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Background: Lateral epicondylitis is a tendinopathy of the common extensor origin at the elbow. When
traditional conservative treatment fails, more effective therapies are needed. Vergenix Soft Tissue Repair
(STR) Matrix (CollPlant Ltd., Ness-Ziona, Israel) is an injectable gel composed of cross-linked bioengineered
recombinant human type I collagen combined with autologous platelet-rich plasma (STR/PRP). The complex
forms a collagen-fibrin matrix that promotes cell migration and tissue repair. Based on positive outcomes
from preclinical trials, this study is the first clinical trial of STR/PRP on tendinopathy. We hypothesized
that STR/PRP would be a safe and effective treatment for lateral epicondylar tendinopathy.
Methods: Patients with chronic lateral epicondylitis underwent treatment with STR/PRP. Outcome as-
sessment included grip strength, functional disability, and changes in sonographic tendon appearance for
up to 6 months after treatment.
Results: The study enrolled 40 patients. No systemic or local severe adverse events were reported. Clin-
ical evaluation revealed an improvement in the mean Patient-Rated Tennis Elbow Evaluation score from
64.8 before treatment and showed a 59% reduction at 6 months. The 12-Item Short-Form Health Survey
questionnaire showed improvement from a mean score of 30.7 to 37.7 at the final follow-up. Grip strength
increased from 28.8 kg at baseline to 36.8 kg at 6 months. Improvements in sonographic tendon appear-
ance were evident among 68% of patients.

The Israeli Ministry of Health Clinical Trial Department approved this single-
arm open-label multicenter study (HTA6961).
This single-arm open-label multicenter study was registered on
clinicaltrials.gov (NCT02309307) before patient enrollment.
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Conclusion: STR/PRP is a safe treatment that effectively induces clinically significant improvements in
elbow symptoms and general well-being as well as objective measures of strength and imaging of the common
extensor tendon within 6 months of treatment of elbow tendinopathy recalcitrant to standard treatments.
Level of evidence: Level IV; Case Series; Treatment study
© 2018 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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Chronic, painful tendon complaints are frequent in ath-
letic and also in inactive individuals18 and are commonly
presented to general and sports medicine consultants.4 They
might lead to alterations in normal daily activity levels and
sometimes to discontinuance of sporting activities.18 Repet-
itive strain and overuse injury of the common extensor origin
at the elbow may result in chronic lateral epicondylar
tendinopathy,6,38 which is frequently named “tennis elbow.”
This condition has a prevalence of 1% to 3%, peaks between
ages 45 and 54, is equally common in men and women,19,33,40

and is characterized by degenerative changes and microtearing
of the common extensor origin, mainly the extensor carpi ra-
dialis brevis, at its attachment to the lateral epicondyle.22,24

Sonographic examinations suggest a degenerative patholog-
ic origin,2 but the role of inflammation is still debated.8,37

The diagnosis relies mainly on the clinical examination,
which includes tenderness over the common extensor origin
and a painful resistance against dorsiflexion of the wrist.6 Some
cases of chronic lateral epicondylitis (LE) can be resistant
to traditional conservative treatment options, and to avoid
surgery, more effective conservative therapies are needed.

There is evolving evidence that platelet-rich plasma (PRP)
can promote tissue regeneration, although the mechanism by
which autologous blood products (ABPs) enhance healing pro-
cesses has not yet been determined. Growth factors released
by platelets, in association with other cytokines or cellular
and humoral mediators contained in ABPs, have been dem-
onstrated to expedite repair mechanisms, including
enhancement of tenocyte proliferation and overall tendon
healing. Moreover, several bioactive proteins within ABPs
attract osteoblasts and macrophages, which remove the ne-
crotic tissue.20,31,36 Therefore, PRP injection to treat LE has
gained popularity.1,5 A recent review concluded that the ev-
idence suggests a modest effect of PRP in treatment of
refractory cases of lateral elbow tendinopathy.10

Collagens boast a long history of medical and industrial
use in healing procedures and tissue reconstruction, where
their abundance, biocompatibility, biodegradability, and func-
tionality makes them ideal scaffolding materials for human
use. Collagen-based scaffolds provide beneficial features in
defining the space for tissue ingrowth and in serving as tissue
equivalents. These scaffolds can be customized to attract spe-
cific cell types or saturated with factors to be released at the
graft site. Collagen scaffolds designed to closely resemble the
natural extracellular matrix (ECM) environment form the basis
of cell therapies aimed at accelerating restoration of

diseased tissues.12,21 Throughout the multistage wound healing
process, collagen and collagen-derived fragments provide im-
perative support for cell aggregation and adhesion, clot
formation, fibroblast recruitment, and adequate scar tissue
generation.13 Biocompatible collagen-based wound dress-
ings contribute local hemostatic and chemotactic stimuli while
supplying a structural support upon which neotissue can be
formed at enhanced rates.

Vergenix Soft Tissue Repair (STR) Matrix (CollPlant Ltd.,
Ness-Ziona, Israel) is an injectable gel composed of cross-
linked bioengineered recombinant human type I collagen
(rhCOL1) combined with autologous PRP (STR/PRP). Upon
injection into an injury site, the complex forms a collagen-
fibrin matrix. The collagen serves as a natural scaffold for
the adhesion and proliferation of the cells involved in tendon
healing. Once the cells attach and proliferate, they secrete the
natural ECM. Fibroblasts proliferate and become aligned on
the collagen scaffold, resulting in faster maturation. The col-
lagen scaffold retains the platelets-related growth factors, such
as platelet-derived growth factor and vascular endothelial
growth factor in the vicinity of the injury site, thus enhanc-
ing the effect of these growth factors.9,39

In the current study, we evaluated the safety and efficacy
of STR/PRP in the treatment of LE. We hypothesized that
STR, through its ability to promote cell migration and tissue
repair,12 would result in a relief of clinical symptoms and ev-
idence of tendon regeneration and healing.

Materials and methods

Adult patients presenting chronic LE, manifesting by lateral
elbow pain for at least 3 months and pain elicited with active
extension of the wrist in pronation and elbow extension, were
eligible to participate in the study. Previous therapy, including
physical therapy exercises (stretches and eccentric loading) and
nonsteroidal anti-inflammatory (NSAID) medications, had failed
in all patients included in the trial. Patients who previously re-
ceived local injections, including steroids, were only eligible to
participate if at least 30 days passed since the last injection. Ex-
cluded were patients with rheumatoid arthritis, inflammatory disease,
or fibromyalgia, and patients receiving anticoagulant medications,
with skin bruise around the elbow, or who previously underwent
surgery for LE.

Patient enrollment included a detailed trial description, and the
patients signed a consent form. A physical examination, including
a grip strength test, was performed with the patients seated with their
elbows flexed, wrists and forearms in a neutral position, using a Jamar
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dynamometer (Baseline Hydraulic Hand Dynamometers; Fabrica-
tion Enterprises, White Plains, NY, USA). Patients then completed
the Patient-Rated Tennis Elbow Evaluation (PRTEE)17 and 12-
Item Short-Form Health Survey (SF-12)41 questionnaires.

Laboratory tests, including a complete blood count and chem-
istry, and an ultrasonographic evaluation of both elbows were
performed within 2 weeks before initiating treatment. The ultra-
sound examinations were performed by a dedicated physician
experienced in musculoskeletal sonography. Common extensor
tendon thickness, sonographic appearance, and Doppler activity
were assessed, using a method previously described by Krogh
et al.15

Before preparation of the STR/PRP mix, lidocaine (1 mL) was
injected into the subcutaneous lateral aspect of the elbow with a
25-gauge needle. Blood was collected, and a commercial
mononuclear-rich PRP kit (Tropocells Plus; Estar Medical, Holon,
Israel) was used to separate the plasma component and isolate the
PRP.

The Vergenix STR single-use, sterile kit contains a syringe with
lyophilized rhCollagen and calcium chloride, an empty syringe, a
Luer lock connector, and a 19-gauge needle (Fig. 1). The PRP is
mixed with Vergenix STR by withdrawing 2.7 mL PRP to the empty
5 mL syringe, connecting it to the syringe containing the dry col-
lagen, and mixing the material between the 2 syringes until a uniform
3 mL suspension is obtained (Fig. 2). The suspension was injected
into the point of maximal tenderness of the extensor tendon in a sterile
manner using a 19-gauge needle (Fig. 3).

After treatment, patients were asked not to use or minimally use
the arm for 3 to 4 days and thereafter to gradually return to normal
activities if the pain level was acceptable. If analgesic drugs were
needed, acetaminophen was recommended.

Patients were assessed at 1, 2, 3, and 6 months after undergo-
ing treatment. At each visit, adverse events were recorded, a physical
examination, including a grip strength test, was performed, and
patients completed the PRTEE and SF-12 questionnaires. Ultraso-
nography was performed at the 3-month and 6-month visits to
measure changes in tendon thickness and Doppler activity. A

reduction in tendon thickness, a reduction in color Doppler activ-
ity, or a reduction in the number of hypoechoic centers within the
tendon were considered improvements in tendon sonographic ap-
pearance. Safety blood chemistry and hematology tests were
performed at the 6-month visit.

Statistical analysis of the results was performed using SAS 9.3
software (SAS Institute, Inc., Cary, NC, USA). Continuous vari-
ables are presented as means and standard deviation of the means
and categorical variables as absolute and relative frequencies. The
paired t test or signed rank test (whichever was appropriate) was
used for comparisons of continuous variables, and the χ2 test or Fisher
exact test (whichever was appropriate) was used for categorical vari-
ables. The level of statistical significance was set at P < .05 for all
analyses.

Results

The study enrolled 40 patients (29 men and 11 women) clin-
ically diagnosed with LE, of whom 12 failed to respond to
previous steroid injection treatments. Thirty-nine patients com-
pleted the 3-month follow-up visits as scheduled, and 36
participated in the visit conducted 6 months after treatment.
Four patients did not complete the follow-up protocol; none
of these 4 patients underwent surgery for LE during the follow-
up period.

The mean baseline PRTEE score was 64.8, and showed
a 34% reduction within 1 month of Vergenix STR treatment
(P < .001). The score further improved thereafter, peaking at
the 6-month follow-up visit, when a mean 59% reduction from
baseline was reported (P < .001; Table I). At 3 months after
treatment, 29 patients (74%) showed a ≥25% (or at least 11
points) reduction in the PRTEE score, and at 6 months, 31
of 36 patients (86%) reported a ≥25% (or at least 11 points)
reduction in the PRTEE score.

Patient-rated functional health and well-being, as mea-
sured by the SF-12 questionnaire, also showed continuous
improvements throughout the follow-up period, increasing
from a mean score of 30.7 before treatment to a mean score
of 37.7 at the final follow-up session (P < .001; Table I). A
continuous improvement in grip strength was also evident
after treatment, rising from a mean baseline strength of 29
kg to a mean strength of 37 kg at 6 months (P < .001;
Table I).

Pretreatment ultrasound examinations showed patholog-
ic findings compatible with LE in 33 of 39 patients. Of these
33 patients, improvements in tendon appearance were evident
among 17 patients (52%) 3 months after treatment and in 21
of the 31 patients assessed (68%) at 6 months (Fig. 4). There
were no serious adverse events and no reports of infection
after the therapy, and no clinically significant abnormalities
in laboratory test results were noted during 6 months after
treatment. The most common adverse event, reported by 20
patients, was pain or swelling at the injection site that oc-
curred after the injection. Thirteen patients needed oral pain
medications (analgesics or NSAIDs) to control the pain, which
typically resolved within a few days of treatment.

Figure 1 Vergenix Soft Tissue Repair (STR) kit (CollPlant Ltd.,
Ness-Ziona, Israel).

Injectable rhCOL1/PRP for tennis elbow 505



Discussion

Collagen is a natural scaffold supporting the adhesion and
proliferation of the cells involved in tendon healing. Tradi-
tionally, commercial collagen is derived from human cadaveric
sources or from animal sources. However, there have been
concerns regarding the quality and safety of collagen ex-
tracted from animal tissue; in particular, its immunogenicity,
risk of disease transmission, and overall quality.27,29

The expanding need for safe collagen-based therapeutics
led to the development of rhCOL1, derived from genetical-
ly engineered tobacco plants.34,35 This protein is identical to
human type I collagen and showed superior mechanical and
biological properties in vitro when compared with animal-
derived collagen. An rhCollagen-based gel was superior to
a commercial bovine-based product and human cadaveric

collagen in promoting wound healing in rat and porcine full-
thickness cutaneous wound models.32

Vergenix STR is an advanced soft tissue repair product
composed of a biodegradable rhCollagen-calcium chloride–
based scaffold that forms a gel when combined with
autologous PRP. Application of the gel to the tendon injury
site and the formation of a clot results in the release of growth
factors from the activated platelets in the vicinity of the injury
site and the attenuation of the inflammatory signals due to
the action of platelet-secreted cytokines and growth factors.11

Once the fibroblast cells attach and proliferate, they secrete
the natural ECM. Fibroblasts proliferate and align on the
rhCollagen scaffold, resulting in faster tissue maturation. The
implanted rhCollagen is naturally degraded and eventually
replaced by the natural ECM of the cells that initiate the re-
generation of the damaged tissue.

When conservative treatment of LE, including NSAID
drugs, bracing, and physical therapies fails, local injection
therapies of glucocorticoids or PRP, are suggested.5 Peerbooms
et al28 showed that 50% of LE patients treated with cortico-
steroid injection and that 73% of those treated with PRP
experienced a ≥25% reduction in visual analog pain scores
or Disability of Arm, Shoulder and Hand scores within 1 year.
Creaney et al3 reported clinically significant (≥25-point) im-
provements on the PRTEE scale 6 months after treatment
among 66% of patients treated with PRP.

Vergenix STR performance compares favorably with the
published outcomes of standard LE treatments provided to
patients resistant to first-line physical therapy. Poltawski et al30

provided estimates of the changes in PRTEE scores that are
required to determine whether significant changes have oc-
curred in the clinical symptoms of LE patients and showed

Figure 2 Preparation of Vergenix Soft Tissue Repair (STR) (CollPlant Ltd., Ness-Ziona, Israel) and platelet-rich plasma (PRP) before
injection.

Figure 3 Injection of the Soft Tissue Repair (STR)/platelet-rich
plasma (PRP) suspension to the injured common extensor tendon
origin.
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that an 11-point reduction in PRTEE scores is considered a
substantial improvement. Our results show that 86% of the
Vergenix STR–treated patients reported a ≥11-point (or at least
25%) reduction in PRTEE scores 6 months after treatment.
Enhanced grip strength, which increased by a mean 26% during
the study period, corroborates with the subjective patient ratings.

Although named LE, the condition should be termed
tendinosis, because histopathologic studies have demon-
strated that it involves a fibroblastic and vascular response,
called angiofibroblastic degeneration, and not just an inflam-
matory response.23,25 A positive, histologically detectable
healing effect of rhCollagen has been shown in various animal
models.32 Demonstration of a similar effect in clinical appli-
cations is merely impossible.

Our study relied on the sonographic appearance of the
common extensor tendon as an indication of a cellular healing
process in the tendon because of its noninvasive, cost-
effective, quick, and accessible properties compared with
magnetic resonance imaging or arthroscopy.16 The diagnostic

accuracy of ultrasound in detecting LE is diverse, however,
with sensitivity ranging from 64% to 100% and specificity
exhibiting a wider range of 36% to 100%.16 This may explain
why 6 of our patients who had clinical symptoms of LE did
not present abnormal sonographic findings. Nevertheless, an
improvement in the appearance of the tendon at 6 months after
treatment was noted in 68% of patients who had abnormal
baseline sonographic findings.

No serious adverse events occurred in this study, and no
patients ceased participation due to adverse events. Much like
other injectable treatments for LE,7,14,26 transient postinjection
pain was the most frequently reported adverse effect of Vergenix
STR treatment. Ozturan et al26 reported that most patients ex-
perienced temporary postinjection pain, which subsided within
2 days. Dojode et al7 also reported a 60% rate of postinjection
pain at the injection site in patients treated with anABPs. Some
patients experienced persistent pain for several days.

The current study is the first clinical trial of STR/PRP as
a treatment for severe, chronic, resistant LE. Although this

Table I Mean PRTEE and SF-12 scores and grip strength before and after treatment with Soft Tissue Repair/platelet-rich plasma

Variable No. PRTEE score SF-12 score Grip strength (kg)

Mean SD Range P value Mean SD Range P value Mean SD Range P value

Before treatment 40 64.8 13.4 50-96 N/A 30.7 5.2 22-42 N/A 29 14.1 5-65 N/A
After treatment

1 mo 40 43.3 18.9 11.5-77 <.001 33.2 6.4 21-45 .0819 32 14.2 8-69 .0034
2 mo 40 36.9 22.1 0-85.5 <.001 34.9 6.0 18-45 <.001 34 13.4 5-68 <.001
3 mo 39 29.8 21.6 0-84 <.001 35.9 5.5 26-45 <.001 35 11.9 8-70 <.001
6 mo 36 25.6 20.1 0-66 <.001 37.7 4.9 29-47 <.001 37 12.5 8-70 <.001

PRTEE, Patient-Rated Tennis Elbow Evaluation; SF-12, 12-Item Short-Form Health Survey; SD, standard deviation; N/A, not applicable.

Figure 4 Ultrasonogram in (A) transverse and (B) longitudinal views illustrates the common extensor origin with a partial-thickness tear
(dotted line in A and between white arrows in B) before treatment and hypoechoic thickening (up to 4.3 mm). Ultrasonogram in (C) trans-
verse and (D) longitudinal views of the same patient after treatment demonstrates regression of tendinopathic changes, reduction in tendon
thickness to 3.4 mm, and resolution of the tear.
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pilot clinical study showed encouraging clinical outcomes,
with functional improvement and structural repair of the tendon
as evidenced by ultrasound, the small number of patients and
absence of a control group were limitations of the study. Wolf
et al42 designed a randomized controlled study with 3 groups
of patients—ABP injection, corticosteroid/lidocaine injec-
tion, and saline/lidocaine injection—in an attempt to account
for a placebo effect associated with the injection. Outcomes
improved over time in all 3 groups at the 2-month and 6-month
follow-up assessments. The lack of a placebo or other treat-
ment groups in our trial does not allow ruling out a placebo
effect or differentiating between the effects of PRP alone and
rhCollagen combined with PRP. A follow-up study could
compare this new therapy with well-established and common
treatment modalities such as a corticosteroid or PRP injections.

The relatively short follow-up period in this study limits
predictions of a long-lasting effect of the treatment. However,
other studies assessing injection treatments for LE also re-
ported only short-term pain relief. Furthermore, the short-
term benefits, or possibly the accelerating effect, of injectable
treatments in terms of disability, lost productivity, and quality
of life cannot be ruled out.

Conclusion

This study demonstrated that STR/PRP is a new treat-
ment that promotes tissue repair. Our study suggests that
STR/PRP effectively induces clinically significant im-
provements in PRTEE and SF-12 scores as well as in grip
strength and in the sonographic appearance of the common
extensor tendon within 6 months of treatment of elbow
tendinopathy recalcitrant to standard treatments. STR/
PRP injection therapy was successful in 86% of the patients
who failed to respond to conservative therapy. Double-
blind, randomized controlled trials are indicated to determine
the efficacy of this new treatment compared with other cur-
rently available injection treatments in chronic LE.

Disclaimer

While CollPlant Ltd funded the clinical study, the study
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received any financial payments or other benefits from any
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