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Abstract 

Background: Achilles tendinopathy (AT) is a debilitating condition with limited therapeutic options 

in patients contraindicated for corticosteroids. Injective collagen has emerged as a promising 

alternative, yet evidence in fragile populations such as diabetics remains scarce. Objective: Aim of 

present work was to evaluate the clinical effectiveness of Porcine collagen injections in diabetic 

patients with chronic AT, looking for the pain reduction and increase of functionality. Methods: 

Twenty-two diabetic patients with degenerative Achilles tendinopathy unresponsive to treatment 

were included were splited in two groups, according the type of AT pathology: Insertional (I) and 

non-insertional (NI). Patients received five weekly peritendinous injections of porcine collagen. 

Outcome measures included VAS (baseline, post-2nd injection, 1 month, 6 months), VISA-A at 6 

months, return-to-activity time and adverse events monitoring. Additional variables included BMI, 

HbA1c, symptom duration, and previous treatments. Analyses included descriptive statistics, paired 

t-tests, regression models, and ANOVA tests. Results: All patients completed the protocol with no 

adverse events. Mean VAS decreased significantly from baseline to 6 months in both AT-I and AT-

NI patients (mean delta VAS: 5.1 and 4.4, respectively; p=0.001). Mean delta VISA-A scores were 32.78 

and 38.97 in AT-I and AT-NI (p<0.0001) and median return to work (RTW) were 37 and 35 days in 

AT-I and AT-NI, respectively (p=ns). No significant differences were discovered comparing AT-I vs 

AT-NI, in terms both VAS and VISA-A variation per ml of injected product (p=ns). Conclusions: 

Porcine collagen is a safe, effective, and sustainable treatment for Achilles tendinopathy in diabetic 

patients with both AT-I and AT-NI conditions. This study supports its adoption as a first-line of 

conservative approach for pain reduction and functionality improvement. 

Keywords: diabetic patients; Achilles tendinopathy; pain; VAS; VISA-A; collagen injection; BMI; 

return to work 

 

1. Introduction 

The Achilles tendon in medicine is also known as the “triceps surae”. It is the strongest and 

thickest tendon in the entire human body [1]. This tendon connects with the aponeuroses of the 

gastrocnemius, soleus, and plantaris muscles and joins them to the calcaneus bone [2]. The outer 

sheath of the tendon is a sheath-like structure made up of a single layer of cells; it is not a true synovial 

sheath, but rather a “false sheath” called the paratenon [2–4]. The paratenon significantly contributes 

to providing blood supply to the tendon [4]. The Achilles tendon is essential for allowing the calf 

muscles to exert force on the heel; this function becomes crucial for walking and running correctly 

[5–7]. The Achilles tendon can be affected by various pathological conditions such as insertional [2,8] 
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and non-insertional tendinitis [9,10], paratenonitis [11,12] and tendon rupture [13,14]. Tendinopathy 

is one of the most common conditions affecting the Achilles tendon. The factors and causes triggering 

Achilles tendinopathy (AT) are divided into two main groups: intrinsic factors and extrinsic factors 

[5–7]:  

• Intrinsic factors:  

These include anatomic factors, age, sex, metabolic dysfunction [15] foot cavity, dysmetria, 

muscle weakness, imbalance, gastrocnemius dysfunction [16], anatomical variation of the plantaris 

muscle [17], tendon vascularization [18] and torsion of the Achilles tendons [19]. 

• Extrinsic factors: 

These include mechanical overload, constant effort [20], diabetes and obesity [21–26] 

medications (corticosteroids, anabolic steroids, fluoroquinolones) [27–30], hard training surfaces and 

direct trauma to the lower leg [31].  

The pathophysiology of AT, described the anatomical abnormality of the tendon is characterized 

by a reduction in parallel type I collagen fibers, associated with infiltration of adipose tissue and 

proliferation of vascular tissue. These changes manifest as a thickening of the tendon, visible through 

conventional imaging diagnostics [2,32]. Furthermore, the Achilles tendon histopathology showed 

its composition of 95% type I collagen fibers; these fibers provide strength and flexibility to the 

Achilles tendon. A decrease in this type of fiber can also occur with the normal aging process or as 

result of injuries. In tendinopathy, which includes both tendinosis and tendinitis, the amounts of 

proteoglycans, water content, and disorganized type III collagen, unlike type I, increase [32]. Notably, 

It has been shown that advanced glycation end-products (AGEs) increase in association with diabetes 

pathology impacted the functionality of the Achilles tendon [33]. The changes concerning the 

properties and the content of collagen fibers have been associated with diabetes [23–25]. These 

morphological changes observed in tendons can also be present in the early stages of type 2 diabetes 

(T2DM). Since the diagnosis of T2DM is often made when some patients already show evidence of 

chronic complications, this implies that the effects of hyperglycemia would have already been exerted 

for some time on tendon structures [34,35]. Alterations in the fibrillar organization of the Achilles 

tendon, the presence of hypoechoic areas found on ultrasound imaging, and calcific formations 

within the tendon are common degenerative abnormalities [35,36]. 

ATs can be categorized into two groups: insertional and non-insertional [5]. Insertional (AT-I) 

[22,24] and non-insertional (AT-NI) [6]. Achilles tendinopathies are pathological metabolic conditions 

frequently found in T2DM patients [22,33,37]. These pathologies are characterized by the onset of 

chronic pain, which leads to progressive motor disability both in normal daily activities and during 

sports activities. Therefore, therapeutic effectiveness in relieving pain and improving functionality is 

the desired goal for both patients and specialists in this field. The scenario concerning the 

management of AT is very broad and complex. Physic-kinesis-therapy (FKT) always constitutes an 

initial starting point for AT treatment [38]. However, clinicians, responsible for selecting the best 

clinical treatment for the patient, often must choose between an interventional approach (surgery) 

and a non-interventional approach (conservative therapy). The choice of a non-surgical approach is 

always preferred over a surgical one, which is generally considered only in cases of Achilles tendon 

rupture or in instances where conservative treatment has failed. Fortunately, beneficial effects have 

been reported for the treatment of AT and tendinopathies in general through various conservative 

approaches, including the use of platelet-rich plasm [39,40], shockwaves [41–43], and collagen. This 

type of treatment has been successfully tested in various pathological conditions of the 

musculoskeletal system [44], such as greater trochanteric pain syndrome (GTPS) [45,46], Knee 

Osteoarthritis (K-OA) [47–49], hip tendinitis [50–52] and tendinopathies of the rotator cuff of the 

shoulder [53]. Nonetheless, In addition, it has been shown that collagen injection collaborate with by 

tenocytes, demonstrating its relationship with mechanical stimuli [45,54]. 

Having said all that, the aim of this study is to evaluate the effectiveness of porcine collagen 

injections, thanks to its regenerative and reparative properties as an ECM matrix scaffold [55,56], in 
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Achilles tendons in diabetic subjects for the realignment of collagen fibers, the improvement of pain 

symptoms and enhanced functionality. 

2. Materials and Methods 

2.1. General Aspects and Inclusion Criteria 

Data were acquired from 2012 to 2023 by two authors (G.P. and M.B.) to build an database of 

clinical and anonymized personal data. First of all, an encrypted code was created, which made it 

possible not to identify the patients. The patients included in this study met the following inclusion 

criteria: 

• Diabetic patients aged ≥18 years with ultrasound-confirmed degenerative Achilles 

tendinopathy unresponsive to conservative therapy for ≥6 months. Diagnosis of diabetis was 

assessed on the basis of glycated hemoglobin (Hb1C) > 6%. 

• Sportive or athletic individuals. 

• Both continuous pain and impairment of functionality. 

• No previous conservative surgical treatments. 

• No other concomitant pathologies concerning degenerative tendinopathy. 

While, the exclusion criteria included the following tips 

• Tendon rupture. 

• Previous surgical treatments. 

• Previous infiltrative or regenerative treatments. 

•  No corticosteroids use.  

• Declaration of absence of allergy to collagen or similar derivatives. 

2.2. Protocol and Adherence to Treatment 

The treatment comprised five consecutive peritendinous injections of 2 ml collagen (GUNA MD-

Tissue) weekly, administered around the insertion and proximal course of the Achilles tendon 

through ultrasound monitoring. All patients received the collagen injection in their tendon through 

ultrasound-guided injection with a 22G needle (23mm in length). Before the injection, the target area 

was disinfected with alcohol or another antiseptic solution. As whole, complete compliance with the 

treatment (100% adherence) consisted of receiving all 5 doses of collagen for a total of 10 ml of 

administered product. Adherence to treatment will be assessed for all subjects included in the study, 

and the minimum clinically effective dose will be evaluated. 

2.3. End Points 

The aims of this study were to analyze the changes in pain reduction and the increase in 

functionality six months after and treatment. Nonetheless, the purpose of this study was also to 

monitor possible adverse events (AEs) directly related to collagen injections. The list of undesirable 

AEs included: persistent pain after treatment, skin rash, excessive swelling or edema, and allergic 

reaction. 

2.4. Scoring Assessments 

The VAS (Visual Analogue Scale) is a widely used clinical tool for subjectively measuring pain 

intensity, represented by a 10 cm line (from 0 to 10), where 0 is "no pain" and 10 is "the worst possible 

pain," allowing the patient to mark the point that represents their experience and the clinician to 

measure the distance from 0 to obtain an accurate score, useful for monitoring the effectiveness of 

treatments. 

The progresses of the clinical status of the diabetic patients was assessed through the Victorian 

Institute of Sport Assessment (VISA), Achilles (-A) questionnaire, which is a report clinical outcome 

measure used in patients with both insertional (I) and non-insertional (NI) Achilles Tendinopathies 

(AT). It consists of 10 questions that measure the domains of pain, function in daily life, and sporting 
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activities. Question 8 and question 10 each contain three subcategories (A, B, C); the patient must 

choose only one, thus excluding the other two. Each question from 1 to 6 has a maximum score of 10. 

Questions 7 and 9 have a maximum score of 5, while questions 8 and 10 have a variable score 

depending on the option chosen among A, B, and C, which can reach up to 15. The maximum score 

is 100, corresponding to that of a healthy individual with no tendinopathy symptoms. This 

assessment was performed at baseline before the start of treatment (T0) and after six months after 

treatment. Clinical conditions were monitored by evaluation of biophysical parameters to evaluate 

the general condition for return to work (RTW).  

2.5. Statistical Procedures 

The continuous variables were summarized using the following descriptive statistics: n 

(number), mean, standard deviation, median, maximum, and minimum. The frequency and 

percentages (based on the non-missing sample size) were reported for all categorical measures. The 

data generated in this study were recorded in a dedicated file (e.g. excel) and the original rows of 

data can be made available on demand.  

Demographic and clinical data of the following variables were aquired: age (years old), gender 

(male/female), weight, height, BMI calculation, pain evaluation (VAS), functionality (VISA-H score), 

and return to work (RTW) time. 

2.6. Analytical Test Application (ATA) 

GraphPad 10.0 version for Apple Computer was used for statistical analysis (PRISM, San Diego, 

CA, USA). The Shapiro–Wilk test was performed to determine whether the data were parametrically 

distributed. Both W- and p-values were calculated for all data distributions. Student’s Test 

(parametric and paired) was used to compare treatment results at the T0 and T1 visits. ANOVA tests 

were performed to evaluate doth delta VAS and VISA-A output in both AT-I and AT-NI patients 

after treatments. All the parameters measured in this study were evaluated using the classical 

descriptive statistics: mean, SD, minimum and maximum, and frequencies (for qualitative variables). 

The log-rank test was used to assess the time to return to work (RTW) outcomes (hazard ratio; (95% 

CI). For quantitative analyses, all statistical results were considered significant if the p-value was less 

than 0.05 (p < 0.05). 

3. Results 

3.1. Demographic and Clinical Data 

The demographic and clinical data of the 22 patients included in the study were reported in 

Figure 1. No statistically significant differences were observed regarding the distribution of gender 

(12M vs 10F; Figure 1A) and age (64.15.1 M vs 58.07.2 F vs 61.36.7 All; Figure 1B) among the 

enrolled subjects. All subjects were classified as diabetic patients based on the distribution of glycated 

hemoglobin values (8.21.5 M vs 8.20.9 F vs 8.21.2 All; Figure 1C; p=0.9911) and Body Mass Index 

(BMI) values (29.13.7 M vs 28.12.1 F vs 28.63.1 All; Figure 1D; p=0.8004). From a clinical 

perspective, patients were divided based on the type of Achilles tendinopathy (ATs; Figure 1E) into 

two groups: Insertional (I; n=13) and Non-Insertional (NI; n=9). The duration of symptoms was 

recorded for each patient and no statistically significant differences were found between subjects with 

AT-I and those with AT-NI (13.3 vs 17.4; Figure 1F; p=0.1477). Porcine collagen treatment was applied 

equally to both groups, which were shown to have homogeneous characteristics. 
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Figure 1. Demographic and Clinical data. No statistical different distributions were observed according the 

following sets: A) Gender; B) Age; C) HbC1; D) BMI; E) Type of tendinopathy: Insertional (I) and Non-Insertional 

(NI) F) Symptoms duration (months). 

3.2. VAS Results 

The positive changes in VAS (Figure 2), was observed as early as two weeks and increases up to 

the twenty-fourth week (Figure 2A; p<0.0001). The pattern of VAS change follows a consistent 

hyperbolic trend, both for patients with AT-I and for those with AT-NI. The curves are parallel to 

each other, with a slight predominance in the AT-I patient group (Figure 2B). These differences 

remain consistent between the two curves throughout the treatment period and the differences at 

each step (2, 4, and 24 weeks) are statistically significant for both groups over time (Figure 2C; 

p<0.0001).  

M
al

es

Fem
al

es A
ll

0

20

40

60

80

Age distribution

Categories

N
u

m
b

e
r 

o
f 
s

u
b

je
c

ts

B

M
al

es

Fem
al

es A
ll

0

10

20

30

40

BMI

Categories

In
d

e
x

D

M
al

es

Fem
al

es A
ll

0

3

6

9

12

Categories

H
b

1
A

%

Hb1A
C	

I
N
I

0

5

10

15

Achilles tendynopathy

Categories

In
d

e
x

E	

Male
s

Fe
male

s

0

5

10

15

Gender distribution

Gender

N
u

m
b

e
r 

o
f 
s

u
b

je
c

ts

A

I
NI

0

10

20

30

Symptoms duration

Categories

M
o

n
th

s

p=ns

F	

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2025 doi:10.20944/preprints202512.2700.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.2700.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 14 

 

 

Figure 2. VAS analyses. A) Mean VASvalues including all patients during the time; B) VAS linear regression 

according the type of AT: Insertional (I) and Non-Insertional (NI); C) ANOVA test concerning the VAS variation 

in AT-I and AT-NI groups; D) Log-rank test for the RTW time calculation; E) Delta VAS according the 

compliance of protocol; F) Delta VAS variation associated for ml of collagen injected. 

This is in agreement on the treatment revealing similar clinical results between the two groups 

regarding the return to work interval (RTW; Figure 1D), where no statistically significant differences 

were observed between AT-I and AT-NI groups. The average differences (measured in days for RTW) 

were respectively: 35 vs 37 days (p=0.2268; HR=1.057). The protocol provided the administration of 5 

doses of collagen, each 2ml (A total of 10 ml). The compliance with the protocol was complete in 77% 

of cases (Complete Adherence (CA; 5 doses), while incomplete adherence (IA; 4 doses) was observed 

in 23% of cases. However, the change in VAS at six months was not statistically significant between 

the two groups (Figure 2E; p=ns). Even with 4 doses, the treatment's efficacy was demonstrated. 

Finally, the improvement in VAS in terms of score points per ml of collagen applied was a little better 

in patients with AT-I vs AT-NI (Figure 2F; p=0.0044), although the average infiltrated volumes were 

identical (9.38 vs 9.78). 

0 4 8 12 16 20 24
0

2

4

6

8

10

Weeks Elapsed

S
c

o
r
e

VAS Linear regression

I

NI

B	

0 20 40 60
0

50

100

Return to Work

Days elapsed

P
e

r
c

e
n

t 
R

T
W

I

NI

p=0.2268

HR=1.057

95% CI  0.452-2.473

D	

0 2 4 24

0

2

4

6

8

10

VAS variation

Weeks Elapsed

S
c

o
r
e

I

NI

p=0.0001

* *

C	

I

NI

0.0

0.2

0.4

0.6

0.8

VAS variation product-associated

Tendinopathy

S
c

o
r
e

/m
L

 o
f 

c
o

ll
a

g
e

n

I

NI

p=0.0044

F	

CA IA

0

2

4

6

Delta VAS 6 months

Protocol Adesion

S
c

o
r
e

CA 77%

IA   23%   

p=ns

E	

0 2 4 24

0

4

8

12

Weeks

S
c

o
re

VAS Variations

p=0.0001

A	

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2025 doi:10.20944/preprints202512.2700.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.2700.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 14 

 

3.3. VISA-A Results 

The statistical analysis concerning the VISA-A score (Figure 3) revealed a significant variation 

of mean values comparing pre- vs post-treatment in all patients (45.50 vs 82.70, p<0.00001; Figure 3A). 

Indeed, ANOVA analysis looking for the VISA-A variation in TA-I vs AT-NI pre- and post-treatment 

showed significant difference for the treatment (p<0.0001; Figure 3B), while no statistically significant 

differences were observed between the two types of tendinopathies (p=0.2222; Figure 3B). The delta 

VISA-A scores (at a 6-month follow-up) were equal to 32.78 vs 38.97 for AT-I and AT-NI, respectively 

(p=0.6523; Figure 3C). Numerical change of VISA-A per unit of collagen injected in the two types of 

ATs (I vs NI) were 3.28 vs 4.01, respectively (p=0.4961; Figure 3D). Although in this last analysis the 

differences are not statistically significant, AT-NI patients seem to benefit more from collagen 

treatment. 

 

Figure 3. VISA-A analyses. A) VISA_A mean scores in all AT patients in pre and post treatment; B) VISA-A 

variation in the AT-I and AT-NI; C) Delta VISA-A variation after six months; D) Delta VISA-A variation for ml 

of collagen administered. 

3.4. Adverse Events (AEs) 

Throughout the duration of this study, no adverse events associated with Porcine collagen 

administration were reported, among those included and reported in the materials and methods 

section. 

4. Discussion 

Achilles tendinopathies are certainly associated with external factors such as prolonged 

activities, even under load stress, but systemic comorbidities can be a risk factor for tendon injuries, 

directly affecting their structure by changing the arrangement of collagen fibers in the tendon [57,58]. 

Intrinsic pathological factors such as quality, body mass index (BMI), diet, metabolic diseases, foot 

alterations like high arches, directly influence the health of tendons and their structure in different 

ways and have all been confirmed as risk factors for tendinopathies, including Achilles 

tendinopathies [59,60]. Diabetes is associated with tendinopathy by altering cellular metabolism [59], 
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increasing intracellular water content leading to edema; decreasing the ability to tolerate ischemic 

stress; and increasing cross-links within collagen fibers due to advanced glycation end products, thus 

altering tissue structure [61]. Disorganization of collagen fibrils can also be a consequence of 

dyslipidemia, which leads to reduced tissue density, or hypercholesterolemia, where abnormal fat 

deposits can be macroscopically visible in tendons, forming xanthomas [58]. Long-term morbidity 

with unpredictable clinical outcomes is a clinical situation that can occur in diabetic patients with AT. 

Initial management is conservative, with many patients showing satisfactory results [58,60]. 

Physiotherapy and kinesitherapy are usually the first conservative approach, while surgical 

treatment is generally left as a last option [62–64]. A whole range of local conservative approaches 

are available for the treatment of tendinopathies. Among those shown to have a beneficial effect are: 

the use of platelet-rich plasm [39,40], shockwaves [41–43] and collagen [65–68]. Although collagen 

has been shown to have a positive effect in various tendinopathies, it is rarely used in both insertional 

and non-insertional AT thanks to its regenerative and reparative properties as an ECM matrix 

scaffold. In this study, the use of collagen seems to be justified and supported by the fact that diabetic 

patients have an altered collagen structure due to the side effects of excessive glycosylation [58,60,61]. 

The change in the type of collagen fibers in the tendon is indeed one of the reasons underlying 

tendinopathies in diabetic patients [69]. In the present study, the application of collagen improved 

functionality and reduced pain in diabetic patients affected by both insertional and non-insertional 

Achilles tendinopathy. In fact, improvement was observed in terms of changes in the VAS (Figure 2) 

and VISA-A (Figure 3). The clinical effect of collagen application can probably be explained by the 

fact that in vitro studies have shown the role of collagen as a modulator of the regenerative and 

morpho-functional activities of tenocytes [55,56]. Herein, the results of present analyses, concerning 

the improvements in VAS and VISA-A parameters, seem to be in line with those obtained with other 

conservative approaches such as platelet-rich-plasma [70] and extracorporeal shock waves [71]. These 

results seem to indicate a possible alternative for the treatment of Achilles tendinopathies in diabetic 

patients, where even pharmacological approaches also are challenging [60,72–74], as the treatment of 

Achilles tendinopathy with corticosteroids is strongly contraindicated, although literature reports 

positive results in this regard [75]. From a pharmacological standpoint, other substances, such as 

antibiotics, are also strongly contraindicated in the treatment of these conditions, even in non-diabetic 

patients [76,77].  

As a whole, Looking at our results observed we found the following points of interest for 

improving the clinical condition of diabetic patients with Achilles tendon tendinopathy: 

• The positive change in VAS is observable already after two weeks and increases up to 

week 24. 

• The product acts positively on both diabetic patients with AT-I and those with AT-NI. 

The results seem to indicate a good efficacy of the product in terms of pain reduction already after 2 

weeks looking for a hyperbolic increasement up to 24 weeks. 

• The diabetic subjects treated with 4 doses of collagen show a sum of effects comparable 

to those treated with 5 doses. Four doses could already indicate an appropriate protocol for diabetic 

subjects with AT-I and AT-NI. 

• Subjects with AT-I (typical of athletes) seem to benefit more in terms of pain 

improvement, but the functional evaluations of the VISA-A do not reveal statistically significant 

differences, although the VISA-A score is better in patients with AT-I. 

This retrospective case series provides compelling evidence supporting the clinical benefit and 

safety of infiltrative collagen for Achilles tendinopathy in diabetic patients. The observed 

improvements in pain and function were rapid, sustained, and achieved without adverse events in 

compareson with other convervative approaches [70,71,78–81]. Comparison with existing literature 

indicates that collagen may offer a valid alternative to corticosteroids, particularly in fragile patients 

for whom steroids are contraindicated. The absence of complications further supports its safety 

profile. Nevertheless, it is necessary to mention the main limitations present in this study: 1) the 

number of subjects who underwent the treatment is still not high and a larger number of diabetic 
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subjects affected by AT could provide greater statistical power. 2) The results obtained are based on 

an assessment conducted six months after the treatment. More extensive longitudinal analyses could 

provide more precise indications regarding the maintenance of the clinical outcome associated with 

collagen injection. 3)  Instrumental analyses regarding the health status of the Achilles tendon could 

verify wheter the remodeling of the tendon might be associated with the action of collagen. However, 

methodological rigor, the quite complete protocol adherence by patients and the comprehensive 

outcome tracking, reinforce the validity of the findings rmentioned above. 

5. Conclusions 

Collagen injections are well tolerated and clinically effective in patients with diabetes. 

Improvement is noted both in terms of pain reduction and functional recovery. The treatment 

appears to be effective in both insertional and non-insertional Achilles tendinopathies. Diabetes 

seems to specifically affect the collagen fibers that make up tendons; consequently, the supply of new 

exogenous collagen appears to represent a direct approach against diabetes-associated tendinopathy. 

These results support the use of collagen injection as a first-line therapeutic alternative, thanks to its 

safety and effectiveness, in populations where corticosteroids are contraindicated. Future multicenter 

studies are needed to validate predictive models and stratified treatment strategies. 
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