
the second month (9).
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Figure 1. Flow diagram of the study.

Table I. Exercise protocol in SE group.
Segmental control in static position

(1) isolated isometric multifidus contraction in prone
(2) sitting abdominal hollowing
(3) standing abdominal hollowing

Segmental control in close chain movements

(4) bridging with abdominal hollowing in crook lying
(5) 30˚ squat with abdominal hollowing

Segmental control in open chain movements

(6) arm and leg movement with abdominal hollowing in supine
(7) arm and leg movement with abdominal hollowing in sitting
(8) leg movement with abdominal hollowing in standing
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General exercises
Stretching, strengthening and flexion types of exercises were
chosen for this group (16), since they are mostly known as
general type (6). Stretching exercises were held 15 to 30
seconds, the others were held 5 to 10 seconds and each was
done 10 times a day. The exercises included, (1) single and
double knee to chest, (2) hip flexors stretch, (3) hamstring
stretch, (4) piriformis stretch, (5) heel slide, (6) bridging, (7)
partial and diagonal curl up and (8) leg cycling.

filter to prevent high frequency noise. Each recording lasted
30 seconds, three times for every condition and the patients
were given one minute to rest between each condition.

Statistical analysis

Pain and functional disability were assessed by Visual
Analogue Scale (VAS) and Persian version of Quebec back
pain questionnaire (QBPQ), respectively before and after
the intervention. The high reliability of these questionnaires
have been reported (17).

Data analysis has been done using the SPSS software 16
(SPSS Inc., Chicago, Illinois, USA) at the 0.05 level of
significance. The normality of the data was determined by
Kolmogorov-Smirnov (K-S). Where the data was non-normal, logarithmic transformation was done before other analyses. To define the homogeneity of the two groups at the
beginning of the study, independent t-test and chi-square
tests, and for comparison of the parameters before and after
the intervention in each group, the paired t-test were used.
Linear mixed model as a covariance structure based on
Autoregressive 1(AR1) was applied to analyze and compare
COP variables. Estimation of the parameters was done by
Restricted Maximal Likelihood Method (RMLM).

Secondary outcomes: Postural stability variables

RESULTS

Static postural balance was measured using a force platform
(Kistler, Version 4.0.x, and Type 2812 A, Switzerland). COP
parameters in this study were mean total velocity (M-V),
standard deviation of velocity in the anteroposterior direction (SD-Vy) and standard deviation of velocity in the mediolateral direction (SD-Vx). The procedure was explained to
each patient and done in a quiet place with natural temperature. The patients had to stand barefoot, comfortable (not
stiffening their body and avoiding unnecessary movements
at the same time). The participants were asked to place foot
with shoulder span at free angle and hands hanging beside
the body. The subjects were asked to look only at the front.
Five seconds were counted for the patients to adapt to the
condition before starting recording the four conditions:
Standing with eyes open (EO), eyes closed (EC) on firm and
standing with EO/EC on the foam base of support.
Before each test, the force plate had been calibrated and it
was set at 200 Hz of sample frequency and 10 Hz low pass

Twenty-four patients with grade one lumbar spondylolisthesis were enrolled, 21 of which completed the study. Descriptive statistics of patients is presented in table II. There were
no significant differences between groups in demographic data at the beginning of the study. The data except for
SD-Vx (P<0.05) had normal distribution (P>0.05).

OUTCOME MEASURES
Primary outcomes: (pain and disability)

PRIMARY OUTCOMES (PAIN AND
DISABILITY)
There was a significant decrease for VAS in both the SE
and GE after the intervention (mean dif. = 3.09 ± 1.88, P=
0.001 and mean dif. = 2.77 ± 1.36, P< 0.001 respectively),
but between group analysis showed no significant difference
(mean dif. = 0.6 ± 0.394, P= 0.175) (table III).
The Quebec score showed a significant decrease after intra
group analysis in the SE and GE (mean dif. = 18.2 ± 12.39,
P= 0.001 and mean dif. = 19 ± 12.6, P= 0.001 respectively).

Table II. Patient’s demographic information (N: 12 for each group).
Variable

SE group
Mean (SD)

GE group
Mean (SD)

P value

Age

48.1 (14.51)

51.36 (6.75)

0.51”

Height

161.2 (0.07)

158.13 (0.06)

0.312”

Weight

74.94 (7.59)

77.37 (11.62)

0.581”

Sex

8 female / 2 males

10 female / 1 males

0.586†

”P value based on independent sample t-test. †P value based on Chi-square test.
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No difference was found between group for this variable
(mean dif. = 1.8 ± 4.93, P= 0.719) (table III).
Secondary outcomes (Postural stability)
In the SE group, SD-Vy variable, had an increase about
0.005 m/s after intervention, which was not statistically
significant (P = 0.410). There was also a slight increase in
other variables M-V and SD-Vx, which was not significant
(P = 0.132 and P= 0.268 respectively) (table IV).
In the GE group, there have been a significant increase about
0.109 m/s in SD-Vx after intervention (P= 0.008) (figure
2). A slight decrease was observed in M-V and SD-Vy (in
contrast with the SE group) which did not reach a significant level (P = 0.27 and P= 0.884 respectively) (table V).
Based on the Mixed Model Analysis after intervention, the
mean of M-V and SD-Vy variables in SE group, were 0.017
and 0.011 m/s, respectively, more than that of GE group,
which was statistically significant (P = 0.012 and P <0.001
respectively) (figure 3 and 4).

Figure 2. Comparison of mean total velocity (Mean and
SE values) between groups SE and GE after the intervention based on Linear Mixed Model analysis. M-V, Mean total
Velocity; SE, Stabilization Exercises; GE, General Exercises.

Table III. Pain and Disability at baseline and post intervention changes.
Variable
Pain

Stabilization exercises
(n=10)

General exercises
(n=11)

MD (95% CI) between groups

Before

5.16(2.36)

5.5(1.67)

-.34 (-2.2 to 1.5) #

After

2.07(1.17)

2.73(.86)

-.559(-1.393 to .276) ‡

3.09(1.73 to 4.44)*

2.77(1.85 to 3.68)*

Before

48.1(25.5)

44.45(14.36)

3.64(-15.02 to 22.31) #

After

29.9(22.47)

25.45(9.3)

1.8(-8.66 to 12.27) ‡

18.2(9.33 to 27.06)*

19(10.52 to 27.47)*

MD (95% CI) within groups †
Disability

MD (95% CI) within groups †

CI, confidence interval;
MD, mean difference;
All values are presented as mean (SD)
†P value based on paired Student t test.
#P value based on independent Student t test
‡ P value based on analysis of covariance adjusted for baseline measurements
*The mean difference is significant at the .05 level

Table IV. Adjusted Mean (Std.Error) for Pre-Post comparisons in SE group.
Variables

Mean (Std.Error)

Mean difference (95% CI)

P value

0.713 (0.004)

-0.004 (-0.009 to -0.000)

0. 410

0.026 (-0.020 to 0.072)

0.268

-0.006 (-0.015 to 0.001)

0.132

SD-Vy

Pre
Post

0.718 (0.004)

SD-Vx

Pre

-1.299 (0.079)

Post

-1.325 (0.079)

Pre

1.243 (0.006)

Post

1.250 (0.006)

M-V
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Figure 3. Comparison of SD of velocity in frontal plane (Mean
and SE values) between groups SE and GE after the intervention based on Linear Mixed Model analysis (log transformation was done before the tests). SD-Vx, Standard deviation of
Velocity in mediolateral direction; SE, Stabilization Exercises;
GE, General Exercises.

Figure 4. Comparison of SD of velocity in sagittal plane (Mean
and SE values) between groups SE and GE after the intervention based on Linear Mixed Model analysis. SD-Vy, Standard
deviation of Velocity in anteroposterior direction; SE, Stabilization Exercises; GE, General Exercises.

Table V. Adjusted Mean (Std.Error) for Pre-Post comparisons in GE group.
Variables
SD-Vy
SD-Vx
M-V

Mean (Std.Error)

Mean difference (95% CI)

P value

Pre

0.708 (0.005)

0.000 (-0.009 to 0.011)

0.884

Post

0.707 (0.005)

Pre

-1.294 (0.053)

0.109 (0.029 to 0.189)

0.008*

Post

-1.403 (0.053)

Pre

1.302 (0.045)

-0.407 (-0.054 to 0.193)

0.27

Post

1.232 (0.045)

P value based on Linear Mixed Model Analysis. This test is based on the linearly independent pairwise comparisons among the estimated marginal means. *
The mean difference is significant at the .05 level. SD-Vy, Standard deviation of Velocity in anteroposterior direction; M-V, Mean total Velocity; SD-Vx, Standard
deviation of Velocity in mediolateral direction.

DISCUSSION
Pain and disability
The results of this study showed a significant decrease in
pain and disability in both SE and GE groups after the
intervention. There was more improvement in pain in the
SE group compared to the GE group, and for disability in
favor of GE group. However, it was not statistically significant, and therefore cannot be indicative of superiority of
one type of exercise against another.
Clinically it seems that SE can be helpful in cases in which
the segmental stability of the spine is damaged (7). According to Richardson and Jull (18), training the stability
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muscles with sub-maximal contraction can ameliorate pain
and disability in patients with mechanical back pain. The
protocol should be integrated and progressed to combine
with main daily activities (18).
The results of the current study were similar to those of
O’Sullivan et al. (1997) which concluded that stabilizing
exercises improve pain and disability in SPL patients (7).
In other similar studies there was a significant positive
effect for pain (19, 20), and disability (19) for stabilizing
exercises, as well as both stabilizing and conventional exercises in which the stabilization was superior (20). Contrary
to their result, we observed no significant between-group
differences after the intervention. Studies investigating
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chronic LBP have demonstrated a positive effect of the
combination of SE and GE (13, 21, 22). Nevertheless, no
difference has been observed between these treatment
methods. The findings of the current study associated with
pain and disability were in line with Cairns, Foster, and
Wright (2006). The authors stated that, this lack of difference could give rise to increased stability in both groups,
or increased general activity of participants (21).
As other studies, this study also had some limitations. The
mean pain in both groups was moderate and a specific range
of pain was not considered. Data from patients with low
pain at the beginning of the study may have had an impact
on the outcome. Follow up could be helpful in comparing
the sustainability of the treatment effect between the two
groups, which was not the case in this study. Also this was
a pilot study, thus low sample size could limit the conclusion and may be a reason for the lack of a significant difference between groups. Since the majority of patients were
female, the results of this study cannot be generalized to
the whole society.

Postural Stability
Pain and disability questionnaires are subjective tools so
they are not only related to the patient’s physical recovery,
but also a combination of emotions , culture, and patient
beliefs (22). Therefore, it would be better if the effect of
treatment is assessed by using other objective methods such
as postural stability evaluation. In the present study, the
velocity of the COP displacement significantly increased
only in GE (SD-Vx) group but the trend of changes before
and after intervention is different in two groups; mean
velocity (M-V) is decreased in GE group and increased in
SE group (of course it was not statistically significant).
With the reduction of pain and disability, it was expected
that the velocity of the COP displacement in SPL patients
would be reduced, but the results contradicted this. One
of the possible causes is the presence of rigidity in patients
due to fear of pain-induced movement at the beginning of
the study. According to Brumagne et al. (2008) COP may
be controlled under simple test conditions in LBP patients,
probably by developing a rigid posture or using more ankle
strategy (23). As van Dieën et al. (2003) reported, increasing muscle activity in order to enhance the spinal stiffness,
thereby improving its stability, is seen in LBP patients (24).
Hence, after the treatment, pain relief might have made
the patients stand somewhat more comfortable.
A recent study has reported the effects of back muscle
weakness on degenerative spondylolisthesis and it showed
weakness of back muscles can lead to or aggravate degenerative spondylolisthesis by increasing forward shear
Muscles, Ligaments and Tendons Journal 2019;9 (4)

forces (25). So, back muscles strengthening exercise may
improve spinal biomechanics from biomechanical point of
view. Indeed, this study may help to prove this hypothesis from clinical point of view because we had strengthening component of back extensors in SE group and we
had better results for reducing spinal stiffness and improving postural stability in SE group. On the other hand,
increased muscular co-activation may reduce the ability
and the rate of the body’s response to perturbations of the
environment, thus increasing the risk of falling (26). There
should be a normal amount of exploratory movements for
the COP to retain proper postural stability. Several studies have shown that there is reduced COP velocity in LBP
patients compared to healthy subjects (27). So, it may not
always be possible to state that the increase in the velocity
of the COP means the diminution of the postural control
and may also indicate the patient’s ability to restore the
COP to a more stable position faster. With that in mind,
the SE group, have benefited a bit more from the treatment in case of postural stability.
Based on current knowledge, there are no other studies
on postural stability in SPL patients. Previous studies in
non-specific chronic low back pain patients, mostly have
considered the increase in COP parameters as a reduction
in postural stability (28). In view of that, these results were
in contrast with another study which illustrate the positive
effects of SE and/or GE on postural stability (29). After
the intervention, an escalation was observed in all three
velocity variables in the SE group. In the GE group, the
increment was only in the frontal plane (which was significant), and there was a slight decrease in other two SD-Vy
and M-V variables. From this point of view, our results
also contradicted the study of Koumantakis et al. (2005)
who have indicated a significant improvement in the COP
variables in favor of stability exercises, although they did
not use the velocity parameters (22).There is more reliance on ankle than lumbar proprioception inputs (23),
and improvement in a group of LBP in which the patients
used more lumbar muscles inputs has been observed
(30). Accordingly, it is inferred that an impairment in the
proprioception via deficit in information from the lumbar
multifidus (as one of the important sources of lumbar
proprioception), the diminution of sensory information to
the CNS (COP sway control will be less accurate) or alteration in muscle activation pattern, may cause a decrease in
the ability of the CNS to change its strategy. Hence, when
retraining these muscles, CNS may better adapt and switch
the strategy, and better control of the COP velocity movements be provided.
Providing a detailed explanation and exercise training in
both groups are the positive aspects of the present study
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which are not well achieved in the control group in some
studies. In both stabilizing and general exercises, power,
strength, and endurance must be considered (16). Stabilization exercises are integrated with individual’s active
daily living (ADL) in addition to these three items. It can
reduce the stress to the spine arising from ADL before
returning to work. In other words, it makes the spine
ready to cope with these types of stress (16).
Muscle stretching, which has been performed in the GE
group, can make the patients have an effective spinal
alignment during other main exercises, thereby improving muscular and functional performance (16). These
reasons may have contributed to the similarity between
the results of the SE and GE in the current study. Some
studies have reported that the SE increase the global and
local muscles activity, and it is very difficult to isolate
them (31). Koumantakis et al. (2005) stated that, accurate and precise performances of the SE are not feasible
for all patients, while GE do not require much attention
(22). In the current study, we checked the accuracy of
the exercises in the clinic with a pressure biofeedback,
but the patients had not the device at home, and it was
not certain that how long and how correctly it has been
done. This maybe another reason which has weakened
other positive effects of SE.
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CONCLUSIONS
In this study, there was no difference between groups after
intervention; both SE and GE reduced pain and disability
in low grade SPL patients and no change in postural stability parameters. To surely address the postural control changes, further studies with the Electromyography synchronizing can determine whether the increase or decrease of COP
variables are in line with the improvement or worsening of
symptoms.
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APPENDIX 1
TRAINING PROTOCOL
The protocol lasted eight weeks. Patients visited the physiotherapy clinic two times a week. The first session began with
exercise number one for patients in each group and every
session one new exercise was added to the previous exercises.
Five to ten seconds based on the patient’s tolerance was
counted for each exercise and the repetition was 10 times
a day. All the exercises were finished in the first month and
then, the 8 exercises were repeated for the second month.
Electrotherapy included a 20-minute TENS (frequency= 100
Hertz, Pulse duration= 70 microseconds) with a hot pack
put on the lower back region. Correct postural mechanisms
during daily activities were also taught for both groups.

APPENDIX 2
STABILIZATION EXERCISE (SE) GROUP
There are eight main exercises for this group which are classified in three subgroups. Patients in SE group learned two
other basic exercises before the main protocol. This learning session included abdominal hollowing in the supine and
prone position which was necessary for other main exercises.

a) Abdominal hollowing in supine position
Patient was in crook-lying position. Pressure biofeedback
was put beneath the lower back (between L1 to S1) and set
on the 40 mmHg. The Patient were taught to pull in his/
her stomach toward his/her back and head. No unneces-

sary movement (e.g. pelvic tilt) should be seen and breathing must be gentle and normal during this exercise. Training was repeated till the patient learned the exercise (an
increase of 10 mmHg in pressure biofeedback). A slight
contraction about 30 percent of maximal voluntary contraction (MVC), was sufficient and patient was asked to count
to ten a bit loudly.

b) Abdominal hollowing in prone position
The patient was in prone position with the hands alongside
the body. Pressure biofeedback was put beneath the abdomen in a way the umbilicus met the middle part, and the
lower edges touched the anterior superior iliac spine (ASIS)
in both sides. The patient was asked to be completely relax
before beginning, so we could detect the amount of pressure
change in relation to breathing. Then, the subject was pulling in his/her lower abdomen. The exercise was considered
correct if: (1) 4-10 mmHg decrement, (2) no global muscle
contraction should be seen (we checked this with the palpation of abdominal wall), (3) there should be no unnecessary movement in the pelvic and/or the spine. Patients were
asked to do this exercise at home with a pillow beneath the
abdomen till the first session.

GENERAL EXERCISE (GE) GROUP
This protocol consisted of 8 stretching, strengthening and
flexion exercises.
(1) single and double knee to chest, (2) hip flexors stretch,
(3) hamstring stretch, (4) piriformis stretch, (5) heel slide, (6)
bridging, (7) partial and diagonal curl up and (8) leg cycling.

Table I. The stabilization exercises.
Segmental control in static position

(1) isolated isometric multifidus contraction in supine and prone
(2) sitting abdominal hollowing
(3) standing abdominal hollowing

Segmental control in close chain
movements

(4) bridging with abdominal hollowing in crook lying
(5) 30˚ squat with abdominal hollowing

Segmental control in open chain
movements

(6) arm and leg movement with abdominal hollowing in supine
(7) arm and leg movement with abdominal hollowing in sitting
(8) leg movement with abdominal hollowing in standing
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Table II. The exercise therapy protocol for the SE group.
Session
number

Exercises

Time and Frequency

1

1) isolated isometric multifidus contraction in supine and prone

Three times a day, each time 10 repetitions

2

1) isolated isometric multifidus contraction in supine and prone, 2) sitting
abdominal hollowing

Three times a day, each time 10 repetitions

3

1) isolated isometric multifidus contraction in supine and prone, 2) sitting
abdominal hollowing, 3) standing abdominal hollowing

Three times a day, each time 10 repetitions

4

1) isolated isometric multifidus contraction in supine and prone, 2) sitting
abdominal hollowing, 3) standing abdominal hollowing, 4) bridging with
abdominal hollowing in crook lying

Three times a day, each time 10 repetitions
for each exercise

5

1) isolated isometric multifidus contraction in supine and prone, 2) sitting
abdominal hollowing, 3) standing abdominal hollowing, 4) bridging
with abdominal hollowing in crook lying, 5) 30˚ squat with abdominal
hollowing

Three times a day, each time 10 repetitions
for each exercise

6

1) isolated isometric multifidus contraction in supine and prone, 2) sitting
abdominal hollowing, 3) standing abdominal hollowing, 4) bridging
with abdominal hollowing in crook lying, 5) 30˚ squat with abdominal
hollowing, 6) arm and leg movement with abdominal hollowing in supine

Three times a day, each time 10 repetitions
for each exercise

7

1) isolated isometric multifidus contraction in supine and prone, 2) sitting Three times a day, each time 10 repetitions
for each exercise
abdominal hollowing, 3) standing abdominal hollowing, 4) bridging
with abdominal hollowing in crook lying, 5) 30˚ squat with abdominal
hollowing, 6) arm and leg movement with abdominal hollowing in supine,
7) arm and leg movement with abdominal hollowing in sitting

8

1) isolated isometric multifidus contraction in supine and prone, 2) sitting Three times a day, each time 10 repetitions
abdominal hollowing, 3) standing abdominal hollowing, 4) bridging
for each exercise
with abdominal hollowing in crook lying, 5) 30˚ squat with abdominal
hollowing, 6) arm and leg movement with abdominal hollowing in supine,
7) arm and leg movement with abdominal hollowing in sitting, 8) leg
movement with abdominal hollowing in standing

9-16

Exercises were done in the remaining sessions as follows:
Three times a day, each time 10 repetitions
1) isolated isometric multifidus contraction in supine and prone, 2) sitting for each exercise
abdominal hollowing, 3) standing abdominal hollowing, 4) bridging
with abdominal hollowing in crook lying, 5) 30˚ squat with abdominal
hollowing, 6) arm and leg movement with abdominal hollowing in supine,
7) arm and leg movement with abdominal hollowing in sitting, 8) leg
movement with abdominal hollowing in standing
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Session
number

Exercises

Time and Frequency

1

1) single and double knee to chest

Three times a day, each time 10 repetitions
for each exercise

2

1) single and double knee to chest, 2) hip flexors stretch

Three times a day, each time 10 repetitions
for each exercise

3

1) single and double knee to chest, 2) hip flexors stretch, 3) hamstring
stretch

Three times a day, each time 10 repetitions
for each exercise

4

1) single and double knee to chest, 2) hip flexors stretch, 3) hamstring
stretch, 4) piriformis stretch

Three times a day, each time 10 repetitions
for each exercise

5

1) single and double knee to chest, 2) hip flexors stretch, 3) hamstring
stretch, 4) piriformis stretch, 5) heel slide

Three times a day, each time 10 repetitions
for each exercise

6

1) single and double knee to chest, 2) hip flexors stretch, 3) hamstring
stretch, 4) piriformis stretch, 5) heel slide, 6) bridging

Three times a day, each time 10 repetitions
for each exercise

7

1) single and double knee to chest, 2) hip flexors stretch, 3) hamstring
stretch, 4) piriformis stretch, 5) heel slide, 6) bridging, 7) partial and
diagonal curl up

Three times a day, each time 10 repetitions
for each exercise

8

1) single and double knee to chest, 2) hip flexors stretch, 3) hamstring
stretch, 4) piriformis stretch, 5) heel slide, 6) bridging, 7) partial and
diagonal curl up, 8) leg cycling

Three times a day, each time 10 repetitions
for each exercise

9-16

Exercises were done in the remaining sessions as follows:
1) single and double knee to chest, 2) hip flexors stretch, 3) hamstring
stretch, 4) piriformis stretch, 5) heel slide, 6) bridging, 7) partial and
diagonal curl up, 8) leg cycling

Three times a day, each time 10 repetitions
for each exercise
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SUMMARY
Background. This study aimed to investigate the trend of injuries occurring during judo
competition reported by matside healthcare professionals. Seventeen judo competitions
were investigated.
Methods. Injury data (severity, location, type and emergency transportation to medical
institution) were recorded on-site using a simple injury reporting form with sex, age and
weight category. A total of 420 injuries were recorded.
Results. The overall injury incidence rate per 1,000 athlete-exposures (IIRAE) was 22.7.
The occurrence of minor injuries was four times than that of major injuries, and most
minor injuries were to the soft tissue (bleeding). Sprain was the most frequent major injury
followed by concussion. The IIRAE of minor injury in males was almost twice as high as in
females; the highest IIRAE of minor injuries were recorded in college and over-age category. In major injury, the IIRAE of middleweight was higher than other weight categories. The
most common injury requiring emergency transportation was concussion. The frequencies
and characteristics between minor and major injuries were different. The most common
minor injury was bleeding, and major injury was sprain.
Conclusions. To properly respond to injured athletes during a bout, matside healthcare
professionals need to undergo training and learn the knowledge of judo-related injuries.
KEY WORDS
athletic injuries; epidemiology; judo; martial arts
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BACKGROUND

MATERIALS AND METHODS

Judo is a martial art and combat sport originating from
Japan, characterised by a combination of standing (throws
and takedowns) and ground fighting (holding down, choking and joint locking). In judo competition, striking techniques are forbidden. The International Judo Federation
(IJF) is the largest international sport judo organisation
with an estimated 40 million practitioners in more than 200
member countries and is recognised by the International
Olympic Committee (1). Judo became an Olympic sport for
men at the Tokyo 1964 Olympic Games and for women at
the Barcelona 1992 Olympic Games (2).
In sport judo competitions, the contestants are subdivided
into categories based on sex, age and weight, and they are
not required to wear personal protective gear.
As judo is a contact sport, it carries an inherent risk of injury to judokas. Therefore, efforts to prevent and mitigate
the negative consequences of injury are warranted. A recent
systematic review (3) summarised the findings from five
prospective studies investigating the epidemiology of injuries during judo competitions. Most of these studies investigated elite adult judokas, and only one study included
young judokas (4-8). The overall injury incidence rates per
1,000 athlete-exposures (IIRAE) range from 30.3 to 82.8,
and the most commonly injured region was the upper limb,
followed by the head and neck. Contusion was the most
frequent type of injury. Most injuries occur during standing
fighting (throwing or being thrown).
With regard to injury risk factors, the available evidence
is either limited or conflicting. Although two studies have
found that female judokas were at greater risk of injury
than male judokas (6,7), one study reported the opposite
(5). Furthermore, one study found that young judokas had
a higher IIRAE than their adult counterparts (8), and another study suggested that judokas in the middleweight classes had a lower IIRAE than lighter and heavier judokas (7).
Moreover, rapid weight loss immediately prior to competition to meet weight class restrictions has been suggested as
a possible injury risk factor (9). While the importance of an
injury prevention programme has been advocated in past
research studies (10-12), a consensus evidence-based injury
prevention programme in judo has not yet been established.
Improving the quality of matside (tatami) healthcare professionals and developing an injury prevention
programme are critical for safety management at competitions. However, there are few reports, which investigate the
details of injuries tended to, by tatami healthcare professionals during competition. Therefore, to clarify the trend
of injuries during judo competition, the present study
aimed to investigate injuries reported by tatami healthcare
professionals during judo competitions in Japan.

Injury and exposure data were collected from judokas
competing in Japan during December 2015 to April 2018.
The judokas competed within categories based on age
groups (elementary school students: 6–12 years; middle
school students: 13–15 years; high school students: 16–18
years; and college and over: >18 years) and sex and weight
class (men: ≤60, 66, 73, 81, 90, 100, >100 kg and openweight, women: ≤48, 52, 57, 63, 70, 78, >78 and openweight).
This study was conducted ethically according to international standards and as required by this journal (1) and
approved by the Ethics Committee of All Japan Judo Federation, Tokyo, Japan (December 2015).
Exposure data were obtained from official competition
records. All injuries were diagnosed by a medically licensed
official competition tatami healthcare professional. Injury
data were recorded on-site by tatami health care professionals using a simple injury reporting form immediately after
each injury (figure 1).
The form included the following information: sex, weight
class, details of injury (anatomical location, injury type,
continue to bout and emergency transportation for medical
institution).
An injury was defined as any physical complaint for which
the referee and the judoka would seek assistance from a
tatami health care professional during competition. Severity of injury in this study was divided into two groups based
on whether the injured judoka can continue to bout (minor
injury), or if the injured judoka cannot continue to bout
(major injury). The unit of exposure was defined as a single
judo bout.
Therefore, one athlete-exposure was defined as one judoka
participating in one judo bout. Each bout was scheduled for
3–4 min. If opposing judokas achieved an identical score
the end of the match, the contest is resolved by the Golden Score rule, which was a sudden death situation, where
the clock is reset to match-time, and the first contestant to
achieve any score wins.
There were four weight classes: lightweight (<52 kg for
women and <66 kg for men); middleweight (52–70 kg for
women and 66–90 kg for men); heavyweight (>70 kg for
women and >90 kg for men) and open-weight (no limitation of weight, different weight classes can compete against
each other).
Statistical analysis was performed using the Statistical Package for Social Sciences for Mac 21.00 (SPSS Inc., USA).
Pearson’s chi-square test was used to compare injuries,
which needed emergency transportation by sex, age and
weight class. A value of P < 0.05 was considered to be statistically significant.
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Figure 1. Injury reporting form.
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RESULTS
In total, we analysed data from 18,470 athlete-exposures. A
total of 420 injuries were recorded. The overall IIRAE was
22.7 (95% CI, 20.4–38.5).
Table I shows an overview of the number of injuries and
corresponding IIRAE categorised by injury severity, sex, age
and weight category. Minor injuries comprised 78.8% of
reports, and major injuries made up 21.2%. There was no
sex difference in IIRAE in major injury, but for minor injuries, the IIRAE of males was higher than females. With regard
to age category, elementary school judokas had the highest
IIRAE for major injury, whereas IIRAE of minor injury rose
with increasing age category, with the highest in the college

and over-age group. With regard to weight category, middleweights had at least double the IIRAE compared to any other
weight category, while lightweights had the highest IIRAE in
minor injury, followed by the middleweight category.
Table II shows an overview of the frequencies and proportions of injuries by injury type and anatomical location. The
trends of injury type and anatomical location were different between minor and major injuries. Soft tissue injury (bleeding) was the most minor injury (94.9%), and the
most frequent anatomical location of minor injury was the
head and neck (62.2%) followed by upper limb (34.4%).
On the other hand, sprain was the most frequent major
injury (43.7%) followed by concussion (14.6%), contu-

Table I. Number of injured judokas and IIRAE by severity, sex, age category and weight.
Minor injury
Number
Sex
Age category
(y)

Weight
category (kg)

Major injury

IIRAE

Number

IIRAE

Male

256

21.1

58

4.8

Female

75

11.9

31

4.9

Elementary school (6–12)

5

7.9

6

9.5

Middle school (13–15)

35

11.4

14

4.6

High school (16–18)

146

16.3

19

2.1

College and over (>18)

145

25.0

50

8.6

Lightweight (M:<66/F:<52)

60

31.5

9

4.7

Middleweight (M:73–90/F:57–70)

83

29.0

27

9.4

Heavyweight (M: >100/F:>78)

33

17.3

7

3.7

Open-weight (No limitation)
Total

155

13.1

46

3.9

331

17.9

89

4.8

Table II. Injuries by severity, type of injury and anatomical location.
Minor injury
(n, %)
Injury type

Concussion

14.6

7

2.1

12

13.5

1

0.3

9

10.1

Fracture

0

0

11

12.4

314

94.9

2

2.2

9

2.7

38

42.7

Other
Head and Neck
Trunk

0

0

4

4.5

206

62.2

25

28.1

5

1.5

5

5.6

Upper Limb

114

34.4

33

37.1

Lower Limb

6

1.8

24

27.0

Other

630

13

Contusion

Sprain

Total

0

Dislocation
Soft tissue injury (Bleeding)

Anatomical location

0

Major injury
(n, %)

0

0

2

2.2

331

100

89

100

Muscles, Ligaments and Tendons Journal 2019;9 (4)

A. Ikumi, N. Sakuyama, N. Takatori, T. Kamitani, S. Miyazaki, Y. Nimura, N. Maffulli, N. G. Malliaropoulos, S. Nagahiro

sion (13.5%) and fracture (12.4%). The most common
anatomical location of major injury was upper limb (37.1%)
followed by head and neck (28.1%).
Twenty-seven injuries needed emergency transportation to
medical institution (14 males and 13 females). The frequency of injuries needing emergency transportation is 1.5 per
1,000 athletes-exposures. The greatest number of injuries,
which needed emergency transportation, was in the openweight class (lightweight = 4, middleweight = 7, heavyweight
= 2 and open-weight = 14). The most common anatomical
location, which needed emergency transportation, was head
(37.0%), followed by neck (14.8%) and elbow (14.8%).
The most common type of injury that needed emergency
transportation was concussion (33.3%), followed by cervical sprain (14.8%), elbow dislocation (14.8%), clavicle fracture (11.1%) and shoulder dislocation (11.1%). There were
no significant differences in sex (P = 0.13), age (P = 0.18)
and weight category with regard to emergency transportation (table III, P = 0.74).

DISCUSSION
We investigated trends of injury occurring during judo
competition treated by tatami healthcare professionals, and
determined differences across age, weight class and sex. In
addition, severity of injury was divided into two groups based
on whether the injured judoka was able to continue the bout.

Severity of injury
Soft tissue injury (bleeding) especially of the face or finger
was the most common reported minor injury in this study.
Being thrown, grip fighting and contact with tatami are major
injury mechanisms in judo competition (3, 14). Because
bleeding is usually classified as a minor injury (14, 15), it
does not hinder the continuation of the match. However, in
this study there were two cases of bleeding (nasal bleeding
and head laceration) classified as major injury because of
the difficulty in stopping the bleeding. The bout cannot be
restarted until the bleeding is completely stopped, as stipulated by the referee regulations of the IJF (16). Furthermore, if the bleeding injury at the same locations requires
treatment three times in a single bout, the injured judoka is
disqualified, and thus declared the loser. Therefore, tatami
healthcare professionals are under great pressure to definitively stop bleeding as quickly as possible during a bout.
Therefore, to properly execute safety competition management without hindering the progress of a bout, tatami
healthcare professionals need to learn adequate techniques
and strategies to stop bleeding, such as taping and using
hemostatic agents as permitted in the rules.
Muscles, Ligaments and Tendons Journal 2019;9 (4)

Table III. Injuries needing emergency transportation.
Category

n

*P value

Sex
Male

14

Female

13

0.13

Age category
Elementary school (6–12 y)

1

Middle school (13–15 y)

8

High school (16–18 y)

8

College and over (>18 y)

10

0.18

Weight category
Lightweight
(M:<66 kg/F:<52 kg)

4

Middleweight
(M:73–90 kg/F: 57–70 kg)

7

Heavyweight
(M:>100 kg F:>78 kg)

2

Open-weight (No limitation)

14

0.74

Anatomical Location
Head and Neck

2

Head

8

Neck

2

Clavicle

3

Shoulder

3

Elbow

4

Wrist

1

Abdomen

1

Hip

1

Upper thigh

1

Knee

1

Injury type
Concussion and Cervical sprain

2

Concussion

7

Bruise

3

Sprain

3

Fracture

5

Dislocation

6

Other

1
*Pearson’s chi-square test

Sprain was most frequent type of major injury in this study,
which is consistent with many previous studies (3, 8, 17, 18)
also identifying sprains as the most common injury during
judo competition. However, only a few cases of sprain injury necessitated emergency transportation to a medical insti631
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tution (only three cases in this study). Concussion was the
second most frequent major injury in this study, and emergency transportation was necessary about 70% of concussion
injured judokas. Kamitani et al. reported that catastrophic
head injuries in judo generally results from being thrown.
Furthermore, they elaborated that beginners with less than
three years of experience, and young age (<20 years) are at
greater risk of catastrophic head injury because of immature ukemi technique. Differentiation between concussion
and catastrophic head injury is difficult by physical examination only. Advanced care at a medical institution, including
imaging is necessary for differential diagnosis of concussion
and acute subdural haematoma. Nagahiro and Mizobuchi
encouraged injured judokas to seek care at a medical institution as quickly as possible when concussion is suspected
(20). Therefore, if concussion is suspected, the injured judoka should seek emergency transportation to hospital as soon
as possible. In Japan, judo coaches are obliged to attend an
annual safety instructor workshop, which includes instruction regarding head injury. Our finding of emergency transported head injuries (including concussion) appear to be
related to the workshop for judo coaches. However, we did
not focus on concussion injuries in this study. Future detailed
investigation of concussion occurrence during competition
is required to develop preventive measures for concussion.
Time loss for sport is frequently used to determine the functional severity of sports injuries (21), with longer duration
defining greater injury severity (22). In judo, tears of the
anterior cruciate ligament and prolapse of the intervertebral
vertebral discs are reported as the most serious judo injuries resulting in the greatest time loss (21). Tatami healthcare
professionals must also follow up with injured judokas and
pay attention to injuries, which might decrease their performance following injury.

IIRAE (Injury Incidence Rate per 1000 AthleteExposures)
In total, our overall IIRAE (22.7) was lower than previous
studies investigating IIRAE during judo competition, which
ranges from 35.6 to 81.6 (6-8, 10, 14). Differences in survey
sample, method, and definition of injury may explain these
divergent results. Also, exclusion of the injuries not reported by tatami healthcare professionals might have affected
the low IIRAE in this study. On the other hand, Gabbe et al.
suggested that these differences may result from recall bias
in questionnaire analysis and online survey (23). Additionally, injured athletes who did not consult a medical institution
might be excluded in past studies, which used the data of
medical record from hospital (11) and insurance database
(24). Therefore, we believe the results of this study accu632

rately reflect the frequency and trend of injuries occurring
during judo competition.
In regard to sex differences, IIRAE of minor injury in men
was twice as high as in women. In general, grip fighting and
contact with tatami during a bout is greater in men due to
their relatively greater power compared to women, which
might explain this sex difference in minor injuries. On the
other hand, we observed no sex difference in the IIRAE of
major injuries. Previous studies also reported no sex difference in injury occurrence in judo (7).
Athletes under the age of 15 years are not permitted to
attend IJF official (or sponsored) judo competitions, as stipulated by the Sport and Organisation Rules of the IJF (16).
Age competition categories are classified as cadet: 15–17
years (calendar year), junior: 15–20 years (calendar year) and
senior: >15 years (calendar year). In Japan, competition categories are usually separated according to the type of school
(elementary school, middle school, high school and college).
Also, many judo competitions for elementary and middle
school athletes are held throughout the year in Japan. For
that reason, we classified competition category in accordance
with Japanese categorisation in the present study.
In our study, minor injury IIRAE increased with age. This
is likely a consequence of the increase in physical strength,
which comes with body growth that increases the intensity
of grip fighting and contact with tatami. In contrast, major
injury IIRAE was higher in elementary school judokas than in
other age categories. Judo competition for Japanese elementary school judokas have been held at the regional level up
to the national level. Meanwhile in France, national competitions for judokas under 13 years have not been implemented. The sample number of competitions for elementary school judokas in this study was too small to infer that
competitions for the youngest athletes have higher risk of
injury but does suggest increased major injury occurrence
for young judokas who are still in early stages of physical
and technique development.
With regard to weight category, major injury IIRAE was highest in middleweight category compared to others. Cierna et
al. also reported middleweight as a significant risk factor
of injury in epidemiological injury survey of elite European judo athletes in competition (10). Furthermore, the
IIRAE of minor injury was higher in light and middleweight
compared to heavy and open-weight categories in this study.
This suggests that the incidence of minor injuries increases
from grip fighting in light and middleweight class. There
is no report investigating the relationship between weight
difference between judoka and injury incidence. Although
the weight differences between opponents for each bout
were not verified in this study, our results suggested that
the competition of open-weight category may not be a risk
Muscles, Ligaments and Tendons Journal 2019;9 (4)

A. Ikumi, N. Sakuyama, N. Takatori, T. Kamitani, S. Miyazaki, Y. Nimura, N. Maffulli, N. G. Malliaropoulos, S. Nagahiro

factor to injury because there was no difference of the IIRAE
compared with other weight categories.
This study has several limitations. First, we were only able
to verify injuries as reported by tatami healthcare professionals, thus, this invariably excludes some injuries (inadvertently) not reported during competition. Secondly, the
time from injury to definitive diagnosis at a medical institution was not ascertained. Akoto et al. advocated the
importance of time-loss injuries, which take over 3 weeks
to return to competition (21). Similarly, Malliaropoulos
et al. also indicated the importance of developing effective prevention programmes for sports related injury and
recommended a warm up programme (Judo 9+) specialised for judo (12). In addition to these efforts to prevent
injury, future establishment of a comprehensive training
programme for tatami healthcare professionals is necessary
for the safe management of Judo competitions. To develop
effective prevention programmes to prevent judo injuries,
meticulous recording of all judo injuries both at national
and international levels and video analysis of these injuries
are strongly recommended (25).

In conclusion, the present study provides the latest knowledge on the frequency and characteristics of injuries during
judo competition and awareness for tatami healthcare
professionals. Minor injuries occurred four times more
often than major injuries. The most common minor injury was soft tissue injury (bleeding) and major injury was
sprain. Injuries needing emergency transportation to
medical institution occurred 1.5 per 1,000 athletes-exposures. Tatami health care professionals must be trained to
offer adequate timely effective care for injuries commonly
suffered by judokas during a competitive bout.
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SUMMARY
Background. This study assessed the effect of eperisone + physical therapy compared
with physical therapy alone on the alleviation of pain and disability experienced by
patients with tension-type cervicalgia.
Methods. Patients with tension-type cervicalgia were randomized to eperisone + phy
sical therapy (Group A) or physical therapy alone (Group B). Patients were assessed at
baseline (T0), after 4-weeks’ treatment (T1), and at 2 months’ follow-up (T2). Outcome
measures included the Numerical Rating Scale, the Italian version of the Neck Pain
and Disability Scale, the Short Form-McGill Pain Questionnaire, and the Italian
version of the Neck Disability Index.
Results. Ninety-eight patients (50 patients in Group A and 48 patients in Group B)
completed the study. Pain and disability scores for all outcome measures were significantly lower at both T1 and T2 for patients in Group A compared with Group B (all
p<0.001). A small, improvement between T1 and T2 was observed in Group A patients
but not in Group B patients, and significantly more Group B than Group A patients
were worse at 2 months’ follow-up (all p<0.001).
Conclusions. Eperisone in synergy with physical therapy can be a valuable tool in the
therapeutic management of patients suffering from tension-type cervicalgia.
KEY WORDS
multimodal treatment approach; muscle relaxant; neck pain.

INTRODUCTION
Neck pain is a disabling condition, with sufferers often
experiencing periods of remission and exacerbation; for
most individuals, complete resolution of symptoms and
disability is not achieved (1).
Neck pain has been ranked by the Global Burden of Disease
Study 2010 as the fourth leading cause of years lived with
disability (2). Age, gender and genetics have been identified
as non-modifiable risk factors for neck pain3 and stress has
been identified as a modifiable risk factor (4). More women
than men experience neck pain and its prevalence peaks in
middle age (3). The annual prevalence of neck pain has been
estimated to range between 15% and 70%, demonstrating

the substantial heterogeneity in reported prevalence rates
(3, 5, 6).
Cervicalgia is localized pain that occurs towards the rear
or side of the cervical spinal vertebrae, with sufferers experiencing either a sharp, stabbing pain or a dull, persistent
pain in the neck, upper back or shoulders (7, 8). Symptoms of cervicalgia may include stiffness or spasms in neck
muscles, movement-related pain when rotating in all directions, constant ache in the neck, tightness around the neck/
upper back, which may be tender to touch, and headaches
(7, 9, 10). Symptoms of cervicalgia may disappear within a
few weeks, however, medical treatment may be required if
the pain persists.
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Eperisone hydrochloride (40-ethyl-2-methyl-3-piperidinopropiophenone hydrochloride) is an analgesic and centrally
acting muscle relaxant with a novel mechanism for the treatment of spasticity, muscle contraction and associated pain.
Eperisone is indicated in the treatment of spastic paralysis
caused by cerebrovascular disorders, spastic spinal paralysis, and spastic multiple sclerosis, and for the improvement
of muscular contractions secondary to osteo-arthro-muscular pathologies (cervical arthrosis, scapulohumeral periarthritis, lumbosciatalgia, and myalgias) (11).
Treatment with eperisone alleviates muscle stiffness and pain
caused by muscle spasm. Its mechanisms of action include:
skeletal muscle relaxation, hemodynamic action, and analgesic activity, thereby offering a multimodal approach to
pain management (12).
A systematic literature review found that eperisone may
offer an effective treatment choice for patients with low back
pain with minimal adverse effects and improved paraspinal blood flow, although the smaller sample size and shorter duration of the studies assessed prevented its definitive
recommendation for the treatment of low back pain (13). It
is therefore reasonable to suggest that eperisone may also be
effective for the treatment of tension-type cervicalgia.
The aim of the current study was to assess the effect of
eperisone + physical therapy compared with physical therapy alone on the alleviation of pain and disability experienced by patients with tension-type cervicalgia.

MATERIALS AND METHODS
Patients
Outpatients with tension-type cervicalgia who were undergoing treatment at the Physical Medicine and Rehabilitation Clinic of the University Hospital “P. Giaccone”, Palermo, were included in the study. Patients were consecutively
enrolled from March 2016 to April 2017 and were included in the study if they were aged between 20 and 70 years,
affected by cervicalgia due to subcutis tension in the temporal muscle (from 4 weeks to 12 weeks temporal classification according to Crue and Pinsky) (14), had a positive
trigger point, and had undergone a 7-day wash-out period from nonsteroidal anti-inflammatory drugs (NSAIDs)
and myorelaxants. Exclusion criteria included: radiculopathy, rheumatic disease, presence of fracture, epilepsy, pace
maker, chronic renal insufficiency and hepatic insufficiency,
pregnancy, and neoplasm. Written, informed consent was
obtained from the patients prior to study entry. The study
was approved by the local Institutional Review Board (Ethical Committee of Palermo: 1 session of approval 16/05/2018
n. 05/2018) in accordance with the ethical principles stated
636

in the Declaration of Helsinki. The study meets the ethical
standards of the journal (15).
Patients were randomized in two groups and received either
eperisone + physical therapy (Group A) or physical therapy alone (Group B). For patients in Group A, eperisone
hydrochloride 100 mg was given twice a day for 15 days + 20
sessions of physical therapy, which included transcutaneous
electrical nerve stimulation (TENS) and CO2 Laser on the
cervical rachis 5 days a week for a total of 4 weeks. Patients
in Group B, who only received physical therapy, were treated with 20 sessions TENS and CO2 Laser on the cervical
rachis 5 days a week for a total of 4 weeks.
Patients were assessed at baseline (T0), at the end of the
4-week treatment period (T1), and at follow-up, 2 months
later (T2). At each study visit, patients’ pain and disability
were assessed via a clinical examination and via questionnaires including the Numerical Rating Scale (NRS), the Italian version of the Neck Pain and Disability Scale (NPDS)
(16), the Short Form-McGill Pain Questionnaire (SF-MGPQ) (17), and the Italian version of the Neck Disability
Index (NDI) (18).
The NRS is based on a scale from 0–10, in which “0” is the
absence of pain and “10” is the worst pain the patient can
imagine. Patients are asked to assign a score to the intensity
of their pain.
The NPDS is a region-specific measurement scale that was
developed based on the Million Visual Analogue Scale (19)
and recommended by Wheeler and colleagues (20) for
cervical pain and associated disability. It is a self-administered questionnaire consisting of 20 items which assess four
dimensions of neck pain: neck pain/intensity, neck problems, effects of neck pain on emotions, and interference with
activities of daily life (16). The 20 items are scored on a range
of 0 to 5, with a highest total score of 100 (= maximal pain).
The SF-MGPQ is a useful tool to investigate the quality of
pain. Designed in 1987, it is the short version of the MGPQ
and allows individuals to identify the characteristics of the
pain they experience, to detect minor clinical changes and
to reflect further on the expectations and the unexpected features of pain17. Patients are asked to describe their
perception of pain according to its intensity (none = 0, mild
= 1, moderate = 2, and severe = 3).
The NDI questionnaire is designed to assess how neck pain
affects a patients’ ability to manage everyday life activities.
Calculation of the NDI score is obtained by adding up the
separate scores of the 10 sections (each section is scored
from 0 to 5 where 0 relates to pain having no effect and 5 is
pain having the highest impact on daily activities of life); the
highest total score is 50 (18).
Changes in the NRS, NPDS, SF-MGPQ, and NDI for
each patient were assessed at the end of the 4-week treatMuscles, Ligaments and Tendons Journal 2019;9 (4)
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ment period (T1) and after the 2-month follow-up period
(T2). Patients with a reduction in the questionnaire score
compared with the previous assessment were classified as
“improved”. If there were no changes, they were described
as “unchanged”. If a patients’ pain/disability had worsened
compared with the previous assessment (i.e., an increase in
the questionnaire score), they were classified as “worsened”.

Statistical analysis
Statistical analysis was performed using the SPSS Statistical
Package software, ver. 20.0 (IBM Corp., Armonk, NY, USA).
Demographics, clinical and symptom-related data, and treatment type are depicted in tables that show absolute frequencies and percentage relative frequencies for qualitative variables, and mean/median values, standard deviations, and
minimum and maximum values for quantitative variables.
Variations in pain and disability based on the NRS, NPDS,
SF-MGPQ, and NDI scores were analyzed between the two
treatment types using a generalized linear model (repeated measures analysis of variance). The paired sample t-test
was used to assess pre- and post-treatment changes in each
patient. The unpaired sample t-test assessed the differences
between treatment groups. Where required, corrections for
multiple comparisons were applied to the p-value.
To establish if there was an association between the administered therapy and the worsening of pain and disability during the follow-up period, a χ2 test was applied with
correction for continuity. The relative risk (RR) was also
calculated with a 95% confidence interval (95% CI). The
RR is the ratio of the incidence of cases with symptom worsening in Group B (physical therapy only) over the incidence
of cases with symptom worsening in Group A (eperisone +
physical therapy).
Values of p<0.05 were considered significant.

RESULTS
In total, 98 patients (50 patients treated with eperisone +
physical therapy and 48 patients treated with physical therapy alone) were eligible for and included in the study; all
patients completed the study and were included in the
assessment.
Patient demographics and clinical features at baseline are
shown in table I. Mean patient age was 41.6 years (range
24–69 years) and 69.4% of patients were female. At baseline,
there were no significant between-treatment group differences in age, gender or in the patient outcome measures of
the NRS, NPDS, and SF-MGPQ. Baseline NDI was significantly different for the two treatment groups (32.8 versus
30.4 for Group A versus Group B; p<0.001) (table I).
Muscles, Ligaments and Tendons Journal 2019;9 (4)

The change from baseline in pain and disability scores
based on the NRS, NPDS, SF-MGPQ, and NDI questionnaires after 4-weeks’ treatment and after 2-months’
follow-up are shown in figure 1. For patients treated with
eperisone + physical therapy, pain and disability scores
decreased significantly from T0 to T1 and from T1 to T2 for
most outcome measures (all p<0.001), with the exception
of the decrease in NRS score between T1 and T2, which was
not significant. Pain and disability scores also decreased
significantly from T0 to T1 for patients treated with physical
therapy alone (p<0.001 for all outcome measures), however
these increased significantly between T1 to T2 (p<0.005 for
NRS and NPDS; p<0.001 for SF-MGPQ and NDI) showing that improvements in neck pain were not sustained after
completion of the treatment.
Importantly, pain and disability scores for all patient outcome
measures were significantly lower at both T1 and T2 for
patients treated with eperisone + physical therapy compared
with physical therapy alone (all p<0.001 for NRS, NPDS,
SF-MGPQ, and NDI). The total change in pain and disability scores from T0 to T2 was also significantly lower for patients
treated with eperisone + physical therapy versus physical
therapy alone (-4.9 versus -2.2 for the NRS, -37.0 versus -18.0
for the NPDS, -9.7 versus -5.6 for the SF-MGPQ, and -24.6
versus -16.1 for the NDI, respectively; all p<0.001).
For an overview of changes in pain and disability scores
observed for all outcome measures (NRS, NPDS, SF-MGPQ, and NDI) during the study period, the percentage
change between assessments was calculated (table II).
Patients treated with eperisone + physical therapy not only
maintained improvements observed after treatment (from
T0 to T1), they also benefited from a further, albeit small,
improvement between T1 and T2. Conversely, although the
percentage change in pain and disability scores decreased
from baseline to treatment end for patients treated with
physical therapy alone (from T0 to T1), this was not maintained at the 2-month follow-up assessment (from T1 to T2)
with the increase in questionnaire scores showing a worsening of patients’ pain/disability compared with the previous
assessment. For all outcome measures, there was a greater
decrease in total percentage change for patients treated with
eperisone + physical therapy than physical therapy alone.
table III shows the change in the NRS, NPDS, SF-MGPQ, and NDI scores of each patient assessed after 4-weeks’
treatment and at 2-months’ follow-up compared with their
previous assessment. For all patients, symptoms of pain and
disability improved from baseline after 4-weeks’ treatment
regardless of treatment type. Symptoms of pain and disability either improved or were unchanged at the 2-month
follow-up assessment compared with the end of the 4-week
treatment period for most patients treated with eperisone +
637
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Table I. Patient demographics and clinical features at baseline.

Gender, n (%)
Females
Males
Age (years)b
NRSc
NPDSc
SF-MGPQc
NDIc

Total patients (n=98)

Eperisone + physical therapy
(n=50)

Physical therapy (n=48)

p-valuea

68 (69.4%)
30 (30.6%)
41.6 ±9.5
(24–69)
7.2 ±0.7
(5–8)

37 (74.0%)
13 (26.0%)
42.9 ±10.1
(24–69)
7.2 ±0.7
(6–8)

31 (64.6%)
17 (35.4%)
40.2 ±8.7
(25–56)
7.2 ±0.8
(5–8)

ns
ns
ns

57.9 ±6.5
(41–69)
15.1 ±1.8
(11–18)
31.6 ±3.4
(26–42)

58.0 ±6.6
(41–67)
15.0 ±1.8
(11–18)
32.8 ±3.7
(27–42)

57.8 ±6.6
(41–69)
15.1 ±1.8
(11–18)
30.4 ±2.6
(26–35)

ns

ns

ns
<0.001

a
Unpaired sample t-test was used to assess the differences between treatment groups. The p-values have been corrected with procedures for multiple
comparisons.
b
mean ±SD (min–max).
c
median ±SD (min–max).
Abbreviations: n: number; NDI: Neck Disability Index; NPDS: Neck Pain and Disability Scale; NRS: Numerical Rating Scale; ns: not significant; SD:
standard deviation; SF-MGPQ: Short Form – McGill Pain Questionnaire.

Figure 1. Patient outcome measures at T0 (baseline), T1 (after 4 weeks’ treatment), and T2 (after 2-months’ follow-up) for the
(a) Numerical Rating Scale (b) Neck Pain and Disability Scale (c) Short Form – McGill Pain Questionnaire, and (d) Neck Disability
Index. Abbreviations: ns: not significant.
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Table II. Percentage change in patient outcome measures observed during the study period.
Eperisone + physical therapy

Physical therapy alone

∆% from T0
to T1

∆% from T1
to T2

Total ∆%

∆% from T0 to T1

∆% from T1
to T2

Total ∆%

-67.2%

-0.5%

-67.7%

-38.8%

8.1%

-30.7%

NRS
NPDS

-59.5%

-4.2%

-63.7%

-34.2%

3.4%

-30.8%

SF-MGPQ

-60.8%

-3.2%

-64.0%

-42.6%

5.4%

-37.2%

NDI

-73.5%

-1.4%

-74.9%

-56.7%

3.9%

-52.8%

Abbreviations: ∆%: percentage change; NDI: Neck Disability Index; NPDS: Neck Pain and Disability Scale; NRS: Numerical Rating Scale; SF-MGPQ:
Short Form – McGill Pain Questionnaire.

Table III. Condition of the patients at the end of the 4-week treatment period (T1) and at 2-months’ follow-up (T2) compared
with their previous assessment.
Eperisone + physical therapy

T1

T2

Physical therapy alone

Improved

Unchanged

Worsened

Improved

Unchanged

Worsened

NRS

50 (100%)

-

-

48 (100%)

-

-

NPDS

50 (100%)

-

-

48 (100%)

-

-

SF-MGPQ

50 (100%)

-

-

48 (100%)

-

-

NDI

50 (100%)

-

-

48 (100%)

-

-

NRS

7 (14.0%)

38 (76.0%)

5 (10.0%)

2 (4.2%)

18 (37.5%)

28 (58.3%)

NPDS

40 (80.0%)

6 (12.0%)

4 (8.0%)

11 (22.9%)

8 (16.7%)

29 (60.4%)

SF-MGPQ

29 (58.0%)

15 (30.0%)

6 (12.0%)

4 (8.4%)

10 (20.9%)

34 (70.8%)

NDI

27 (54.0%)

16 (32.0%)

7 (14.0%)

-

4 (8.3%)

44 (91.7%)

Abbreviations: NDI: Neck Disability Index; NPDS: Neck Pain and Disability Scale; NRS: Numerical Rating Scale; SF-MGPQ: Short Form – McGill Pain
Questionnaire.

physical therapy (90% for NRS, 92% for NPDS, 88% for
SF-MGPQ, and 86% for NDI). For patients treated with
physical therapy alone, significantly more were worse at
follow-up (T2) when compared with patients treated with
eperisone + physical therapy (58.3% versus 10.0% for NRS,
p<0.001 [RR=5.8; 95% CI: 2.5–13.9]; 60.4% versus 8.0%
for NPDS, p<0.001 [RR=7.6; 95% CI: 2.9–19.9]; 70.8%
versus 12.0% for SF-MGPQ, p<0.001 [RR =5.9; 95%
CI: 2.7–12.8]; and 91.7% versus 14.0% for NDI, p<0.001
[RR=6.6; 95% CI: 3.3–13.1]).
No adverse drug events or reactions were reported.

DISCUSSION
This was a monocentric clinical study on outpatients with
tension-type cervicalgia who were treated with a muscle
relaxant drug (eperisone hydrochloride) + physical therapy versus physical therapy alone. Our results show that
patients treated with eperisone + physical therapy not only
maintained the significant improvement in pain and disabilMuscles, Ligaments and Tendons Journal 2019;9 (4)

ity observed after 4-weeks’ treatment, they also benefited
from a further, albeit small, improvement at the 2-month
follow-up assessment. Although symptoms improved at T1
for all patients treated with physical therapy alone, most of
these patients experienced symptom worsening by the end
of the 2-month follow-up period. This suggests that the
use of physical therapy as a stand-alone treatment does not
provide long-term pain relief from tension-type cervicalgia
once treatment has ended.
Muscle relaxant drugs including eperisone appear to provide
clinically significant short-term pain relief for acute (but not
chronic) low back pain (13, 21). Indeed, eperisone 100 mg
three times daily (t.i.d.) for 12 days (n=80) was shown to be
effective and safe for the treatment of acute low back pain
due to spasticity of spinal muscles with comparable analgesic and muscle relaxant efficacy to thiocolchicoside 8 mg
twice daily (n=80) (22). Treatment with eperisone 100 mg
t.i.d. for 10 days also provided consistent beneficial analgesic and muscle relaxant activity in an open-label study of
100 patients with moderate-to-severe, acute or relapsing low
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back pain (23). Eperisone (50 mg t.i.d. for 14 days; n=112)
was also effective and well tolerated compared with placebo (n=113) in patients with low back pain caused by acute
musculoskeletal spasm in a randomized, double-blind,
placebo-controlled, multi-centric study (24). Significantly
fewer eperisone-treated patients required rescue medication
for pain relief compared with the placebo group (p<0.001)
demonstrating the intrinsic analgesic activity of eperisone.
Treatment with eperisone (50 mg t.i.d.; n=75) has also been
shown to provide an immediate post-treatment benefit for
chronic neck pain with pain in the nuchal region significantly improved (p<0.005) after 6 weeks’ treatment compared
with placebo (n=82) in patients with cervical spondylosis
in a randomized, double-blind, clinical trial (25). However, longer term follow-up was not reported and treatment
effects were small (number needed to treat 37, RR 0.68
[95% CI: 0.52–0.90]) (26).
Eperisone improves blood flow in resting skeletal muscles
(27), which may relieve muscle hypoxia due to muscle
contracture. Notably, a progressive decontracture of spinal
muscles alongside a reduction in both spontaneous and
provoked pain was demonstrated in 100 patients with
acute low back pain and moderate contracture of the spinal
muscles following 10 days’ treatment with eperisone 50 mg
t.i.d. (28). In addition, significant improvement in paraspinal muscle hemodynamics was demonstrated in patients
with chronic low back pain following 4 weeks’ treatment
with eperisone (50 mg t.i.d.; n=25) compared with physical therapy only (n=25) or McKenzie therapy (n=25),
with improved intramuscular oxygenation during lumbar
extension and flexion demonstrated (29). Consequently,
the unique ability of eperisone to regulate blood supply to
skeletal muscles may relieve the muscle stiffness and pain
experienced by patients with tension-type cervicalgia.
The combination of antioxidants (α-lipoic acid/superoxide dismutase) + physiotherapy was shown to be effective
in reducing the intensity of pain reported by patients with
chronic neck pain compared with physiotherapy alone (30).
The successful use of antioxidants (that target nerve inflammation caused by oxidative stress) as an adjuvant therapy
to physiotherapy suggests that a multimodal approach may
be useful for the management of patients with neck pain.
As such, it was of interest to assess the whether the muscle
relaxant eperisone in combination with physical therapy
was efficacious as a novel multimodal treatment approach.
To our knowledge this is the first study to combine
eperisone with physical therapy for the treatment of
tension-type cervicalgia. We show here that symptoms
improved for 14%, 80%, 58%, and 54% of patients treated with eperisone + physical therapy based on the NRS,
NPDS, SF-MGPQ and NDI scores, respectively, at the end
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of the 2-month follow-up compared with the end of the
4-week treatment period. This suggests that eperisone +
physical therapy is not only effective in alleviating pain and
disability associated with tension-type cervicalgia during
treatment but that these positive outcomes are maintained
for a period of time after treatment has stopped.
Patients treated with eperisone may be adversely effected
by gastrointestinal side effects (nausea, epigastric pain and
vomiting), vertigo, light-headedness, dyspnea, mild somnolence, tremor, and dizziness (13). Importantly, no adverse
drug events or reactions were experienced in our study.
Indeed, a particular advantage of eperisone is its safety and
tolerance, which has been demonstrated in a number of
studies (22, 28, 31). In the study by Cabitza and Randelli,
fewer adverse drug events were reported in patients treated
with eperisone compared with thiocolchicoside (5% versus
21%, respectively), highlighting its better tolerability (22).
Despite comparable efficacy outcomes between eperisone
(+ tramadol) and tizanidine (+ tramadol) in 60 patients with
moderate-to-severe chronic low back pain associated with
contractures of paravertebral muscles, eperisone was better
tolerated with significantly fewer incidences of somnolence
(16.6% versus 43.3%, respectively; p<0.05) (31). Similarly,
no involvement of the central nervous system (i.e., somnolence, reduced cognitive capabilities etc.) was reported by
Beltrame and colleagues with adverse reactions to eperisone
limited to gastrointestinal disturbances (28). Eperisone may
therefore be preferable to other short-acting muscle relaxants due to the low incidence of clinically relevant sedative
effects on the central nervous system.
Although this study is limited by its small patient number
and the short duration of follow-up, the combination of
eperisone + physical therapy appears to be effective for the
immediate and sustained relief of pain and disability associated with tension-type cervicalgia.
We believe that eperisone hydrochloride in synergy with
physical therapy can be a valuable tool in the therapeutic
management of patients suffering from tension-type cervicalgia. High quality, randomized, clinical trials with larger patient populations and longer follow-up are needed to
confirm the clinical benefits of eperisone + physical therapy
for the treatment of tension-type cervicalgia.
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