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Abstract

Introduction: The role of the immune system in tendon healing relies on

polymorphonucleocytes, mast cells, macrophages and lymphocytes, the

‘immune cells’ and their cytokine production. This systematic review reports

how the immune system affects tendon healing.

Sources of data: We registered our protocol (registration number:

CRD42019141838). After searching PubMed, Embase and Cochrane Library

databases, we included studies of any level of evidence published in

peer-reviewed journals reporting clinical or preclinical results. The PRISMA

guidelines were applied, and risk of bias and the methodological quality of

the included studies were assessed. We excluded all the articles with high

risk of bias and/or low quality after the assessment. We included 62 articles

assessed as medium or high quality.
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Areas of agreement: Macrophages are major actors in the promotion of

proper wound healing as well as the resolution of inflammation in response

to pathogenic challenge or tissue damage. The immune cells secrete

cytokines involving both pro-inflammatory and anti-inflammatory factors

which could affect both healing and macrophage polarization.

Areas of controversy: The role of lymphocytes, mast cells and polymor-

phonucleocytes is still inconclusive.

Growing points: The immune system is a major actor in the complex mech-

anism behind the healing response occurring in tendons after an injury. A

dysregulation of the immune response can ultimately lead to a failed healing

response.

Areas timely for developing research: Further studies are needed to shed

light on therapeutic targets to improve tendon healing and inmanaging new

way to balance immune response.

Key words: tendinopathy, immune cells, macrophages, monocytes, cytokines

Introduction

Tendons are highly specialized structures composed

mainly of tenocytes surrounded by an abundant

extracellular matrix (ECM).1,2 The specialized

fibroblasts include tenoblasts and tenocytes which

are more than 90% of the cellular components

in tendons.3 The ECM is a complex collagen-

based structure based on proteoglycans includ-

ing glycosaminoglycans, and several other small

molecules.1,2 The standardmechanical and structural

features of tendons depend on a complex and

dynamic remodeling process.1,4 The dysregulation

of these features results in tendon inflammation,

injury or tendinopathy,5–7 resulting in considerable

pain which impacts negatively the life of the patients

restricting pain-free activities.5–7

Healing from acute tendon injury occurs through

three progressive and partially overlapping phases:

an acute inflammatory phase, a proliferative phase

and a remodeling phase. While the role of inflam-

mation is still being studied,4,8 emerging evidence

supports a major role of the immune system,

both in the etiopathogenesis and treatment of the

tendinopathy.9,10 The first inflammatory phase lasts

3–7 days from the injury and is characterized by the

presence of monocytes and macrophages at the site

of injury.4,8 Mechanical stimuli are an integral part

of this process, and type III collagen is upregulated

within the tendon cells and its extracellular matrix.11

This is followed by the proliferation phase with the

release of vascular endothelial growth factor to allow

neovascularization and stimulate the progression of

granulation tissue.3,4 In the final remodeling phase,

the tissue proceeds to reorganize its structure quan-

titatively (i.e. morphology, macroscopic features,

tissue composition) and qualitatively (i.e. cytokines

profile, molecular signaling, metabolic status).3

This process can take up to 2 years to complete

healing.

The dysregulation of tendon healing probably

results from a chronic low-grade inflammation

which finds major actors in the dual relationship

between inflammatory and growth factors and

immune cells such as polymorphonucleocytes, mast

cells, macrophages and lymphocytes which have

been recently showed to be well represented in ten-

dons.12–14 Controversially, it is increasingly evident

that, even when absent or poorly present, this does

not equate to the absence of inflammation.9 Also,

tendon injuries are accompanied and preceded by

the secretion of several molecular actors of inflam-

mation by tendon cells such as pro-inflammatory
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and anti-inflammatory cytokines, as well as several

growth factors including ‘TNF-a, IL-1b, IL-6, IL-10,

VEGF, TGF-b, COX-2 and PGE2.’11,15,16 Although

the inflammation driven by the cytokines might

be involved in the healing process, its disruption,

its role on the onset, progression, healing and

resolution of tendinopathy, tendon healing after

rupture and other inflammatory processes remain

controversial.17,18

This systematic review reports the most up-to-

date evidence on the role of immune cells on tendon

healing with a focus on its clinical relevance.

Methods

Literature search strategy

This systematic review was conducted according to

the guidelines of the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA)19

and MOOSE guidelines.20 A comprehensive search

was performed on three electronic medical databases

(PubMed, Embase and Cochrane Library) by two

independent authors (E.C. and W.S.K.) from their

inception to 10 June 2019. Our main aims were to

(1) understand the role of inflammation and immune

response in tendon healing, (2) identify factors asso-

ciated with anti-inflammatory intervention, (3) eval-

uate their effects through the review of animal and

in vitro studies and (4) critically summarize the

evidence available. To achieve the maximum sensi-

tivity of the search strategy, we combined the terms

‘tendon’, as well as some common terms of tendon

conditions such as ‘tendon injury OR (tendon dam-

age) OR tendonitis OR tendinopathy OR (chronic

tendonitis) OR tendinosis OR (chronic tendinopa-

thy) OR enthesitis),’ AND ‘healing’ AND ‘(immune

response) OR (macrophages) OR (immune cells)

OR (monocytes) OR (lymphocytes) OR (immunol-

ogy)’ as either keywords or MeSH terms. The ref-

erence lists of all included articles, previous litera-

ture reviews on the topic and top hits from Google

Scholar were reviewed for further identification of

potentially relevant studies. To avoid overlapping

with other ongoing investigations, we first searched

PROSPERO site for any similar review and then

prospectively registered our study (registration num-

ber: CRD42019141838).

Selection criteria

Eligible studies included those investigating inflam-

mation and immune response in tendon healing.

Primary screening of the titles and abstracts was

performed by adding studies of any level of evi-

dence published in peer-reviewed journals reporting

clinical or preclinical results in English. Also, Ital-

ian, French, Spanish and Portuguese articles were

included since the senior author was able to evalu-

ate them (N.M.). Moreover, articles discussing the

effect of several cytokines and immune response

actors, both pathologically and physiologically, were

reviewed. Exclusion criteria included studies investi-

gating the treatment response of tendon to regenera-

tive treatments, including platelet-rich plasma (PRP),

mesenchymal stem cells (MSCs), etc. or new drugs

related to healing of the tissue. Additionally, we

excluded studies in which data were not accessible,

missing, without an available full text or not well

reported. We also eliminated duplicates, and the

studies with poor scientific methodology assessed as

described below. Abstracts, case reports, conference

presentations, reviews, editorials and expert opin-

ions were excluded. Two authors (E.C. and W.S.K.)

performed the search and evaluated the articles inde-

pendently. A researcher experienced in systematic

reviews (N.M.) solved cases of doubt. At the begin-

ning of the procedure, each investigator read the

abstracts of all the articles, selected the relevant

ones according to both inclusion and exclusion cri-

teria and then compared the results with the other

investigators. After 4 weeks, the same studies were

reread to establish the agreement of the investiga-

tors about articles’ selection. No disagreement was

observed among the investigators. One investiga-

tor extracted the data from the full-text articles to

Excel spreadsheet structured tables to analyze each

study descriptively (Tables 1–3). Another investiga-

tor independently double-checked the extraction of

primary data from all the articles. Doubts and incon-

sistencies are solved by discussion.
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Table 1 Quality assessment of the included studies.

Author (year) 1 2 3 4 5 6 7 8 9 10 Score

Abraham (2019) x - x - x X x x x x 8

Ackerman (2017) x - x x x X x x x x 9

Aktas (2017) x x x - x - x x x x 8

Alaseirlis (2005) x x - x - X x - x x 7

Andersson (2012) x x - x - - x - - x 5

Bedi (2010) x - - - - X x - x x 5

Blomgran (2016) x - - - - X x - x x 5

Chamberlain (2011) x x x x x - x x x x 9

Chamberlain (2017) x - x - - - x - x x 5

Chamberlain (2019) x x x x x - x x x x 9

Cui (2019) x x x x x - x x x x 9

Dagher (2009) x - x - x X x x x x 8

Dakin (2012) x x x x x X x x x x 10

Dayan (2011) x x - - x X x x x x 8

De La Durantaye (2014) x - x x - X x x x x 8

Eliasson (2012) x x x x x - x x x x 9

Gelberman (2017) x - x - - - x - x x 5

Godbout (2006) x - x - - - x - x x 5

Godbout (2010) x x x - x X x x x x 9

Hammerman (2014) x - x - x X x x x x 8

Hammerman (2017) x x x - x - x x x x 8

Hammerman (2018) x x - - x X x x x x 8

Hays (2008) x x - x - X x - x x 7

Kawamura (2005) x x - x - X x x - x 7

Khan (2005) x x x - - - x - x x 6

Komatsu (2018) x x - x - - x - - x 5

Lucas (2010) x x - - x - x - - x 6

Manning (2014) x - x - x X x - x x 7

Marsolais (2001) x x - - - X x x x x 7

Marsolais (2006) x x x x x - x x x x 9

Németh (2009) x x x - x - x x x x 8

Peters (2005) x x x x - X x x x x 9

Shen (2016) x - - - - X x - x x 5

Stålman (2015) x - - x - X x x x x 7

Sugg (2014) x x - - x X x x x x 8

Tarafder (2017) x x - x - - x x x x 7

Tellier (2018) x - x - x X x x x x 8

Virchenko (2004) x - x - x X x x x x 8

Wojciak (1993) x x - x - X x - x x 7

Wong (2009) x - x - - X x - x - 5

(1) Publication in a peer-reviewed journal; (2) statement of temperature control; (3) random allocation to groups; (4) allocation concealment; (5) blinded assessment

of outcome; (6) use of anesthetic without significant internal protection of blood vessel; (7) appropriate animal model (aged, healthy, diabetic or hypertensive); (8)

sample size calculation; (9) compliance with animal welfare regulations; (10) statement of potential conflict of interests.
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Table 2 SYRCLE bias risk assessment

Author (year) Selection

bias 1

Selection

bias 2

Selection

bias 3

Performance

bias 1

Performance

bias 2

Detection

bias 1

Detection

bias 2

Attrition

bias

Reporting

bias

Other

potential

bias

Ackerman (2017) ? x X x ? X X ? x X

Aktas (2017) X x x x ? X X ? X X

Alaseirlis (2005) ? x x x ? X X X X x

Andersson (2012) X x x x ? X X X X X

Bedi (2010) X x x x x X X X X X

Blomgran (2016) X x x x x X X ? X X

Chamberlain (2011) X x x x x X X X X X

Chamberlain (2017) X x x x x X X X X X

Chamberlain (2019) ? x x x ? X X ? ? X

Cui (2019) ? x x X x X x ? x X

Dagher (2009) ? x x x ? X X X X X

Dakin (2012) X x x x ? X X X X X

Dayan (2011) X x x x x X X X X X

De La Durantaye (2014) ? x X x ? X X x X X

Eliasson (2012) ? x x x ? X X X X

Gelberman (2017) X x x x ? X X ? ? X

Godbout (2006) X x x x ? X X X X X

Godbout (2010) ? x X x ? X X X X X

Hammerman (2014) ? x X x ? X X X X X

Hammerman (2017) ? x X x ? X X X x X

Hammerman (2018) ? x x x ? X X X X X

Hays (2008) X x x x x X X X x X

Kawamura (2005) ? x X x ? X X X X X

Khan (2005) ? x x x ? X X X X X

Komatsu (2018) ? x x x ? X X x X X

Lucas (2010) ? x x x ? X X X X X

Manning (2014) ? x x x ? X X ? X X

Marsolais (2001) X x x x ? X X ? X X

Marsolais (2006) ? x X x ? X X X X X

Németh (2009) X x x x ? X X X X X

Peters (2005) ? x X x ? X X x X X

Shen (2016) ? x X x ? X X X x X

Stålman (2015) X x x x x X X x X X

Sugg (2014) X x x x x X X ? X X

Tarafder (2017) ? x ? x X x ? ? x

Tellier (2018) X ? x X x X x x ? X

Virchenko (2004) ? x x x ? X X x X X

Wojciak (1993) ? x x x ? X X X x x

Wong (2009) ? x X x ? X X X X X

(1)X =Adequate randomization; ?= randomized but no details; x= no evidence of randomization. (2)X =Baseline characteristics given; x=baseline characteristics

not given. (3) X =Evidence of adequate concealment of groups; x=no evidence of adequate concealment of groups. (4) X =Evidence of random housing of

animals;? =unknown housing arrangement. (5) X =Evidence of caregivers blinded to intervention; x=no evidence of caregivers blinded to intervention. (6)

X =Evidence of random selection for assessment; x= no evidence of random selection for assessment. (7) X =Evidence of assessor blinded; x=no evidence of

assessor blinded. (8)X =Explanation of missing animal data; x=no explanation of missing animal data. (9)X =Free of selective reporting based on methods/results;

?= insufficient reporting; x= selective reporting. (10) X =Free of other high bias risk; ?= insufficient data to determine risk of other bias.

Data extraction and criteria appraisal

All data were extracted from article text, tables, and

figures. Data were obtained using the Population,

Intervention, Comparison and Outcome (PICO)

framework and included title, year of publication,

study design, sample size, study population, patient

characteristics, intervention and comparator (where

applicable), outcomes, funding and conclusions.

Two investigators independently reviewed each

article (E.C. and L.R.). Discrepancies between the

two reviewers were resolved by discussion and

consensus. The final results were reviewed by

another experienced investigator (N.M.).

Risk of bias assessment

The assessment of the risk of bias of all in vivo

selected full-text articles was performed according

to the SYRCLE’s risk of bias tool21 for preclinical

studies and the Cochrane Collaboration’s risk of bias

tool22 for clinical studies (Table 2). This assessment
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used ‘Low,’ ‘Moderate’ and ‘High’ as judgment keys:

‘Low’ indicated a low risk of bias, ‘Moderate’ sug-

gested that the risk of bias was moderate and ‘High’

showed a high risk of bias. The assessment was

performed by two authors (E.C. and L.R.) inde-

pendently. Inter-rater agreement was 92%. Any dis-

crepancy was discussed with the senior investiga-

tor (N.M.) for the final decision. In addition for

the human clinical studies included, the modified

Coleman methodology score23 was used for bias risk

assessment (Table 3).

Study quality assessment

The quality of evidence was assessed according to

the Collaborative Approach to Meta-Analysis and

Review of Animal Data from Experimental Studies

(CAMARADES) checklist with supporting guidance

from the CAMARADES website,24 giving one point

for each of (1) publication in a peer-reviewed journal,

(2) statement of temperature control, (3) random

allocation to groups, (4) allocation concealment, (5)

blinded assessment of outcome, (6) use of anesthetic

without significant internal protection of blood ves-

sel, (7) appropriate animal model (aged, healthy,

diabetic or hypertensive), (8) sample size calculation,

(9) compliance with animal welfare regulations and

(10) statement of potential conflict of interests. Each

study was assessed and scored on a scale from 0

(lowest) to 10 (highest) points. The assessment was

performed by two authors (E.C. and L.R.) inde-

pendently. Inter-rater agreement was 94%. Any dis-

crepancy was discussed with the senior investigator

(N.M.) for the final decision.

Results

A total of 225 studies were identified from the

databases according to the inclusion and exclusion

criteria mentioned above. Overall, 112 articles were

screened through abstract and title reading after

removal of duplicates. Eventually, after full-text

reading and reference list check, we selected 62

articles to include in the present manuscript. A

PRISMA19 flowchart of the selection process and

screening is provided (Fig. 1).
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Fig. 1 PRISMA flowchart of the included studies.

We ultimately included 62 articles12,24–85 after

applying the relevant search strategy, inclusion

and exclusion criteria. The articles included inves-

tigate the role of immune cells, the pathway

triggered by their action and other immune medi-

ators involved in the healing response of ten-

dons after an injury. In particular, 40 included

articles were based on animal model of tendon

injury,25–34,36,38,40,43,44,46,47,52,58,60,61,63,64,68,70–73,75–81,83–87 4

were previous review on similar topic,39,41,45,50 4 were

in vitro human studies,42,48,49,51 11 in vitro animal

studies,12,53–56,59,62,66,67,82,88 and 3 human clinical

studies.37,57,74 All the studies were assessed as medium

or high quality with an average of 7275 under

CAMARADES guideline.

The onset and progression of tendinopathy are

related to an imbalance of inflammatory factors,

immune system cells and chemical mediators, hor-

mones, mechanical stimuli and other yet unknown

agents. Morita et al.89 described over 20 cytokines

as actors of the immune and inflammatory pro-

cess involved in tendon healing. While emerging

evidence supports their role in every physiological

phase of healing, their imbalance can ultimately lead

to a failed healing response.37 Chemokines such as

CCL5, CCL2, CCL3 and CXCL10 are involved in

the pathogenesis of tendinopathy inducing inflam-

mation,38 even after mechanotransduction.8,39 The

most investigated pro-inflammatory molecules such

as IL-1β, IL-6 and TNF-α are also able to elicit the
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immune response.89 The immune cells are reported

to be the main actor of all the processes mentioned

above both producing mediating factors and acting

through cell-mediated processes.

Mast cells

Mast cells exert pro-inflammatory response on

human tendon-derived cells in vitro.42 Despite the

lack of studies on their role in tendinopathy and

tendon healing, and given their role in immune

system and neuroimmunity for other physiological

and pathological changes, future studies should

investigate the topic in greater details.

Macrophages

Macrophages are immune cells with a major role

in both inflammatory and healing processes.40,41

After the acute injury, macrophages secrete proin-

flammatory cytokines, such as IL-1β, TNF- and

PGE2, reactive oxygen species, and other pro-

teases.43–45 These molecules act as essential starters

of the tendinopathic pathogenesis,46,48 and this

can ultimately upregulate matrix metalloproteinase

(MMP) action and the catabolism of the matrix.48,49

They can be divided into two wide subpopulations

including the M1 (classically activated) and the M2

(alternatively activated) macrophages.41,50 Although

the M1 and M2 (and its subset such as M2a,

M2b, M2c and M2d) dichotomy seems to be

insufficient to illustrate their diverse biology and

molecular action,41,50 M-polarized macrophages

show a pro-inflammatory response pattern, while

M2 macrophages regulate healing response by

downregulating inflammatory cytokines through

immunosuppressing molecules such as ‘IL-1 receptor

antagonist, IL-10, IL-4, and IL-13.’41,51

The literature suggests that tenocytes are able

to influence the macrophage polarization during

the early phase of inflammation through soluble

factors.69,82 This was shown in a study which

found significant changes in macrophage subsets

and epithelial-to-mesenchymal transition gene

expression following Achilles tenotomy and sub-

sequent repair repair.26 In an equine tendon repair

model, a polarization favoringM2 subset macrophage

along with reduced expression for the lipoxin A4

receptor was seen in chronic injury suggesting

incomplete inflammation resolution.69 Emerging

evidence supports the role of macrophages as

critical players in tendon homeostasis and tendon

repair.40,50,69,86 In particular, the downregulation

of inflammation of the M2 subset on classically

activated M1 limits their action, promoting tissue

repair.41,50

In animal models, rodents with surgically

transected tendon have been studied to evaluate the

presence of inflammatory cells.40,52 In a rat Achilles

tendon injury model, the temporary presence of

neutrophils in the early phases after the injury

was shown, followed by an augmented presence

of macrophages in the tissue 1–28 days post-

injury.40 This was further reported in another study52

where time-dependent presence of inflammatory cell

subsets was found. In particular, the study reported

a peak of neutrophils and macrophages 1–5 days

and 21 days after the injury, respectively.52 The

need of macrophages for normal healing response is

further confirmed by wound repair studies in murine

macrophage knockout models, where impaired

healing responses were reported in macrophage-

deficient wounds.43–45

The complex network of factors influencing

macrophage phenotypes, in preclinical studies,

can be affected by MSCs, raising the possibility

of a regenerative medicine solution for tendon

healing.34,53–57,59–62 In animal models of tendon injury,

MSC therapy upregulated M2 macrophages and

their associated anti-inflammatory action, which

followed an improved healing response.27,63,64 MSC-

stimulated macrophages seem to have marked

anti-inflammatory properties compared with wild-

type control macrophages, with higher levels of

IL-10 and IL-6 and lower levels of IL-12 and

TNF-α expression.34,65 The M2-like stimulated

macrophages, in particular, can modulate an

improved and faster tendon healing with better

mechanical and histological features.34
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MSCs seem to stimulate the monocyte to

macrophage transition, inhibiting naivemacrophages

to an M1 subset polarization, controlling already

activated M1 macrophages and ultimately upreg-

ulating M2 activation.66 Even though the exact

molecular pathway behind MSC and macrophage

interaction across different activation stages is not

fully understood, Németh et al.61 suggested a role

by inflammation signaling factors such as PGE2

and its receptors EP2 and EP4.61 Other studies

have noted metabolic changes in the expression

of IDO1, SIRUTIN1, AMPK and GLUT1.66 It

seems that both M1 and M2 are crucial for

the proper regulation and balance of satisfactory

repair response as well as the downregulation of

inflammation after injury. Additional studies are still

needed to further investigate the MSC modulated

macrophage polarization.

Overall, the role of macrophages on tendon

healing is not clear. However, some evidence

shows that macrophage absence is associated with

a better healing response,25,86 together with a

diminished mass of granulation tissue.86 Although

these studies focused on the effects of the depletion

of macrophages through the whole process of

healing response, studies where macrophages were

specifically inhibited during early inflammation,79,81

e.g. with NSAIDs,78 demonstrated a positive impact.

Lymphocytes

The possible role of lymphocytes in tendon healing

and tendinopathy is still not understood. Although

their presence in healthy and tendinopathic tendons

has been reported,12,67 further studies are needed

to explore and define the role of lymphocytes in

tendinopathy.

Mechanical load and immune cells

Mechanical pressure appears to influence the

metabolism and healing of tendons.28,47,68,70–76,86 It

upregulates both anabolic and catabolic pathways

through regulation of inflammation and immune

reaction. In animal studies, loading prolonged the

early inflammatory response and increased the

cross-sectional area in tendons.28,68,77 Other effects

included macrophage polarization (M1>M2) with

a delayed regeneration phase-type of inflammation

featured by higher M2 number along with and Treg

cells.28 Studies on macrophage polarization reported

that the mechanical stress also influenced the

immune cell differentiation and action.28,47,75,76 Ani-

mals whose tendons were loaded by free cage activity

demonstrated an augmented strength of the affected

tendon associated to the increased activity tendon.68

This probably resulted from a greater cross-sectional

area of the tendon, but it did not translate into

improvement in its mechanical properties.

Discussion

There are conflicting data on the presence and role

of immune cells in tendon healing inflammation.

This review systematically analyzed the current evi-

dence on the presence and possible role of both pro-

inflammatory and anti-inflammatory cytokines in

tendon healing.

Macrophages seem to be strictly involved in the

immune response following tendon injury. Their

role might be related to their repair properties,

but there is evidence of an involvement of adipose

tissue.15,90 This abundant tissue is able to produce

immune cells as well as other proteins with specific

role in immune and inflammatory process called

adipokines.15,90 One of them is the MCP-1 which

is able to stimulate macrophage translocation

in adipose tissue. These cells are activated and

able to release pro-inflammatory cytokines, thus

significantly increasing their TNF-a expression.15,90

The increased production of pro-inflammatory

cytokines influences the expression of adiponectin,

an anti-inflammatory adipokine, ultimately leading

to a dysregulation of the balance between pro- and

anti-inflammatory cytokines and macrophages.15

Because of the local infiltration and activation

of macrophages, the adipose mass is augmented,

coming to be able to influence the interaction

between leptin and suppressor T cells.15,90 Leptin,

an adipokine responsible for the central control of
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energy balance, also seems to inhibit the proliferative

capacity of suppressor T cells.90

Macrophage polarization and action seem to be

influenced by mechanical loading.28,47,75,76,91 In par-

ticular, emerging evidence supports their dualistic

role setting the basis for a U curve interpretation

of their function, where overloading the tendon will

result in a failed healing response and reinjury and

underloading in a less effective measure.

A better comprehension of the role of immune

cell subpopulations in the setting and progression of

tendinopathy and healing response is fundamental

to clarify the role of potential therapeutic targets

and improve future treatment options for patients.

Preclinical animal studies on animal models of

tendinopathy suggest that chronic inflammation

may originate from inadequate resolution of inflam-

mation and failed healing response.69,87 Further

studies might look at the suppression of chronic

inflammation, perhaps targeting the early phase of

the response.

Exercise still represents one of the best ways to

positively influence tendon healing by negatively

affecting the inflammatory environment, as reported

in several preclinical studies focusing on the role of

early mobilization of injured tendons.70–74 In addi-

tion, immobilization of tendon tissue is often asso-

ciated with pathological changes in the cytokine

profile and deterioration of the tendon mechan-

ical features.84 While all this can ultimately lead

to decreased resistance to mechanical stimulus, in

the early stages seems to be reversible as shown

in animal models.71,74,75 The mechanism of cytokine

expression is still not fully understood, but seems

to rely on the stimulatory effect exerted by trauma

leading to microdamage and vessel leakage.70,71 On

the other hand, rat models exposed to loading by

free cage activity showed an increased strength of the

healing tendon without a significant improvement

in mechanical quality.68 Even though there is no

clear consensus on how much load is appropriate

for tendon healing, early and progressive physical

therapy after tendon injury, tendon surgery, and in

tendinopathy should be advised.

Limitations

The main limitation of this systematic review is

the heterogeneity and quality of the included stud-

ies. Most of the studies were preclinical studies,

with no clinical randomized controlled trials.Despite

applying strict methodological evaluation through

quality and risk of bias tools, treatment variables

including dose, drug delivery and population used

differed across the included studies. The findings of

our reviewwill, however, hopefully help direct future

investigations.

Conclusion

The immune system plays a major actor in the com-

plex mechanism behind the healing response occur-

ring in tendons after an injury. A dysregulation of the

immune response can ultimately lead to the failed

healing response typical of chronic tendinopathic

lesions. Further studies are needed to shed light on

therapeutic target to improve tendon healing.
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