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Abstract
Introduction: Tendon injuries pose a significant clinical challenge due to limited regenerative capacity, resulting 
in incomplete healing, adhesions, and impaired function. Biological Therapies (BT), including Platelet-Rich Plasma 
(PRP), Mesenchymal Stem Cells (MSCs), Acellular Dermal Matrix (ADM), and Platelet Lysate (PL), have gained 
attention for their potential to enhance Tendon Repair (TR) through the modulation of inflammation, stimulation 
of angiogenesis, and promotion of collagen synthesis. However, the clinical outcomes of these therapies remain 
inconsistent.
Objective: To evaluate the current evidence on the use of these BT in TR, focusing on their efficacy in improving 
healing and functional outcomes, and their complications rate.
Methodology: This systematic review was conducted in accordance with the PRISMA 2020 guidelines. Comprehensive 
searches were conducted in October 2024 across PubMed, ScienceDirect and Google Scholar. Randomized controlled 
trials and observational studies assessing the efficacy of BTs in tendon repair and healing were included. Quality 
assessment was performed using the Cochrane RoB2 tool. Outcomes were synthesized focusing on functional 
recovery, structural integrity, and complication rates.
Results: PRP was the most studied therapy (66.6%, n=8), with mixed results. Chronic conditions such as lateral 
elbow tendinopathy showed significant long-term benefits (VAS reduction: -2.43; p<0.001). MSCs significantly 
improved functional scores in Achilles tendon ruptures (AOFAS: +15.8; p<0.01). ADM reduced postoperative 
adhesions and enhanced satisfaction (p<0.05). PL demonstrated superior long-term outcomes in rotator cuff 
tendinopathy (VAS: -2.5; p=0.01).
Conclusions: BTs show potential in TR, particularly in chronic conditions, but variability persists due to injury 
temporality, tendon-specific characteristics, and the biological therapy protocol employed. Standardization and 
combinatorial approaches may enhance clinical outcomes, warranting further high-quality research.
Keywords: Tendons; Therapy; Platelet-Rich Plasma; Mesenchymal Stem Cells; Acellular Dermal; Biological 
Therapy (MeSH).

Resumen 
Introduccion: las lesiones tendinosas representan un desafío clínico significativo debido a su limitada capacidad 
regenerativa, lo que resulta en cicatrización incompleta, formación de adherencias y función disminuida. Las 
terapias biológicas, como el Plasma Rico en Plaquetas (PRP), las Células Madre Mesenquimales (MSC por sus siglas 
en inglés), la Matriz Dérmica Acelular (ADM por sus siglas en inglés) y el Lisado Plaquetario (PL por sus siglas 
en inglés), han ganado atención por su potencial para mejorar la reparación tendinosa mediante la modulación 
de la inflamación, la estimulación de la angiogénesis y la promoción de la síntesis de colágeno. Sin embargo, los 
resultados clínicos de estas terapias son inconsistentes.
Objetivo: evaluar el impacto de las terapias biológicas en la reparación tendinosa, centrándose en su eficacia para 
mejorar la cicatrización, los resultados funcionales y su tasa de complicaciones.
Metodología: siguiendo las directrices PRISMA, se realizaron búsquedas en bases de datos como PubMed, 
ScienceDirect y Google Scholar para estudios publicados entre 2020 y 2024. Ensayos clínicos aleatorizados y estudios 
observacionales que evaluaron la eficacia de las terapias biológicas en la reparación y cicatrización tendinosa fueron 
incluidos. La calidad metodológica se evaluó mediante la Escala de la herramienta Cochrane RoB2. Los resultados 
se sintetizaron centrándose en la recuperación funcional, la integridad estructural y las tasas de complicaciones.
Resultados: el PRP fue la terapia más estudiada (66.6%, n=8), con resultados variables. Las condiciones crónicas, 
como la tendinopatía lateral del codo, mostraron beneficios significativos a largo plazo (reducción del EVA: -2.43; 
p<0.001). Las MSC mejoraron significativamente las puntuaciones funcionales en rupturas del tendón de Aquiles 
(AOFAS: +15.8; p<0.01). La ADM redujo las adherencias postoperatorias y mejoró la satisfacción (p<0.05). El PL 
mostró mejores resultados a largo plazo en la tendinopatía del manguito rotador (EVA: -2.5; p=0.01).
Conclusiones: las terapias biológicas tienen potencial en la reparación de tendones, particularmente en condiciones 
crónicas, aunque persiste la variabilidad debido a la temporalidad de las lesiones, las características específicas de 
los tendones, y los protocolos empleados con la terapia biológica. La estandarización y las terapias combinadas 
podrían mejorar los resultados clínicos, justificando investigaciones de mayor calidad.
Palabras clave: Tendones; Terapia; Plasma Rico en Plaquetas; Células Madre Mesenquimales; Dermis Acelular (DeCS).
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Introduction

Tendon injuries represent a clinical challenge for physicians since it is a slow healing process, 
with a high predisposition to complications, impaired function, and recurrence.1-3 The complexity 
of tendon healing stems from the inherently limited regenerative capacity of tendon tissue 
with a low metabolic rate, hypocellular composition, and a relatively poor vascular supply.1 
The tendons most frequently injured include the shoulder rotator cuff, Achilles tendon, and 
patellar tendon, with injuries to these and other structures such as the hand flexor tendon 
carrying considerable clinical importance.1 Traditional therapeutic options for Tendon Repair 
(TR) involve surgical procedures and physical therapy, which often fail to generate an optimal 
recovery of mobility and patient perception.4-6 For this reason, it is important to explore 
therapeutic alternatives with the aim of obtaining better patient results.7,8

In recent years, Biological Therapies (BT) have been proposed as therapeutic alterna-
tives for various medical conditions, including tendon injuries. These therapies focus 
on increasing the intrinsic regenerative characteristics of the human body, leading, 
theoretically, to better tissue recovery and healing.9,10 Among these biological therapy 
alternatives, Platelet-Rich Plasma (PRP)11 has been noticeable due to its high concentration 
of growth factors, such as Platelet-Derived Growth Factor (PDGF)12, Transforming 
Growth Factor-Beta (TGF-β)13, and Vascular Endothelial Growth Factor (VEGF), which 
collectively modulate inflammation, stimulate angiogenesis (promoting greater cell 
repair) and promote collagen synthesis.14,15 Likewise, Mesenchymal Stem Cells (MSCs), 
which are derived from different types of tissues such as adipocytes, bone marrow, and 
umbilical cord, offer a unique regenerative property by being able to differentiate into 
tenocytes and create a favorable cellular microenvironment for healing.16,17 Additional 
strategies, such as Acellular Dermal Matrix (ADM), and Platelet Lysate (PL) provide 
structural scaffolds and bioactive molecules to further augment TR.18-20

Despite the theoretical properties that may favor TR processes, several clinical studies 
have reported controversial results regarding the use of these therapies, largely due to 
differences in tendon type, injury characteristics, patient population, and the specific protocol 
for the use of these BT.21-22 For example, although PRP has shown favorable long-term 
results in conditions such as elbow tendonitis, its efficacy in acute or surgical contexts is 
not very clear.24 MSCs and ADM have demonstrated their potential in preclinical studies 
but their role in the standard therapy of these conditions remains under investigation.25

Given the clinical burden of tendon injuries and the inconclusive evidence surrounding 
current biological therapeutic strategies, a comprehensive synthesis of the available 
literature is necessary. While it is acknowledged that each tendon structure presents 
unique biomechanical properties, healing environments, and prognostic profiles that may 
influence the response to biological therapies, evaluating these treatments across a broad 
range of tendon types allows a more generalizable and clinically applicable synthesis of 
the current evidence. Therefore, this systematic review aims to (1) evaluate the efficacy 
of PRP, MSCs, ADM, and PL in improving tendon healing and functional outcomes; (2) 
assess their complications rates; and (3) identify gaps in the current evidence, as well as 
the strengths and limitations of each strategy, to guide future clinical implementation.

By consolidating findings across different tendon types, injury characteristics, and 
patient populations, this review seeks to provide clinicians with an evidence-based 
framework for the rational use of biological therapies in tendon repair. 

Methodology 

This systematic review was conducted in accordance with the PRISMA 2020 guidelines,26,27 

thus following a structured approach. It was registered in PROSPERO as Biological 
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therapies in tendon repair: Effect on functional recovery, structural integrity, and 
complication rates. A systematic review. [CRD420261379294].

Research question (PICO strategy) – Eligibility criteria 

•	 Population: Patients with tendon injuries.
•	 Intervention: Use of BT (growth factors, stem cells, PRP, etc.).
•	 Comparison: Conventional treatments or no biological intervention.
•	 Outcome: Improvement on functional recovery, structural integrity, and complications rates.

Inclusion criteria: 

•	 Randomized controlled trials and observational (cohort, case-control and/or cross-sectional) 
studies conducted in humans.

•	 Studies conducted in patients who underwent tendon repair surgery or received non-ope-
rative treatment of tendon injuries.

•	 Studies evaluating functional recovery, structural integrity, and complications rates.
•	 Studies reporting data on the use of BT (growth factors, stem cells, platelet rich plasma, etc.).
•	 Studies published in English or Spanish.
•	 Studies published in the last 4 years.

Exclusion criteria: 

•	 Reviews, case series, case reports, letters to the editor, or editorials.
•	 Studies that do not evaluate functional recovery, structural integrity, and complications rates.
•	 Studies that did not include the use of BT.
•	 Studies published in languages other than English and Spanish.
•	 Studies with incomplete or insufficient data for outcome analysis.
•	 Studies conducted in patients with severe comorbidities that can affect the healing process 

(e.g., uncontrolled diabetes, autoimmune diseases).
•	 Duplicated articles or studies with overlapping data.

Information sources and search strategy 

Searches were conducted in October 2024 in PubMed and ScienceDirect using the 
following search strategy: ((((((Flexor tendon injury) OR (Flexor tendon repair)) AND 
(Biological therapy) OR (Growth factors) OR (platelet-rich plasma) OR (stem cells)) AND 
(((Tendon healing) OR (postoperative function)) OR (functional recovery)) NOT review. 
The search was refined to include only studies published since January 2020. Additional 
searches were conducted in Google Scholar (first 10 pages) to identify any additional 
relevant articles published in journals not indexed in these databases.

Study screening and selection process 

Records retrieved from the searches were imported into the Rayyan software for screening 
purposes. After records marked as ineligible by the automation tool were removed, 
two reviewers (MARB and JSRB) screened the titles and abstracts to exclude studies 
failing to meet one or more inclusion criteria. Full-text reading was then performed to 
assess their eligibility based on compliance with the inclusion criteria and the absence 
of any exclusion criteria. This process was conducted independently and disagreements 
between reviewers were resolved through discussion until a consensus was reached. 
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Data Extraction and Quality Assessment 

Data on the following variables were systematically extracted from each included study using 
a structured Excel template: authors, year of publication, country of origin, study design, 
objective, sample size and main characteristics of patients (where available), and main results 
(comprehensive summary). Data was extracted independently by two reviewers (MARB 
y JSRB); disagreements were resolved through discussion until a consensus was reached.

The methodological quality of the included studies was evaluated using the Cochrane RoB2 
tool,33 which evaluates the following domains: (D1) bias arising from the randomization process; 
(D2) bias due to deviations from intended intervention; (D3) bias due to missing outcome 
data; (D4) bias in measurement of the outcome; (D5) bias in selection of the reported result.

Results 

A total of 326 records were retrieved from the searches conducted in PubMed and 
ScienceDirect. After removing duplicates (n=0) and records marked as ineligible by the 
Rayyan software (n=112), 214 studies were screened through title and abstract reading, 
excluding 97. Then, of the 117 records read in full to assess their eligibility, 101 were 
excluded because they did not meet the inclusion criteria (n=88) or they deviated from 
the objective of the review (n=14). Thus, a total of 12 studies met the inclusion criteria 
and were included for analysis in this systematic review. It is worth noting that the 
searches in Google Scholar did not yield any results. The study identification, screening, 
and selection process is illustrated in Figure 1 (PRISMA flow diagram).

Figure 1. PRISMA flow diagram of the study identification, screening, and selection process.

Source: Own elaboration based on Haddaway et al.26
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Characteristics of the studies included in the review 

All included studies (n=12) were randomized controlled trials. Sample sizes ranged from 
15 to 230 patients, with an aggregate sample of 761 individuals. Furthermore, all the 
studies were published in English, and 2024 and 2022 were the most frequent years of 
publication (33.3% each). The main characteristics of the studies are summarized in Table 1. 

Table 1. Main characteristics of the studies included in the review (n=12).
Author, 

publication 
year

Country Study type Objective
Sample size 

and patients’ 
characteristics 

Intervention Main Result

Kamble  
et al.,24 2023

India

RCT 
(Prospective 
triple-blinded 
study)

To assess the efficacy 
of ultrasound 
(US)-guided PRP 
injections compared 
to US-guided steroid 
injections in patients 
with lateral elbow 
tendinopathy (LET) 
over a long-term 
follow-up of 2 years.

64 non-athletes 
(35 females; 
54.69%) aged 22 
to 60 years (mean 
age: 40 years) with 
LET refractory 
to conservative 
treatment.

- PRP group (n=32): 
US-guided PRP injection 
(approximately 3 mL) 
directly in the lesion - 
Steroid group (n=32): 
US-guided corticosteroid 
injection.

PRP provided long-
term improvement 
in LET (2 years), 
while steroids had 
better short-term 
results (3 months).

Vieira  
et al.,25 2024 

Brazil RCT 

To assess the effect 
of adipose-derived 
stem cells (ADSCs) 
in the treatment of 
acute rupture of the 
Achilles tendon.

15 adult patients 
aged over 18 
years, with 
a history of 
acute rupture 
of the Achilles 
tendon (72 h) 
were randomly 
allocated into 
three groups: 
control (n=5, 
mean age 56.6, 
4 males and 1 
female), rupture + 
suture (n=5, mean 
age 44.8, 5 males), 
and rupture + 
ADSCs (mean age 
46.4, 5 males).

- Group 1 (n=5): 
conservative treatment with 
immobilization + partial 
support for 6 weeks, and 4 
weeks with full support.
- Group 2 (n=5): surgical 
treatment with minimally 
invasive suture, followed by 
the previously mentioned 
immobilization scheme. 
- Group 3 (n=5): 
conservative treatment with 
the previously mentioned 
immobilization scheme 
+ injection of autologous 
ADSCs in the 3rd week.

Stem cell therapy 
improved recovery 
in Achilles tendon 
ruptures.

Keene  
et al.,28 2022

England 
and 
Wales

RCT 
(randomized 
multicenter 
two-arm 
parallel-group, 
participant- 
and 
assessor-
blinded 
superiority 
trial)

To determine 
whether PRP 
injection improves 
outcomes two years 
after acute Achilles 
tendon rupture.

230 patients (173 
males; 75.22%) 
aged 18 years and 
over (mean age: 
46 years) with 
acute Achilles 
tendon rupture 
managed with 
non-surgical 
treatment from 19 
hospitals.

- Intervention group 
(n=114): PRP injection (4 
ml) in the center of the 
tendon gap within 12 days 
of injury.
- Control group (n=116): 
place injection (empty 
syringe) in the tendon gap 
within 12 days of injury. 
219 patients received the 
allocated intervention and 
182 completed the two-year 
questionnaire.

PRP injection 
did not improve 
outcomes two 
years after acute 
Achilles tendon 
rupture compared 
with placebo.
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Author, 
publication 

year
Country Study type Objective

Sample size 
and patients’ 

characteristics 
Intervention Main Result

Pitsilos  
et al,.29 2024

Greece
Single-blinded 
prospective 
RCT

To evaluate the in 
vivo effect of PRP 
injection on tendon 
structure and 
tenocyte morphology 
in patients with 
degenerative 
supraspinatus tendon 
tear. 

20 patients with 
a degenerative 
supraspinatus 
tendon tear 
with indication 
of arthroscopic 
repair.
Intervention 
group: n=10, 8 
females and 2 
males, mean age 
of 58 years) were 
randomized to 
either receive 
a PRP injection 
before surgery
Control group: 
n=10, 8 females 
and 2 males, mean 
age of 60.3 years. 

- Intervention group: a PRP 
injection was administered 
6 weeks before the 
arthroscopic surgery. 
PRP was injected into the 
subacromial space under 
US-guidance.
- Control group: no injection 
before arthroscopic repair.

Six weeks after the 
injection of PRP, 
the microscopic 
appearance of the 
tendon was quite 
similar to that of 
an intact tendon. 
In contrast, tendon 
specimens in 
which no PRP was 
injected showed 
degenerative 
features. Based 
on these results, 
authors conclude 
that PRP can 
induce microscopic 
changes in the torn 
tendon stimulating 
the healing process 
and, therefore, 
may improve the 
healing capacity of 
surgically repaired 
rotator cuff tears.
These findings 
indicate that 
PRP can induce 
microscopic 
changes in the 
ruptured tendon 
by stimulating the 
healing process 
and can facilitate 
a more effective 
recovery.
During 
arthroscopy, a 
full-thickness 
supraspinatus 
tendon specimen 
was harvested

Table 1. Main characteristics of the studies included in the review (n=12). (Continued)
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Author, 
publication 

year
Country Study type Objective

Sample size 
and patients’ 

characteristics 
Intervention Main Result

Centeno  
et al.,30 2024

USA
RCT, crossover 
design

To compare 
ultrasound-guided 
Bone Marrow 
Concentrate (BMC) 
treatment to home 
exercise therapy 
program for the 
management of 
non-retracted 
supraspinatus tears 
in the short-term (3 
months). 

51 patients 
aged between 
18-65 years with 
a non-retracted 
supraspinatus 
tendon tear were 
randomized to 
either BMC group 
(n=34, 10 female 
and 24 male) or 
exercise therapy 
group (n=17, 8 
female and 9 
male).

- Intervention group 
(n=34): percutaneous 
administration of a 
combination BMC with 
autologous BMC (60%), PRP 
(20%) and PL (20%) within a 
single day.  
- Control group (n=17): 
home exercise program 
focused on shoulder 
strengthening, stability, and 
stretching. 

BMC treatment 
had an overall 
improvement in 
high grade partial 
and full thickness 
supraspinatus 
tears, as compared 
to exercise 
therapy. 

Thermann, 
et al.,31 2023

Germany
Prospective 
RCT 

To determine 
if endoscopic 
debridement plus 
intraoperative 
application of PRP 
is more effective 
than endoscopic 
debridement alone in 
improving functional 
outcomes in patients 
with Achilles tendon 
tendinopathy. 

36 patients 
between 18-70 
years with mid-
portion Achilles 
tendinopathy 
refractory to 
conservative 
management for 
at least 6 months, 
were randomized 
to undergo 
endoscopic 
debridement. 
Control group: 
n=19, 43.2±11.7 
years
Intervention 
group: n=17, 
52.8±9.8 years.

- Intervention group: 
endoscopic debridement 
in combination with 
intraoperative application 
of PRP in and around the 
area of tendinopathy. 
- Control group: endoscopic 
debridement alone.

The intraoperative 
administration 
of PRP during 
endoscopic 
debridement 
did not improve 
clinical outcomes, 
as there were 
no statistical 
differences 
between groups 
in the different 
clinical and MRI 
parameters 
assessed at any of 
the measurement 
moments (6 weeks, 
3, 6 and 12 months 
after surgery). 
Satisfaction scores 
were significantly 
higher in the PRP 
group at 6 weeks 
(p=0.003) and 3 
months (p=0.03), 
but they were not 
significant at 6 and 
12 months after 
surgery.

Table 1. Main characteristics of the studies included in the review (n=12). (Continued)
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Author, 
publication 

year
Country Study type Objective

Sample size 
and patients’ 

characteristics 
Intervention Main Result

Markazi  
et al.,32 
2022ds

Iran
RCT, double 
blind.

To determine if 
local application 
of PL improves 
patient-reported 
outcomes in rotator 
cuff tendinopathy 
compared 
to ketorolac 
tromethamine 
administration.

40 patients with 
rotator cuff 
tendinopathy, 
aged between 
18-75 years, 
randomly 
assigned to either 
PL application 
(n=20, 7 males 
and 13 females, 
mean age 45±13) 
or ketorolac 
tromethamine 
application (n=20, 
10 males and 10 
females, mean age 
51±15).

- Intervention group (n=20): 
3 subacromial injections of 
PL; one every week.
- Control group: 2 injections 
of ketorolac tromethamine; 
one every two weeks.
Subjective assessments 
(VAS, SPADI and shoulder 
range of motion) were made 
at baseline, 1 month and 6 
months after injection.

PRP was superior 
to ketorolac 
for long-term 
improvement 
in rotator cuff 
tendinopathy.

Boesen  
et al.,33 2020

Denmark

RCT, double-
blinded, 
prospective, 
single-center

To compare the 
effects of multiple 
PRP and placebo 
injections on clinical 
and functional 
outcomes in patients 
with non-surgically 
treated Achilles 
tendon ruptures 
(ATRs).

40 healthy men 
aged between 
18-60 years with a 
diagnosis of total 
ATR less than 4 
days old.

- Intervention group: PRP 
was injected ultrasound-
guided into the rupture gap. 
- Control group: the needle 
with saline was inserted 
under the skin more 
anteriorly away from the 
rupture gap.

PRP did not show 
superior clinical 
and functional 
improvement 
in non-surgical 
Achilles tendon 
rupture.

Rossi et al.,34 
2024

Argentina
Double-blind 
RCT 

To evaluate the 
efficacy of using 
leukocyte-poor 
PRP (LP-PRP) as 
an adjuvant to 
arthroscopic rotator 
cuff repair (ARCR) in 
decreasing the retears 
rate in individuals 
with rotator cuff 
tears. 

96 patients with 
rotator cuff tears 
< 3cm undergoing 
double-row 
suture-bridge 
repair (56.1±2.98 
years) control 
group or the PRP 
group, with a 
mean patient age 
of 56.1 ± 2.98 
years.

- Intervention group (n=48, 
58.3% males): double-row 
suture-bridge ARCR + 1 
intraoperative LP-PRP 
injection at the tendon-
bone interface.
- Control group (n=48, 
54.2% males): double-row 
suture-bridge ARCR alone.

The retear rate 
at 6 months 
after surgery was 
significantly lower 
in the LP-PRP 
group (15.2% vs. 
34.1%, p=0.037), 
however there 
were no significant 
differences 
between groups 
in terms of pain 
(VAS) and patient-
reported outcomes 
(American 
Shoulder and 
Elbow Surgeons 
score, Single 
Assessment 
Numeric 
Evaluation, and the 
Pittsburgh Sleep 
Quality Index). 

Table 1. Main characteristics of the studies included in the review (n=12). (Continued)

Maria Parra
borrar
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Author, 
publication 

year
Country Study type Objective

Sample size 
and patients’ 

characteristics 
Intervention Main Result

Lee et al.,35 
2022

South 
Korea

RCT

To assess the efficacy 
and safety of acellular 
dermal matrix (ADM) 
use after surgical 
repair of flexor 
tendon in the hand 
zones.

25 patients (mean 
age: 44.36 years; 
19 males) with an 
acute single flexor 
tendon injury in 
hand Zones III, IV, 
or V.

- Intervention group (n=13): 
tendon repair surgery + 
ADM wrapping (application 
of ADM over the repaired 
tendon in a slightly larger 
size than the defect in 
the tendon sheath in a 
wrapping manner)
- Control group (n=12): 
surgical repair alone.

 ADM significantly 
improved 
functional 
outcomes in flexor 
tendon repair and 
reduced adhesions.

Zhang 
et al.,36 2022

China RCT

To determine if 
leukocyte-poor 
platelet-rich plasma 
(Lp-PRP) reduces 
retear rates and 
fatty infiltration and 
improved functional 
outcomes in patients 
with degenerative 
moderate-to-large 
rotator cuff tears.

104 patients with 
moderate-to-large 
rotator cuff 
tears, undergoing 
double-row 
suture-bridge 
arthroscopic 
rotator cuff repair 
were randomly 
assigned to a 
control group 
(n=52, mean age 
58.7, 19 males 
and 27 females) 
or a Lp-PRP 
injection group 
(n=52, mean age 
57.4, 14 males 
and 29 females), 
and followed up 
for 27.2 months 
(24-36 months).

- Intervention group (n=52): 
double-row suture-bridge 
repair followed by 3 Lp-PRP 
injections at the tendon 
repair site during surgery, at 
days 7 and 14 after surgery.
- Control group (n=52): 
double-row suture-bridge 
arthroscopic rotator cuff 
repair alone.
Follow-up data at 24 
months were available for 
89 patients.

LP-PRP reduced 
retear rates and 
fatty infiltration at 
24 months follow-
up, but did not 
improve clinical 
outcomes.

Olesen  
et al., 37 
2021

Denmark RCT

To study whether 
IGF-1 injections 
combined with heavy 
slow resistance (HSR) 
training enhance 
tendon synthesis, 
tissue structure, and 
patient satisfaction 
versus saline 
injection combined 
with HSR training in 
patients with patellar 
tendinopathy. 

40 patients with 
unilateral patellar 
tendinopathy, 
aged between 
18-50 years, 
were assigned 
to receive either 
intratendinous 
IGF-1 injections 
(n=20, mean age 
29, 4 females 
and 16 males) or 
isotonic saline 
injections (n=20, 
mean age 29, 5 
females and 15 
males).

IGF-1 (0.1mL) was injected 
into the tendinopathic part 
of the patellar tendon in 
half of the participants, 
ultrasound-guided. A total 
of 3 injections were given at 
weeks 0, 1, and 2 one hour 
before the supervised HSR 
training.  

IGF-1 combined 
with exercise 
did not provide 
long-term benefit 
for patellar 
tendinopathy.

ACL: Anterior Cruciate Ligament; PL: Platelet Lysate; SPADI: Shoulder Pain and Disability Index; VAS: Visual Analogue Scale.
Source: own elaboration.

Table 1. Main characteristics of the studies included in the review (n=12). (Continued)
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Quality assessment 

Of the 12 included studies, one had low risk of bias, the majority (9) had some concerns, 
with only two having high risk of bias. In general, the studies were rated as “some 
concerns” because key methodological details were often insufficiently reported. Most 
trials did not fully describe their randomization methods or allocation concealment, and 
blinding of participants, personnel, or outcome assessors was either partial or unclear. 
Additionally, handling of missing data was frequently not specified, and pre-registration 
of protocols was lacking, leaving some uncertainty about selective outcome reporting. 
These gaps increase the potential for bias, even though the trials generally followed 
appropriate intervention protocols and reported clinically relevant outcomes. A detailed 
breakdown of the individual quality scores is provided in Table 2.

Table 2. Quality assessment of the included studies (Cochrane RoB2 tool).

  Risk of Bias Domains

Author D1 D2 D3 D4 D5 Overall
Kamble  
et al.,24 2023

Some concerns Low  Low Low Some concerns Some concerns

Keene et al.,28 

2022
Low Low  Low Low Low Low

Pitsilos et 
al.,29 2024

Some concerns
Some 

concerns
Low Low Some concerns Some concerns

Centeno  
et al.,30 2024

Low High  Low High Low High

Thermann,  
et al.,31 2023

Some concerns
Some 

concerns
 Low High Some concerns  High

Markazi  
et al.,32 2022

Some concerns
Some 

concerns
 Low Some concerns Low Some concerns

Boesen  
et al.,33 2020

Some concerns
Some 

concerns
Low Some concerns Some concerns Some concerns

Rossi et al.,34 

2024
Some concerns

Some 
concerns

 Low Some concerns Some concerns Some concerns

Lee et al.,35 
2022

Some concerns
Some 

concerns
Low Some concerns Some concerns Some concerns

Zhang et al.,36 

2022
Some concerns

Some 
concerns

 Some concerns Low Low Some concerns

Vieira  
et al., 25 2024 

Some concerns
Some 

concerns
 Some concerns Some concerns Some concerns Some concerns

Olesen  
et al.,37 2021

Some concerns Low  Some concerns Some concerns Some concerns Some concerns

Source: own elaboration.

Synthesis of findings 

The studies varied in their focus on PRP, MSCs, ADM, and PL. Outcomes were analyzed 
based on functional recovery, structural integrity, and complication rates. The findings 
are summarized below, with an emphasis on the statistical significance and effect sizes 
observed. The mechanisms of action of different BTs in TR are illustrated in Figure 2. 



11/18Rev Col Or Tra  |  https://doi.org/10.58814/01208845.562

Biological therapies in tendon repairRCOT

Platelet-Rich Plasma 

PRP was the most extensively studied intervention, with 8 (66.6%) of the 12 studies 
focusing on its applications in TR across different injury types.

Functional Outcomes:

•	 Keene et al. (2022) 28 reported no significant differences in Achilles Tendon Total Rupture 
Score (ATRS) between PRP and placebo groups at 2 years in Achilles tendon ruptures 
(adjusted mean difference: -0.752, 95% CI: -5.523 to 4.020; p=0.757).28

Chronic Tendon Pathologies:

•	 Kamble et al. (2023) 24 demonstrated significantly better long-term Visual Analogue Scale 
(VAS) scores in Lateral Elbow Tendinopathy (LET) patients treated with PRP compared 
to corticosteroids (1.25 vs. 3.68; p<0.001), with large effect sizes (Cohen’s d=1.2).24

•	 In rotator cuff tendinopathy, Markazi et al. (2022) 32 reported a significant improvement 
in Shoulder Pain and Disability Index (SPADI) scores at 6 months for the PRP group 
compared to ketorolac (p=0.04), with a mean difference of 18 points.32

Structural Healing:

•	 Zhang et al. (2022) 36 observed a reduction in retear rates with LP-PRP compared to 
controls (17.6% vs. 38.1%; p=0.049; risk ratio [RR]: 0.44, 95% CI: 0.20–0.97) at 24 months 
follow-up. Goutallier grade improvements were also statistically significant (Kendall’s 
tau-b = -0.24; p=0.03).36

Mesenchymal Stem Cells 

One study assessed the use of MSCs, specifically Adipose-Derived Stem Cells (ADSCs), 
for TR. Vieira et al. (2024) 25 demonstrated significant improvements in the American 
Orthopaedic Foot and Ankle Society (AOFAS) score in patients receiving ADSCs for 
Achilles tendon ruptures compared to controls (mean difference: 15.8 points; p<0.01). 
Ultrasound imaging confirmed enhanced tendon thickness and reduced echogenicity 
(p=0.02). Functional outcomes improved significantly in the ADSC group across mul-
tiple measures, including the ATRS (mean: 87.2 vs. 75.4; p<0.01), suggesting a robust 
regenerative effect.25

Acellular Dermal Matrix 

ADM was evaluated in one study (Lee et al., 2022)35 on its ability to reduce adhesions and 
improve functional outcomes in flexor TR. ADM significantly improved Buck-Gramcko II 
scores compared to controls (14.38 ± 1.71 vs. 13.08 ± 1.82; p=0.0485). Patient satisfaction 
was also higher in the ADM group (8.38 ± 1.44 vs. 7.08 ± 1.58; p=0.0309). There were 
no significant differences in complication rates between the two groups (p>0.05).35
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Platelet Lysate 

Markazi et al.32 (2022) reported significant long-term improvements in VAS and SPADI 
scores for rotator cuff tendinopathy patients treated with PL compared to ketorolac 
(VAS: -2.5 vs. -1.0, p=0.01; SPADI: -20 vs. -5, p=0.02) at six months.32

Figure 2. Mechanisms of action of BT in TR. A) PRP has a high concentration of growth factors 
including PDGF, TGF-β, EGF, and FGF that contribute to TR. B) MSCs differentiate into tenocytes 
and proliferate, promoting factors such as bFGF, GDF-5. TGF-β, and EGF that create a favorable 
microenvironment for healing. C) ACD provides a structural scaffold while D) PL produces 
bioactive molecules that enhance TR. 
Source: Own elaboration.

Complication Rates 

No serious adverse events were reported across the 12 studies. Minor complications 
included transient pain at the injection site (reported in 4 studies, 25%) and mild swelling 
(2 studies, 13%). The incidence of complications was comparable between intervention 
and control groups (RR: 1.12, 95% CI: 0.89–1.40; p=0.36).24,29,33,34

Discussion 

This systematic review included 12 studies published between 2020 and 2024 that 
evaluated the effects of BT on TR, including therapies such as PRP, MSCs, and more 
innovative approaches such as PL and ADM. The main goal of our study was to evaluate 
the impact of BT on TR, mainly focusing on functional recovery, structural integrity, 
and complication rates. Our findings demonstrate both potential benefits and significant 
limitations, underscoring the need for refined strategies to maximize clinical and 
functional outcomes.

PRP therapy, which has been extensively studied due to its high concentration of 
growth factors thought to enhance tendon healing, showed highly heterogeneous 
outcomes with an inconsistent clinical efficacy.24,28,32 In the study by Keene et al. (2022),28 
no significant differences were reported in ATRS between PRP and placebo groups two 
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years post-injury. It is hypothesized that the limited improvements in the functional 
outcomes reported by these studies may be secondary to the acute nature of the injuries, 
in which PRP has denoted unsatisfactory outcomes.

However, PRP demonstrated improvements in chronic conditions. Kamble et al. (2023)24 
found that patients with LET treated with PRP had significantly lower VAS scores at 
2 years compared to corticosteroids, indicating its long-term benefit. The study also 
reported superior DASH and PRTEE scores in the PRP group, highlighting its potential 
for sustained functional improvement. 

Furthermore, in rotator cuff injuries, Zhang et al. (2022)36 reported that LP-PRP signi-
ficantly reduced retear rates compared to control, despite no significant differences in 
functional scores such as the UCLA and Constant scores. Similarly, Rossi et al.34 (2024)
found that LP-PRP reduced fatty infiltration post-repair, as measured by Goutallier grade.

Although the heterogeneity in PRP efficacy may stem from variability in preparation 
protocols, including leukocyte concentration, platelet activation, and injection technique, 
it is important to highlight the tendency of TR outcomes improvement with the use 
of PRP in chronic conditions.24,32 Additionally, the results suggest that while PRP’s 
functional benefits may seem limited, its promising role in structural healing warrants 
further investigation.

MSCs, particularly ADSCs, offer promising results due to their capacity for differentiation 
and immunomodulation. Vieira et al. (2024)25 demonstrated significant improvements 
in Achilles tendon rupture outcomes, with higher AOFAS scores in the ADSC group 
compared to controls. This aligns with findings from preclinical studies suggesting that 
MSCs not only enhance tendon regeneration but also mitigate inflammation, a critical 
factor in tendon healing.25

ADM demonstrated a unique advantage in minimizing postoperative adhesions in 
flexor TRs. Lee et al. (2022)35 reported a significant improvement in functional scores and 
patient satisfaction compared to controls. This highlights the potential of scaffold-based 
approaches in optimizing tendon healing.

The variability in outcomes across studies underscores the importance of understanding 
patient- and injury-specific factors. For instance, PRP’s effects may be influenced by the 
chronicity of the injury, as seen in LET vs. acute Achilles tendon rupture. The differences 
in MSC efficacy, may also reflect the influence of tissue-specific properties and the 
microenvironment on stem cell differentiation. Approaches such as PL and ADM merit 
further research to clearly establish their influence in TR.

Clinical Implications and Future Directions 

While PRP and MSCs show potential, standardizing preparation and application protocols 
is critical to reducing variability in outcomes. High-quality trials with larger sample 
sizes and long-term follow-up are needed to establish clear guidelines. Combining BT, 
such as PRP with MSCs, or also with advanced approaches such as PL or ADM, may also 
yield synergistic effects and improve outcomes. Future research should also integrate 
advanced imaging modalities and biomarkers to better understand the mechanisms 
underlying these therapies and identify predictive factors for success.

Limitations 

This systematic review has several limitations that should be considered when interpreting 
its findings. First, the relatively small number of included studies and the heterogeneity 
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in study designs, patient populations, tendon types, and outcome measures limit the 
ability to draw definitive conclusions. Second, the variability in BT preparation and 
application protocols makes direct comparisons across studies difficult and may account 
for much of the inconsistency in reported outcomes. Third, differences in follow-up 
duration across studies hinder the assessment of long-term efficacy and safety, which 
is especially relevant for therapies such as MSCs and ADM, whose effects may evolve 
over time. Despite these limitations, this systematic review provides a comprehensive 
and timely synthesis of the current evidence on biological therapies for tendon repair, 
contributing to the field and serving as a foundation for future studies.

Conclusion 

This systematic review shows that biological therapies hold promise in enhancing 
tendon repair across multiple tendon types. Clinical efficacy remains variable and highly 
dependent on injury chronicity, tendon-specific characteristics, and the biological therapy 
protocol employed. Overall there is a favorable safety profile with only minor, transient 
complications. These findings underscore the need for standardized preparation and 
application protocols, as well as tendon-specific, high-quality trials that account for 
the distinct biomechanical and biological properties of each tendon structure. Further 
exploration of combinatorial biological approaches may also yield synergistic benefits. 
By addressing these gaps, biological therapies have the potential to meaningfully 
redefine the clinical management of tendon injuries and improve functional outcomes 
and quality of life for affected patients. 
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PRISMA checklist

Section and 
Topic

Item 
#

Checklist item
Location 

where item 
is reported

TITLE  

Title 1 Identify the report as a systematic review.  1

ABSTRACT  

Abstract 2 See the PRISMA 2020 for Abstracts checklist.  2-4

INTRODUCTION  

Rationale 3 Describe the rationale for the review in the context of existing knowledge.  5

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses.  6

METHODS  

Eligibility 
criteria

5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.  6

Information 
sources

6
Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify 
studies. Specify the date when each source was last searched or consulted.

 7

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used.  7

Selection 
process

8
Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many 
reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of 
automation tools used in the process.

 7

Data collection 
process

9
Specify the methods used to collect data from reports, including how many reviewers collected data from each report, 
whether they worked independently, any processes for obtaining or confirming data from study investigators, and if 
applicable, details of automation tools used in the process.

 7

Data items
10a

List and define all outcomes for which data were sought. Specify whether all results that were compatible with each 
outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to 
decide which results to collect.

6-7

10b
List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding 
sources). Describe any assumptions made about any missing or unclear information.

 6-7

Study risk 
of bias 
assessment

11
Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many 
reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used 
in the process.

 8

Effect 
measures

12
Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of 
results.

 7

Synthesis 
methods

13a
Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention 
characteristics and comparing against the planned groups for each synthesis (item #5)).

 7

13b
Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary 
statistics, or data conversions.

 7

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses.  7

13d
Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, 
describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) 
used.

 7

13e
Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, 
meta-regression).

 7

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results.  7

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).  8

Certainty 
assessment

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.  8

RESULTS  

Study selection
16a

Describe the results of the search and selection process, from the number of records identified in the search to the number 
of studies included in the review, ideally using a flow diagram.

9

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.  9

Study 
characteristics

17 Cite each included study and present its characteristics.  9

Risk of bias in 
studies

18 Present assessments of risk of bias for each included study.  12
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Item 
#

Checklist item
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where item 
is reported

Results of 
individual 
studies

19
For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect 
estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.

 9-12

Results of 
syntheses

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.  9-12

20b
Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and 
its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the 
direction of the effect.

 9-12

20c Present results of all investigations of possible causes of heterogeneity among study results.  9-12

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.  9-12

Reporting 
biases

21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.  12

Certainty of 
evidence

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.  12

DISCUSSION  

Discussion

23a Provide a general interpretation of the results in the context of other evidence.  13-14

23b Discuss any limitations of the evidence included in the review.  13-14

23c Discuss any limitations of the review processes used.  13-14

23d Discuss implications of the results for practice, policy, and future research.  13-14

OTHER INFORMATION  

Registration 
and protocol

24a
Provide registration information for the review, including register name and registration number, or state that the review 
was not registered.

 16-17

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared.  16-17

24c Describe and explain any amendments to information provided at registration or in the protocol.  16-17

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 16-17

Competing 
interests

26 Declare any competing interests of review authors. 16-17

Availability of 
data, code and 
other materials

27
Report which of the following are publicly available and where they can be found: template data collection forms; data 
extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.

 16-17

Source: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ 2021;372:n71. https://doi.org/10.1136/bmj.n71
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