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A B S T R A C T

Background: The role of macrophages (Mφs) in tendon injury healing is controversy. The aims of this study were to
determine whether there is a shift in Mφs polarisation after an acute and chronic tendon injury and to assess
whether the Mφs polarisation between the partial and complete rupture is different.
Methods: This systematic review of the scientific literature was based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) and Cochrane guidelines. PubMed database and Excerpta Medica
Database (EMBASE) were used for specific search criteria. Only studies measuring Mφs using specific cell markers
in Achilles tendon tissue and rotator cuff tendon tissue were included, respectively.
Results: Five Achilles tendon injury studies and four rotator cuff injury studies were included. Expression of the
pan Mϕs marker Cluster of Differentiation (CD) 68 was significantly upregulated in acute Achilles tendon ruptures
compared to intact tendons, while no significant changes were found in Mφs polarisation markers CD80 (M1 Mφs)
and CD206 (M2 Mφs). High levels of CD86 (M1 Mφs) and CD206 were observed in acute partial rupture.
Expression of CD68 and CD206 were significantly upregulated in chronic rotator cuff tendinopathy and down-
regulated as structural failure increases. A low level of CD206 was observed in complete tendon rupture regardless
of acute or chronic injury.
Discussion and conclusion: In spite of the limited number of articles included, findings from this study suggested
that the process of inflammation plays an important role in acute Achilles tendon injuries, indicated by the
increased expression of CD68þ Mφs. Low levels of CD206þ Mφs were constantly observed in complete Achilles
tendon rupture, while high levels of CD80þ Mφs and CD206þ Mφs were observed in partial Achilles tendon
rupture, which suggested the potential correlation between M2 Mφs and tendon structure. For chronic rotator cuff
injury, CD68þ Mφs and CD206þ Mφs were higher in tendinopathic tissues in comparison to the intact control
tissues. Both CD68þMφs and CD206þ Mφs has an inverse relation to the structural failure in the torn rotator cuff
tendon. After tendon rupture, the time point of biopsy specimen collection is an important factor, which could
occur in the acute phase or chronic phase. Collectively, the understanding of the roles in Mφs after tendon injury
is inadequate, and more research efforts should be devoted to this direction.
The translational potential of this article: This article provided a potential implication on how pan Mφs or M2 Mφs
might be associated with ruptured or torn tendon structure. Managing Mφs numbers and phenotypes may lead to
possible novel therapeutic approaches to the management of early tendinopathy, early acute tendon rupture,
hence, promote healing after restoration surgery.
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Introduction

Tendon tissue connects muscle to bone, allowing coordination of
muscle contractions into motion. Tendons contribute to the stable
movement of the skeleton with high tear resistance and tensile strength
[1]. However, tendon injuries have been considered as the most frequent
musculoskeletal complaint for which patients seek medical treatments
[2,3]. The musculoskeletal pain, related to tendon injuries, occupied
more than 30% of those general practice consultations [4]. Tendon in-
juries could bring a high burden to patients, which can lead to a signif-
icant loss in individual production capacity, as the patients’ quality of life
is impaired and induces an enormous economic burden of the health-care
system on the whole society [5].

Tendon injuries can divide into acute injuries (e.g., traumatic acute
Achilles tendon rupture) and chronic injuries (e.g., degenerative rotator
cuff injury). Tendon pathologies range from acute to chronic or chronic
to acute injuries with partial or complete rupture [6,7]. A partial rupture
refers to tissue that is partly torn without damaging tendon integrity,
and a complete rupture is characterised as a gap in the tendon with
integrity damage [8]. An acute tendon rupture is a one-time event that
can result in immediate pain and decreased the function of the affected
joint and may be followed by swelling or bruising. Chronic tendon
ruptures may result from: a partial rupture that slowly worsens over a
prolonged period, or an acute rupture that goes untreated for several
weeks [9].

Although acute or chronic tendon injuries can occur in any parts of
our bodies, those with high in vivo loading demands, such as Achilles
tendon, rotator cuff, patellar tendon, and forearm extensor tendons, are
often affected [10–12]. Sudden exposure to elevated mechanical stresses
is one of the risks for acute tendon injuries, while overuse or overloading
has been widely considered to be the causative factors contributing to the
onset of chronic injury or tendinopathy [13–15]. Nowadays, chronic
tendon injuries are common athletic and occupational injuries that ac-
count for physician visits. The term tendinopathy is preferred to tendi-
nitis because of the presence of a disordered and degenerative healing
process—not inflammation—in the pathologic tendon. However, chronic
injury and tendinopathy are usually difficult to separate in elderly pa-
tients because researchers may not be able to accurately identify the
period between the beginning of chronic or acute injury and tendon
specimen collection time point when patients received biopsy or surgery.
But the consensus is that there are four major stages to tendon healing
after injury, including hemorrhages, inflammation, tissue formation, and
remodelling. The self-recovery of tendon injuries can be stimulated by
the mechanical load, and is characterised by an early inflammatory
phase, then proliferative and differentiation phases [16–21]. First, a scar
tissue with an increased cross-sectional area can be produced, and then, it
takes several months for tissues to develop from biomechanically inferior
scar tissue into new tendon tissue. This period of the healing process is
widely considered as a crisis with a high risk of rerupturing [22].
Moreover, the healed tendon tissues only achieve 70% mechanical
properties of preinjured tendons [23,24].

The tendon repairing process involves a complex and coordinated
series of events. Recent evidence demonstrates that modulation of
inflammation in the early stages following tendon repair may help to
improve healing [25]. Although numerous cells are involved in the
process of tendon healing, macrophages (Mφs) play essential roles in
moderate the process of tissue repair through promoting and reducing
inflammation [7,26–28]. Mφs can be categorised into two broad phe-
notypes: classically activated pro-inflammatory Mφs (M1), which can
promote extracellular matrix (ECM) breakdown, inflammation,
apoptosis, and alternatively activated antiinflammatory Mφs (M2) that
coordinate ECM deposition and tissue repair [29,30]. The surface
markers of CD68, CD80/CD86, and CD163/CD206 have been wildly
accepted as to describe the pan Mφs, M1 Mφs, and M2 Mφs, respectively
25
[31–33]. The previous study on tendon injury has demonstrated the
similar concept of inflammation which is consistent with the
experimental evidence [34], and the balance between pro-inflammation
and antiinflammation, which could be reflected by the ratio of M1 and
M2 Mφs, result in a defective repair and impaired tissue function
[35–38].

The management of two classical phenotypes of Mφs, M1, and M2
phenotypes, are believed to be the main contributors to the expected
beneficial effects of tendon repair [39]. Understanding the transition of
Mφs phenotypes during tendon repair may provide insights on how to
manage treatment for a tendon injury in the future. This study aims to
demonstrate the role of Mφs after acute tendon injury (Achilles tendon
partial or complete rupture) and chronic tendon injury (rotator cuff
tendinopathy with or without structural failure). The first aim of this
article is to determine whether the number of Mφs altered after Achilles
tendon injury and rotator cuff injury. The second aim is to access the
presence of Mφs, which could be linked with the degree of structural
tendon failure after injury.

Method

The PRISMA Statement (Preferred Reporting Items for Systematic
Reviews andMeta-Analyses) was used for this systematic review. And the
Cochrane handbook was used as guidelines in the development of the
study protocol.

Search strategy

Two investigators conducted the literature search. The following
electronic databases were utilised: PubMed database and EMBASE
(Excerpta Media Database) database. No limit conditions were placed on
the year of data entry, and the search was organised in June 2019. The
following search term were used: (Achilles [Title/Abstract] OR tendon
[Title/Abstract]) AND (rupture [Title/Abstract] OR tear [Title/Abstract]
OR partial [Title/Abstract] OR complete [Title/Abstract]) AND
(macrophage*[Title/Abstract] OR inflam*[Title/Abstract] OR M1
[Title/Abstract] OR M2[Title/Abstract]) for Achilles tendon injury and
(rotator cuff [Title/Abstract] OR supraspinatus [Title/Abstract] OR
infraspinatus [Title/Abstract] OR subscapularis [Title/Abstract] OR
teres minor [Title/Abstract] OR tendon [Title/Abstract]) AND (rupture
[Title/Abstract] OR tear [Title/Abstract] OR partial [Title/Abstract] OR
complete [Title/Abstract]) AND (macrophage*[Title/Abstract] OR
inflam*[Title/Abstract] OR M1[Title/Abstract] OR M2[Title/Abstract])
for rotator cuff injury (Table 1). Additional studies were located by
searching papers referenced in listed articles. Those studies identified by
the searches were combined, and duplicates excluded. The screening of
titles and abstracts were screened before elaboration on the included
full-text articles. The titles and abstracts of identified articles were
screened first by two authors. In cases of disagreement between the two
authors, a consensus was reached by discussion with a third author.
Then the full texts of the screened articles were examined. If necessary,
corresponding authors of the reviewed articles could be contacted to
obtain those missing data.

Inclusion criteria and exclusion criteria

The eligibility of each article was determined based on the inclusion
and exclusion criteria. The search was limited to articles published in
English in the last 20 years, availability of full text, and articles con-
taining original data. Only in vivo articles reporting on Mφs in the tendon
tissues of humans or animals were included. Moreover, Mφs related
number or proportion was measured in a quantitative or semi-
quantitative format, and the quantification/semi-quantification of Mφs
cell numbers had to involve the use of specific cell markers, including



Table 1
Operationalization of the search strategy.

Step PubMed EMBASE

Achilles tendon injury Rotator cuff injury Achilles tendon injury Rotator cuff injury

#1 Achilles [Title/Abstract] OR
tendon [Title/Abstract]

Rotator cuff [Title/Abstract] OR supraspinatus
[Title/Abstract] OR infraspinatus [Title/Abstract]
OR subscapularis [Title/Abstract] OR teres minor
[Title/Abstract] OR tendon [Title/Abstract]

Achilles:ti,ab,kw OR
tendon:ti,ab,kw

‘rotator cuff”:ti,ab,kw OR supraspinatus:ti,ab,kw
OR infraspinatus:ti,ab,kw OR
subscapularis:ti,ab,kw OR ‘teres minor”:ti,ab,kw
OR tendon:ti,ab,kw

#2 rupture [Title/Abstract] OR tear
[Title/Abstract] OR partial
[Title/Abstract] OR complete
[Title/Abstract]

rupture [Title/Abstract] OR tear [Title/Abstract]
OR partial [Title/Abstract] OR complete [Title/
Abstract]

Rupture:ti,ab,kw OR
tear:ti,ab,kw OR
partial:ti,ab,kw OR
complete:ti,ab,kw

Rupture:ti,ab,kw OR tear:ti,ab,kw OR
partial:ti,ab,kw OR complete:ti,ab,kw

#3 Macrophage*[Title/Abstract]
OR inflam*[Title/Abstract] OR
M1[Title/Abstract] OR M2
[Title/Abstract]

Macrophage*[Title/Abstract] OR inflam*[Title/
Abstract] OR M1[Title/Abstract] OR M2[Title/
Abstract]

macrophage* OR m1 OR m2
OR inflam*

macrophage* OR m1 OR m2 OR inflam*

#4 #1 and #2 and #3 #1 and #2 and #3 #1 and #2 and #3 #1 and #2 and #3
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CD68, CD80, CD86, CD163, and CD206, as defined by the individual
studies. Achilles related studies and rotator cuff related studies were
searched, respectively. Exclusion criteria consisted of the following:
studies without any control groups; patients only with infective or known
‘“inflammatory” tendon disease without subgroup analysis of tendon
structural damage; in vitro studies; sampling method described incon-
sistently; staining methods not using specific markers; case reports, case
series, review articles, letters or chapters; not available in English lan-
guage (Table 2a and Table 2b).

Studies meeting all criteria were reviewed, and all the included data
were chosen based on study heterogeneity and methodological quality.
Methodological quality scoring system assessment of human studies was
based on the method used by Hegedus et al. [40] and Dean et al. [41].
Animal studies were assessed with another quality system, which was
raised by Wells K et al. [42] (Appendix 1a and 1b).

Study selection

According to these two databases, a total of 1612 results and 1905
results were yield for preliminary screening of Achilles tendon injury and
rotator cuff injury, respectively. After screening by database filters and
removing duplicates, 356 articles remained for Achilles tendon and 445
articles remained for the rotator cuff. After further assessment by
screening titles and abstracts, ten articles on Achilles tendon injury and
Table 2a
Inclusion criteria and exclusion criteria for Achilles tendon injury.

Criteria

Inclusion
criteria

1. Full-text available;
2. Written in English;
3. Articles published in the last 20 years;
4. Articles containing original data;
5. Studies must be related to “macrophages” in the tendon tissue;
6. Achilles related studies;
7. Macrophages related number or proportion were measured in a
quantitative or semi-quantitative format;
8. The quantification/semi-quantification of macrophages cell
numbers had to involve the use of specific cell markers (CD68,
CD80, CD86, CD163, and CD206) as defined by the individual
studies.

Exclusion
criteria

1. No control group (control group was defined as either a healthy
tendon or a division between different tendinopathy groups);
2. Patients only with infective or known “inflammatory” tendon
disease without subgroup analysis of tendon structural damage;
3. In vitro studies;
4. Sampling method described inconsistently;
5. Staining methods not using specific markers;
6. Case reports, case series, review articles, letters or chapters;
7. Not available in English language.
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14 articles-related rotator cuff injury remained. After reviewing the full
text and based on the application of inclusion/exclusion for the above
screening procedures, led to the exclusion of non-related articles, five
articles, and four articles were included in the final qualitative synthesis,
respectively.

Study characteristics

Out of the five included Achilles tendon injury studies, 3 were human
studies [43–45], and 2 were animal studies [46,47]. All five studies re-
ported different phenotypes of Mφs with specific cell markers and
designed a subgroup of acute Achilles ruptured tendons. All human
studies had a tendinopathy subgroup. All studies collected acute and
chronic Achilles injury samples from live humans who received surgical
or biopsy treatments in a trauma unit or a sports clinic. The animal
studies [46,47] used a partial defect model and a surgical transected and
repair Achilles model, respectively.

All four included rotator cuff injury studies are on rotator cuff tear
or tendinopathy. The major limitation of most rotator cuff injury
human studies is that tendon biopsy specimens can be only obtained
when patients are symptomatic, so all the biopsy samples use tendin-
opathy to represent chronic injury rather early phase. All tendon bi-
opsy specimens in the four studies were collected from patients who
failed conservative treatment and received shoulder surgery. Ruptured
Table 2b
Inclusion criteria and exclusion criteria for rotator cuff injury.

Criteria

Inclusion
criteria

1. Full-text available;
2. Written in English;
3. Articles published in the last 20 years;
4. Articles containing original data;
5. Studies must be related to “macrophages” in the tendon tissue;
6. Rotator cuff related studies;
7. Macrophages number or proportion were measured in a

quantitative or semi-quantitative format;
8. The quantification/semi-quantification of macrophages cell

numbers had to involve the use of specific cell markers (CD68,
CD80, CD86, CD163, and CD206) as defined by the individual
studies.

Exclusion
criteria

1. No control group (control group was defined as either a healthy
tendon or a division between different tendinopathy groups);

2. Patients only with infective or known '“inflammatory” tendon
disease without subgroup analysis of tendon structural damage;

3. In vitro studies;
4. Sampling method described inconsistently ;
5. Staining methods not using specific markers;
6. Case reports, case series, review articles, letters or chapters
7. Not available in the English language.
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or torn supraspinatus specimens were collected as the experimental
group during rotator cuff repair surgery, and subscapularis specimens
were collected as the intact or healthy control group during anterior
stabilisation surgery of shoulder dislocation. One study [48] estab-
lished a human model of subscapularis tendinopathy, which can pro-
vide biopsy specimens during shoulder surgery of rotator cuff tears.
The inclusion criteria of the subscapularis tendinopathy can only be
included if there was no clinically detectable evidence MRI scan or
macroscopic damage to the subscapularis tendon at the time of
arthroscopic surgery. This study analysed differences between the tear
group and matched subscapularis tendinopathy group, and an inde-
pendent control group was obtained, comprising subscapularis tendon
collected from patients who were undergoing a stabilisation surgical
procedure. Two studies used patients who had a history of recurrent
Figure 1. (A) Flow chart of systematic review protocol (Achilles tendon inj
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dislocation of the shoulder and without history or evidence of rotator
cuff disease as a control group [33,49]. One study [50] used fresh
cadaveric supraspinatus tendons without grossly evident tears as
controls.

Study methodology and risk of bias

All the included studies stated and described their experiment groups,
control groups, and tendon tissue analysis. The summary of the included
studies and methodological scores are detailed in Appendix 2.

Out of the five Achilles tendon injury studies, three human studies
compared acute ruptures with intact controls, and two animal studies
specifically compared tendons with partial defects against the
completely transected tendon. All four rotator cuff injury studies
ury). (B) Flow chart of systematic review protocol (rotator cuff injury).
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analysed the shift in Mφs polarisation across different structural stages
of tendinopathy. Three studies were quantitative, and one study was
semi-quantitative. The extracted data were categorised into 2 groups:
Achilles tendon injury group and rotator cuff injury group. A further
categorisation of Achilles tendon injury studies into human studies and
animal studies.

During the screening, studies that did not have control groups for
comparison were excluded. A control group was defined as either a
healthy tendon or a division between different tendinopathy groups. In
addition to a formal statistical analysis, studies that used quantitative
and/or semi-quantitative methods were included in the results. Mean-
while, studies that used descriptive non-quantitative methods were also
included. This methodological assessment means that the results did not
include studies with a large degree of bias and that those with higher
degrees of potential bias have been highlighted to readers [41]. Due
to the natural heterogeneity of measurements across studies, a
meta-analysis could not be performed. Therefore, descriptive data, that
is, increased, decreased, or unchanged, was also summarised as an
outcome measurement.

Outcome measurement

The primary outcome was Mφs cell counts. Secondary outcomes were
specific cell markers measurement, including quantitative and descrip-
tive data of CD68, CD80, CD86, CD163, CD206, or other related cell
markers.

Results

The query resulted in 9 citations, and the flow charts of systematic
review protocol are listed in Figure 1A and B. The quality assessment of
the included articles was shown in Figure 2. A total of 215 human sam-
ples and 93 animal samples were included in this study. The details of the
included studies are listed in Table 3.

Achilles tendon injury studies

All results are summarised in Table 4. One human study reported a
fourfold upregulation of CD68þ Mφs found in acute Achilles. However,
no significant changes were found in Mφs polarisation markers CD80 and
CD206 [43]. In immunohistochemistry staining, the ruptured Achilles
tendon expressed higher amount of CD68þ Mφs (p ¼ 0.0007) when
Figure 2. Quality assessment
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compare with the normal groups. Immunohistochemistry staining of
CD68 was also found in ruptured Achilles tendon [45].

In animal models, a partial defect model of the Achilles tendon [46]
and a surgical transected and repaired Achilles model was used to
demonstrate the shift in Mφs polarisation [47]. Quantification of M1 or
M2 Mφs were expressed as a percentage of CD86þ or CD206þ Mφs per
total number of nuclei in the area of healing tendons. The percentage of
CD206þ Mφs per total number of nuclei showed a higher expression
level than CD86þ Mφs per total number of nuclei in a partial Achilles
tendon defect model [46]. Low levels of M2 Mφs (CD206þ) were
constantly observed in complete ruptured Achilles tendon regardless of
the affected portion. Thus, on day 28, after Achilles tendon transection, a
high level of M1 Mφs expression was found compared to M2 Mφs [47].

Specific cell markers CD68, CD80, and CD206, were used to
demonstrate the Mφs polarisation between ruptured tendon (acute and
chronic) and healthy intact tendon [43,44]. Inflammatory change was
detected by immunohistochemistry in all tendon pathology groups but
was found to be significantly lower in tendons with tendinopathy
compared to chronic ruptures. The number of CD68þ Mφs was found to
be significantly higher in chronic Achilles tendon when compared to
healthy intact controls (p ¼ 0.0015). No significant differences in the
number of CD68þ Mφs were found between ruptured Achilles tendon
and Achilles tendon with tendinopathy. CD163 messenger RNA (mRNA)
was highly expressed in ruptured Achilles (n ¼ 0.03) and in Achilles
tendon with tendinopathy (n ¼ 0.002) when compared to healthy con-
trols. CD206 mRNA were also found to be increased in Achilles with
tendinopathy compared to ruptured Achilles tendon (p ¼ 0.0002) [44].

In humans, the contribution of Mφs to the pathogenesis was indicated
by the increased expression of CD68, while M1 and M2 Mφs showed no
significant changes after acute tendon injury. In animals, low levels of
CD206þ Mφs were constantly observed in the complete ruptured
Achilles tendon, but higher expression levels in partial defect animal
models were also shown.

Rotator cuff injury

The number of pan Mφs and CD68þ Mφs was significantly higher in
matched specimens (subscapularis) with tendinopathy compared to
matched healthy control in two studies [48,49]. One study used a
descriptive assessment to assess the increase appearance of CD68þ Mφs
in a matched specimen with tendinopathy [50]. Compared to healthy
control, CD206þ Mφs also showed a coherent increase in matched
of the included studies.



Table 3
Details of included studies.

Author Year Journal Study
type

Tendon Sample demographics Subgroup analysis Inflammatory cell
markers

Experimental group type and
size

Control group type and size Source

Franka KS et al.
[37]

2018 Int J Mol Sci Human Achilles Acute (n ¼ 13) vs chronic (n
¼ 6) vs tendinopathy (n ¼ 7)

Intact tendons for RNA
analysis (n ¼ 4); for
histological evaluation (n
¼ 5)

1. Acute: recreational sportsmen
2. Chronic: delayed traumatic patients with

surgery
3. Patients with insertional Achilles

tendinopathy
4. Patients suffer non-related tendon patho-

logical surgery
5. Cadavers

Acute Achilles rupture vs.
chronic Achilles rupture vs.
chronic tendinopathy vs.
intact

CD3, CD34, CD45,
CD68, CD80, CD206

Dakin SG et al.
[38]

2018 Br J Sports
Med

Human Achilles Mid-portion Achilles
tendinopathy (n ¼ 17) and
rupture (n ¼ 19)

Healthy hamstring tendons
(n ¼ 15)

1. Tendinopathy biopsies from a sports clinic
2. Ruptured biopsies from a trauma unit
3. Hamstring biopsies from patients

undergoing anterior cruciate ligament
reconstruction

Mid-portion tendinopathy
vs. rupture

CD14, CD31, CD68,
CD106, CD163,
CD206, CD248

Bergqvist F
et al. [39]

2019 Arthritis
Res Ther

Human Achilles Shoulder tendon cohorts (n ¼
19) vs Achilles tendon cohort
(acute: n ¼ 3; chronic: n ¼ 3)

Hamstring tendon cohort
(n ¼ 8)

1. Supraspinatus tendon biopsies were
collected during repair surgery

2. Tendinopathic supraspinatus tissue was
collected during arthroscopic subacromial
decompression surgery

3. Achilles tendinopathic tissues were
collected by a 14G trucut biopsy needle

4. Achilles rupture tissues were collected
during surgical debridement

5. Hamstring tendons were collected during
anterior cruciate ligament reconstruction

Tendinopathy vs. rupture CD31, CD34, CD45,
CD68

Barboni B et al.
[40]

2018 J Tissue Eng
Regen Med

Animal
(Ovine)

Achilles Ovine Achilles tendon partial
defect model (n ¼ 29)

Health Achilles tendons (n
¼ 10)

1. Ovine Achilles partial defect tendon
2. Healthy Achilles tendons were collected at

slaughterhouse

Partial defect model vs.
health tendon

CD3, CD45, CD68,
CD86, CD206

Chamberlain CS
et al. [41]

2019 Stem Cells Animal
(Mice)

Achilles Surgical transected Achilles
model (n ¼ 27)

Intact contralateral side
tendon (n ¼ 27)

1. Surgical transected Achilles tendon.
2. Intact contralateral control.

Transected tendon vs. intact
tendon

CD9, CD14, CD63,
CD81, CD206

Gotoh et al.
[42]

1997 J Orthop
Res

Human Rotator
cuff

Supraspinatus insertions:
complete tear (n ¼ 8) and
incomplete tear (n ¼ 8)

Cadaveric specimens (n ¼
6)

1. Supraspinatus insertions with portions of
the greater tuberosity were obtained
during surgery.

2. fter being examined for gross tears, fresh
cadaveric specimens , were harvested
within 6 h postmortem and served as
controls.

Partial thickness vs. full
thickness tears

CD68

Matthews et al.
[43]

2006 J Bone Joint
Surg Br

Human Rotator
cuff

Torn chronic supraspinatus
specimens (n ¼ 40)

Subscapularis specimens
from patients with
recurrent dislocation (n ¼
4)

1. Specimens were taken from within 1.5 cm
of the edge of tear during rotator cuff
surgery.

2. Subscapularis controls were harvested
during anterior stabilisation of the
shoulder.

Tear size CD34, CD45, CD68

Millar et al. [44] 2010 Am J Sports
Med

Human Rotator
cuff

Ruptured supraspinatus
specimens (n ¼ 20)

Tendinopathic
subscapularis specimens (n
¼ 10)

1. Supraspinatus specimens were collected
during surgery.

2. Subscapularis controls were harvested
during anterior stabilisation of the
shoulder.

Tear vs tendinopathy CD3, CD34, CD68,
CD206

Hackett et al.
[45]

2016 J Bone Joint
Surg Am

Human Rotator
cuff

Torn supraspinatus specimens
(n ¼ 10)

Subscapularis specimens
(n ¼ 10)

1. Supraspinatus tendon was taken from the
torn edge of the tendon.

2. Subscapularis tendon was harvested
arthroscopically from the superior border
of the tendon approximately 1 cm lateral
to the glenoid labrum.

Control vs. tear vs. calcific
tendinitis

CD3, CD34, CD68,
CD206
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Table 4
Macrophages cell markers change in acute Achilles ruptured tendon.

Cell markers

CD68 CD80/
86

CD163/
206

Increased, unchanged, decreased in acute rupture
vs. control or not detected (ND)

↑a b c →a
↑d

→a d
↑e

Increased, unchanged, decreased in acute rupture
vs tendinopathy or not detected (ND)

ND a / ↓a b

Article notes:
a: Franka KS et al., Different Achilles Tendon Pathologies Show Distinct Histo-
logical and Molecular Characteristics. Int J Mol Sci 2018.
b: Dakin SG et al., Chronic inflammation is a feature of Achilles tendinopathy and
rupture. Br J Sports Med 2018.
c: Bergqvist F et al., Divergent roles of prostacyclin and PGE2 in human ten-
dinopathy. Arthritis Res Ther 2019.
d: Barboni B et al., Therapeutic potential of hAECs for early Achilles tendon
defect repair through regeneration. J Tissue Eng Regen Med 2018.
e: Chamberlain CS et al., Extracellular Vesicle-Educated Macrophages Promote
Early Achilles Tendon Healing. Stem Cell 2019.
↑d: an ovine Achilles tendon partial defect model was used.
Target cells/tissue: CD68: Pan macrophages; CD80/CD86: M1 like macrophages;
CD163/CD206: M2 like macrophages; CD31/34: Vascular endothelium.

Table 6
Macrophages cell count quantitative changes in rotator cuff tendinopathic and
torn specimens versus healthy control tendon.

Authors Cell counta (Control – matched
tendinopathic subscapularis –
small tear – medium tear – large
tear – massive tear)

Mean vessel countb (Control –
matched tendinopathic
subscapularis – small tear –
medium tear – large tear –
massive tear)

Pan-
macrophages

M2-like
macrophages

Matthews
et al.

2-/-19-9-3-4 / 4.5-/-32.2-18.4-6.1-0.5

Millar et al. 4-30-23-14-5-
3

2-26-15-13-7-2 6-38-28-17-6-1

Hackett
et al.c

2-10 2-10 5-11

Small: <1 cm2, Medium: >1–3 cm2; Large: >3–5 cm2; Massive: >5 cm2.
Control: subscapularis tendon collected from patients undergoing arthroscopic
surgery for shoulder stabilisation without rotator cuff tears in the same time
period.

a Mean number of cells in ten high-power fields of view (magnification �400).
b Mean number of vessels in ten high-power fields of view (magnification

�400).
c No more details of the size of torn supraspinatus.
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specimens with tendinopathy [48]. Significant differences of CD206þ
Mφs can be found in intact tissue, intact tissue with tendinopathy, and
torn tendon by quantitative assessment (p < 0.001) [45–47] (Table 5).
Moreover, pan Mφs levels and M2 Mφs levels decrease as the structural
tendon failure increases [48,49]. CD68 and CD206 markers also assessed
the coherent variety as panMφs andM2Mφs in one study [48]. The other
study tested the increased level of cell count and specific cell markers
between the intact control and torn tendon specimens [33]. The number
of CD68þ Mφs and CD206þ M2 Mφs were higher in tissues with ten-
dinopathy. Moreover, both of CD68þ Mφs and CD206 þ M2 Mφs
decreased as the structural failure of torn rotator cuff tendon increased
(Table 6 & Figure 3).
Table 5
Macrophages cell and vascular markers change in rotator cuff tendinopathic
specimens versus healthy control tendon, and differences as structural tendon
failure increases.

Cell markers

CD68 CD206

Increased, unchanged, decreased in
tendinopathic vs. control or not detected (ND)

Quantitative ↑g h ↑h
Descriptive ↑f /

Increased, unchanged, decreased as structural
failure increases or not detected (ND)

Quantitative ↓g h
↑i

↓h

Descriptive →f ND i

Article notes:
f: Gotoh M, Hamada K, Yamakawa H et al. Significance of granulation tissue in
torn supraspinatus insertions: an immunohistochemical study with antibodies
against interleukin-1 beta, cathepsin D, and matrix metalloprotease-1. J Orthop
Res 1997.
g: Matthews TJ, Hand GC, Rees JL et al. Pathology of the torn rotator cuff tendon.
Reduction in potential for repair as tear size increases. J Bone Joint Surg Br 2006.
h: Millar NL, Hueber AJ, Reilly JH et al. Inflammation is present in early human
tendinopathy. Am J Sports Med 2010.
i: Hackett L, AMS, Millar NL et al. Are the Symptoms of Calcific Tendinitis Due to
Neoinnervation and/or Neovascularisation? J Bone Joint Surg Am 2016.
↑i: only show the increase between intact control and torn tendon specimen. No
result of sequential variety as structural tendon failure increases.
Target cells/tissue: CD68: Pan macrophages; CD206: M2 like macrophages;
CD34: Vascular endothelium.
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Discussion

The systematic review aims to identify the role of Mφs after a tendon
injury, including acute rupture and chronic tendinopathy-tear/rupture
stages by analysing Achilles tendon injury and rotator cuff injury. The
findings support that Mφs contributes to the pathogenesis of acute
rupture and chronic tendinopathy, as indicated by the increased
expression of CD68. While pan Mφs level after acute Achilles tendon
rupture was higher than intact controls, M1 and M2 Mφs showed no
significant changes, as indicated by no upregulated expression of CD80 or
CD86, and CD163 or CD206. Pan Mφs and M2 Mφs levels were higher in
partial tendon rupture and tissues with tendinopathy compared to intact
controls. Both pan Mφs and M2 Mφs decreased as the structural failure of
torn rotator cuff tendon increases. Due to the limited amount of studies
that investigate Mφs in acute ruptured Achilles tendon tissues and rotator
cuff tendinopathy tissues by using specific cell markers and/or quanti-
tative or descriptive analysis, the evidence was based on a small range of
studies. However, the findings still provided a potential implication on
how to pan Mφs or M2 Mφs might be associated with a ruptured or torn
tendon structure. Managing Mφs numbers and phenotypes may lead to
possible novel therapeutic approaches to the management of early ten-
dinopathy, early acute tendon rupture, hence, promote healing after
restoration surgery.

As an acute injury, Achilles tendon injuries can heal with an
acceptable recovery of function, but tendon tissue quality can rarely or
unable to return to preinjury levels by using current biological
augmentation or surgical interventions [51,52]. Tendon ruptured may
occur spontaneously during activities of daily livings, and it has been
widely attributed to the accumulation of tissue damage, which is asso-
ciated with the process of degenerative tissue remodelling [53]. Tendon
injury could ultimately result in biological and mechanical propagation
of the tendon tear or rupture, and then lead to the catastrophic structural
damage. By analogy with a wound or other tissue healing, the tendon
injury could be repaired with an initial matrix, which can provide
stop-gap mechanical integrity and a tissue template to guide later matrix
remodelling [53–55]. Since tissue barriers between intrinsic and
extrinsic compartments had been violated after tissue injury, the classic
wound healing procedure programmed procedure, including bleeding,
clot formation, immune cells, and progenitor cells recruitment-early
tissue, early and late tissue remodelling [56,57], which ideally
manage the resolution and restoration of the neo-innervation and



Figure 3. Macrophages cell counts observed related to the size of rotator cuff tear.
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neo-vasculature [58]. Inflammation plays a crucial role in cross-talk
management between the neurovascular immune system and tendon
core [59,60]. The term “inflammation” has been primarily considered to
describe a serious of clinical symptoms and signals after bony or soft
tissue injury. However, the definition of “inflammation” has been sub-
sequently changed and be more complex. In a huge variety of disease
processes, including tendon healing process, inflammation may lead to a
deeper understanding of the way to manage the repair response, espe-
cially during the tendon tissue healing process [61]. Mφs can act as
immune sentinels in the front line of tissue defense. When the immune
system needs to defect or respond to the initial tissue damage, Mφs
would be positioned discretely and programmed transcriptionally [61].
This study has demonstrated that Mφs play a role after a tendon injury,
including acute rupture and chronic tendinopathy.

A variety of mechanisms can initiate the inflammatory process of the
immune system, during tissue repair, including mechanical stress,
chemical or thermal stimulation, and pathogens invasion. Both Achilles
tendon and rotator cuff are precisely the connective tissue between
tendon and bone, which experiences a high level of intrinsic mechanical
stress [62]. The reaction between tendon tissue and abnormal mechan-
ical loading plays a key role after tendon injury. Mechanical forces could
act as stimuli, and then detected by tenocytes, and are transduced via
intracellular pathways and converted into biochemical signals that elicit
cellular responses [63]. As the structural failure of the ruptured or torn
tendon structure increases, the intrinsic mechanical stress would fizzle
out. The unique abilities of M φ s and the variable expression of different
subtypes are fundamental for maintaining soft tissue homeostasis [64].
Therefore, the shift in Mφs polarisation during the healing process is
highly dynamic, and the specific role of M2 Mφs is difficult to discern in
the complicated macroenvironment [65]. Chu SY et al. reported that
stretch elicits Mφs-predominated inflammation and activated chemo-
kines for Mφs recruitment. The strain-stimulated macroenvironment
could recruit Mφs by releasing chemokines and then polarise them into
M2 subtypes [66]. However, the precise mechanism of facilitating M2
polarisation by regulating cytokines and metabolic processes still needs
further investigation. Previous studies have revealed the important role
of the extracellular matrix (ECM) fragments, which can upregulate che-
mokines, promote Mφs recruitment, enhance phagocytic functions, and
induce cytokines [67–70]. Moreover, M2 Mφs can produce a wide array
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of growth factors. The growth factors and fibroblast growth factors, such
as Hgf, Igf1, and Fgf10, are upregulated when stretch is released [66].
Tissue damage, such as rupture of the ECM or cell junction induced by
stretch, might play a role in Mφs recruitment or polarisation. Moreover,
the links between force distribution, tissue damage, morphogen gradi-
ents and cell responses have acquired substantial research interest, which
is related to the mechanical stretch—immune response activa-
tion—regeneration process axis. Especially M2 Mφs, it might be the key
mediators in stretch-induced regeneration. According to our results of
this systematic review, Achilles tendon suffered a sudden external
disruption, which induces strain-stimulated macroenvironment alter-
ation. Pan Mφs level after acute Achilles tendon rupture increased as
indicated by the increased expression of CD68. Alteration of CD206
expression was not found, which could indicate the variety of M2 Mφs. A
possible explanation to such a phenomenon would be that M2 Mφs re-
quires a longer time to be induced, and therefore, does not respond
immediately with a sudden external disruption after a traumatic injury.
However, we found that CD206 expression decreased as structural failure
increases in rotator cuff injury, which may indicate that M2 Mφs de-
creases the tension of the tendon tissue causing the strain-stimulated
macroenvironment to weaken. Increased accumulation of Mφs was
found in a rodent model with upper extremity overuse injury and another
model with calcaneal tendon injury [71,72]. The current systematic re-
view obtained similar results. CD163/CD206 was highly expressed in
tendon tissue with tendinopathy, including chronic tendinopathy in
Achilles tendon and chronic tendinopathy rotator cuff tendon, which
may indicate precisely the mechanical stretch might play a role in
facilitating M2 Mφs polarisation through regulation of inflammatory
cytokines or metabolic processes. Still, further research on animal models
is needed to pinpoint the effect of strain-stimulated macroenvironment,
which can recruit Mφs through chemokine release and polarised them
into M2 subtypes. Since this conclusion would be difficult to be drawn
using human models, where interpersonal differences are not negligible,
these two kinds of pathological changes can affect the CD206 expression.

Mφs can be presented in tissues that undergo substantial mechanical
stretch. A review intends to highlight Mφs may be mechanically sensi-
tive, and Mφs phenotypes may be partially regulated by the physical
factors [73]. Mφs can be mechanically activated when they are probed,
leading to discerned alterations in the mechanical properties of the
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surrounding microenvironment, then transduce those changes into
biochemical signals [74,75]. Previous studies have demonstrated that the
migration speed of Mφs is inversely correlated to intracellular tensions
[76], andM2 primaryMφs has been shown to be muchmore shifting than
M1 Mφs in the absence of chemoattractant in murine [77]. One of the
findings from this systematic review demonstrated that CD206 expres-
sion decreased as structural failure increased. Demonstrating the corre-
lation between mechanical stretch and M2 Mφs polarisation, as well as
how the restoration of mechanical stretch affects Mφs polarisation, may
provide a potential mechanism to explain the tendon healing process
after tendon repair surgical procedure.

Experimental approaches by means of selectively targeting Mφs with
phenotypes or introducing beneficial ones are still far from being suc-
cessful [78]. However, recent evidence demonstrated that more than one
Mφs phenotype is required to regulate the complex tissue healing pro-
cess. The key point may lie in the sequential activation and timely
transition from one phenotype to another. Through biochemical, phys-
ical, or combined means of managing the functional plasticity of Mφs, to
remodulate them to attain certain phenotypes sequentially may provide a
promising therapeutic strategy.

Limitations

The conclusions drawn from this systematic review are limited
because of the quantity of the included studies. Meanwhile, in order to
avoid the significant study heterogeneity in terms of the included tendon
types, the studies of Achilles tendon and rotator cuff tendon were ana-
lysed separately. Therefore, the major limitation of this review is the
small number of articles included.

The second limitation is that we cannot standardise the time point of
collecting tendon specimens in human studies. The time points of biopsy
specimen collection relative to an acute tendon rupture or a chronic
tendon tear is a significant factor, which could occur in the acute phase or
chronic phase. More attention should be paid to note that the time and
method of sampling the tendon tissue might contribute to the differences
observed, and the amount of loose connective tissue in biopsy may vary
between healthy or intact controls and the tissuewith tendinopathy. Since
researchers may not be able to identify the period between the beginning
of chronic or acute injury and tendon specimen collection time pointwhen
patients received biopsy or surgery, this serves as a limitation.

The third limitation is that only those studies that use specific cell
markers can be included. Although this decision was taken in order to
exclude studies, which have still relied on subjective interpretation, some
critical studies might be excluded during the screening process.

Conclusions

The existing evidence revealed that inflammation seems to play a role
in acute ruptures, as indicated by the increased expression of CD68þ
Mφs. Lower levels of CD80/CD86 and CD163/CD206 were constantly
observed in acute complete rupture, which show a potential correlation
between M2 Mφs and tendon structure. For chronic rotator cuff tendin-
opathy, pan Mφs and M2 Mφs levels were higher in tissues with ten-
dinopathy than intact controls. Both pan Mφs and M2 Mφs decreases as
the structural failure of torn rotator cuff tendon increases. After tendon
rupture, the time point of biopsy specimen collection is a significant
factor. Collectively, the understanding of the roles of Mφ during tendon
injury is still relatively inadequate and more research efforts could be
devoted to this direction. The lack of high-quality quantitative studies
demonstrated that there is still an explicit need for further researches to
better understand the role of Mφs and inflammation in tendon injury,
which may lead to a novel intervention.
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Appendix
Appendix 1a. Methodological quality assessment document for human
study (the number of “yes” answers was counted for each study to give a
total score out of 10).
Appendix 1b. Methodological quality assessment document for animal
study (the number of “yes” answers was counted for each study to give a
total score out of 8).
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Appendix 2. Summary of included studies and methodological
score.
Study 1 2 3 4 5 6 7 8 9 10 Quality assessment

Gotoh et al. No Yes Yes Yes No No Yes Yes Yes Yes 7
Matthews et al. Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes 9
Millar et al. No Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Hackett et al. Yes Yes Yes Yes Yes Unclear Unclear Yes Yes Yes 8
Franka KS et al. Yes Yes Yes Yes Yes Unclear Yes Unclear Yes Yes 8
Dakin SG et al. Yes Yes Yes Yes Yes Unclear Yes Unclear Yes Yes 8
Bergqvist F et al. Yes Yes Yes Yes Yes Unclear Unclear Unclear Yes Yes 7
Barboni B et al. Yes Yes Yes Yes Yes Yes Yes No 7
Chamberlain CS et al. Yes Yes Yes Yes Yes Yes Yes No 7
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