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Macrophage M1 Plays a Positive Role in Aseptic
Inflammation-Related Graft Loosening After Anterior Cruciate
Ligament Reconstruction Surgery

Bin Song,1 Chuan Jiang,1 Huan Luo,1 Zhong Chen,1 Jingyi Hou,1 Yunfeng Zhou,1 Rui Yang,1

Huiyong Shen,1,2 and Weiping Li 1,2

Abstract—Macrophage-related inflammatory response is one of the main biological factors resulting in f-
ailure of anterior cruciate ligament (ACL) reconstruction, although the specific pathomechanism remains to
be clarified. Our aim was to investigate the association between graft loosening and macrophage-related
inflammation in cases of loosening of reconstructed ACL autografts. Tissue samples were obtained from 21
patients who underwent a second-look arthroscopy within the first year after arthroscopic ACL reconstruc-
tion using single-bundle hamstring tendon autografts. Possible biological factors of graft loosening were
analyzed using polymerase chain reaction, Western blot, and hematoxylin/eosin and immunohistochemical
staining of graft tissue samples obtained during the second-look arthroscopy. Graft loosening was closely
related to increased gene and protein expression of inflammatory cytokines (TNF-α, IL-6, and IL-8) and
activation of the inflammation-related toll-like receptor (TLR) signaling (TLR2 and TLR4). The molecular
expression of TGF-β and type I and III collagen was also inhibited to varying degrees, with decreased
vascularization of the graft due to an inhibition of VEGF. iNOS, amarker ofM1macrophage activation, was
highly expressed in cases of graft loosening, with no effect of M2macrophages identified. The activation of
M1 macrophages and aseptic inflammation signaling is an important biological factor of graft loosening
after ACL reconstruction, affecting ligamentization and the health of grafts.

KEYWORDS: anterior cruciate ligament; macrophage; graft loosening; inflammation; toll-like receptor signaling.

INTRODUCTION

Rupture of the anterior cruciate ligament (ACL) is one
of the most common sport-related orthopedic injuries.

Arthroscopic ACL reconstruction (ACLR) is recognized as
the treatment of choice, with good-to-excellent outcomes
achieved in 75 to 90% of cases. However, the failure rate
of ACL reconstruction remains at approximately 9.6% for
autograft repairs and 25.0% for allograft repairs [1–3]. ACLR
failure usually occurs in young and middle-aged adults,
typically 18 to 35 years of age, and requires revision surgery
to restore knee function and improve patients’ quality of life.

A recent multicenter ACL revision study (MARS)
identified traumatic reinjury (32%), technical errors
(24%), and a combination of trauma and errors (37%) as
the main causes of ACLR failure. TheMARS study further
identified biological factors as having a probable causative
role in ACLR failure in 7% of cases [4]. However, our
understanding of the role of biological factors in the mech-
anism of ACLR failures mainly due to graft loosening is
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limited. Healing of the ACL graft involves both intra-
tunnel and intra-articular graft remodeling, commonly re-
ferred to as ‘tendon-bone healing’ and ‘ligamentization’,
respectively [5–8].

Biological factors, and macrophage activity more spe-
cifically, can negatively affect tendon-bone healing,
resulting in graft loosening and ACLR failure [9]. More-
over, the accumulation of macrophages following tendon-
to-bone repair might contribute to the formation of a scar-
tissue interface and, therefore, be an important component
of biological factors that influence the process of tendon-
bone healing [9]. In response to cues in the microenviron-
ment of the ACLR, classically activated macrophages (M1)
and alternatively activated macrophages (M2) are pheno-
typically polarized to perform proinflammatory and immu-
noregulatory functions, respectively [10, 11]. M1 macro-
phages promote the Th1 response, as well as microbicidal
and tumoricidal activity, while M2 macrophages promote
the Th2 response during the phase of tissue remodeling [12–
14]. This differential proinflammatory and immunoregula-
tory function of M1 and M2 has been confirmed in tumors
and in cases of inflammation and fibrosis [11].

With regard to ACLR grafts, animal studies have
provided evidence that accumulation of M1 macrophages
might give rise to poor tendon-bone healing. Moreover,
Killian et al. identified that mechanical stimulation of the
reconstructed ligament influences macrophage accumula-
tion on the graft and is therefore likely to play an important
role in tendon-bone healing [15]. However, the interaction
between macrophage accumulation and poor tendon-bone
healing in graft loosening has not been investigated in
detail, including molecular signaling underlying this bio-
logical mechanism of ACLR graft healing. Therefore,
based on detection results of tissue specimens and
follow-up data of our patients undergoing arthroscopic
ACLR, the aim of our study was to investigate the associ-
ation between graft loosening of post-ACLR and
macrophage-related inflammation.

MATERIALS AND METHODS

Human Model and Inclusion Criteria

Our study was approved by Sun Yat-sen Memorial
Hospital’s Ethics Committee. The study group of interest
consisted of patients who underwent a primary ACLR at
our hospital using a single-bundle hamstring tendon auto-
graft and requiring a second-look arthroscopy, again at our
hospital, for possible graft loosening, within the first year

after ACLR. Patients who underwent these procedures
between 2012 and 2015 were screened on the following
inclusion criteria: (1) isolated arthroscopic ACLR and nor-
mal contralateral knee; (2) no repeated injury between the
primary ACLR and second-look arthroscopy; and (3) pa-
tients’ consent to second-look arthroscopy to remove the
U-shaped staples used to fix the graft at the tibial site.
Exclusion criteria were additional ligamentous injuries,
articular cartilage damage, intercondylar notch impinge-
ment, and articular infection. Both the primary ACLR
and second-look arthroscopy were performed by one ex-
perienced surgeon (W. L.) for all patients included in the
analysis, with the same technique and materials used in all
cases. The morphology and tension of the graft were con-
firmed to be normal under arthroscopy for all ACLR cases,
with confirmation of negative anterior drawer, pivot shift,
and Lachman tests, with respect to the uninvolved contra-
lateral knee, after ACLR. All patients underwent a stan-
dardized rehabilitation protocol post-ACLR.

After a 1-year follow-up, patients with a poor tendon-
bone healing status were identified based on the ACL
failure criteria described by Noyes and Barber-Westin
[16]: a complete graft tear, associated with >6 mm of
anterior displacement of the tibia compared to healthy the
knee, measured using the Kneelax 3 (Monitored Rehab
Systems, Haarlem, Netherlands) [17]; a positive pivot shift
test of grade + 2 or +3, compared to the healthy knee, with
or without knee pain or inflammation; and a subjective
sensation of instability or functional limitation in activities
of daily life and/or sports, assessed by the Lysholm score
[18, 19]. These patients formed our graft loosening group
for analysis. Patients with no symptoms or signs of graft
loosening and no radiographic evidence of fracture and
graft rupture formed our normal graft group (control group)
in our analysis. The healing status of all grafts with regard
to graft tension, synovial coverage, and bundle condition
was ultimately confirmed during the second-look arthros-
copy of the 21 patients who required a second-look ar-
throscopy within the first year post-ACLR. Among these
21 patients, 11 met the failure criteria (graft loosening
group) and 10 patients formed the control group for anal-
ysis. Relevant demographic data for two groups are sum-
marized in Table 1.

Tissue Collection and Preparation

Approximately 200 mg of graft tissues was collected
from the surface of the reconstructed ACL during the
second-look arthroscopy using a rongeur. Tissue samples
were obtained at the opening of the femoral tunnel, close to
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the intercondylar fossa. A portion of the tissue sample was
rapidly stored in liquid nitrogen or at −80 °C for molecular
analysis, with the remaining tissue specimens fixed in 4%
paraformaldehyde for histological and immunohistochem-
ical staining.

Hematoxylin/Eosin Staining and
Immunohistochemical Staining

Tissue samples fixed in 4% paraformaldehyde were
embedded in paraffin and sliced in section of 5 μm thick-
ness using a microtome. A portion of these sections were
stained in HE solution, with the other portion incubated
with primary antibodies against collagen I, collagen III,
toll-like receptor 2 (TLR2), TLR4, IL-8, IL-6, TNF-α,
TGF-β1, VEGFA, CD68, CD206, iNOS (Abcam, Cam-
bridge, UK) and then incubated with biotinylated second-
ary antibody (Bioss, Beijing, China) for immunohisto-
chemistry. All sections were evaluated under light micros-
copy combined with a CCD camera (Chongqing Optec
Instrument Co., Chongqing, China). The immunohisto-
chemical scoring was performed as described previously
[20].

Real-Time Polymerase Chain Reaction

Using the tissue samples stored in liquid nitrogen,
the total RNA was extracted using a Trizol reagent kit
(Life Technologies, USA) and subjected to cDNA syn-
thesis using a TaKaRa PrimeScript™ RT reagent Kit
(TaKaRa, Otsu, Japan). Real-time PCR with TaKaRa
SYBR® Premix Ex Taq™ II kit (TaKaRa, Otsu, Japan)
was performed in a total volume of 20 μL containing
1 μL cDNA, 10 μL SYBR premix EX Taq™ (2×),
0.5 μL forward primer (10 μM), 0.5 μL reverse primer
(10 μM), and 8 μL RNAase-free H2O. Gene quantifi-
cation was analyzed in triplicate using the Bio-Rad
CFX96 Real-Time PCR System. The gene primer

sequences used for quantitative real-time PCR are sum-
marized in Table 2, with GAPDH used as the reference
gene. All analyses were performed according to the
manufacturer’s instructions.

Western Blotting Analysis

For protein expression analysis, tissue samples
were ground and lysed using a RIPA buffer. An equal
amount of protein from tissue extracts were separated
on SDS-polyacrylamide gels and transferred onto
PVDF membranes (Millipore, MA, USA). The mem-
branes were incubated with blocking solution (5%
BSA) for 60 min at room temperature. Samples were

Table 1. Relevant demographic variables for the two groups

Normal graft group Graft loosening group P value

Case number 10 11 -
Male/female 8/2 9/2 0.973
Mean (range) age, years 28.9 ± 4.2 (23–35) 29.6 ± 5.3 (19–36) 0.728
Mean (range) duration between injury and primary ACLR, months 41.6 ± 64.9 (2–200) 145.4 ± 273.1 (1–900) 0.538
Mean (range) intervals from primary ACLR to second-look arthroscopy, months 13.0 ± 1.2 (12–16) 12.7 ± 1.0 (12–15) 0.587
Mean (range) tibial translation (Kneelax arthrometer), mm 3.7 ± 1.8 (2–8) 17.1 ± 3.8 (12–25) <0.001
Lysholm scores prior to second-look arthroscopy 95.4 ± 2.4 (91–98) 82.9 ± 4.3 (75–88) <0.001

Table 2. List of primer sequences used for quantitative real-time PCR

Target gene Sequences Gene ID

COL1A1-F CCTGGATGCCATCAAAGTCT 1277
COL1A1-R ACTGCAACTGGAATCCATCG
COL3A1-F TTCAGTTTAGCTACGGCAATCC 1281
COL3A1-R GGCCTGATCCATGTATGCAA
IL6-F CAATGAGGAGACTTGCCTGG 3569
IL6-R TGGACTGCAGGAACTCCTTA
IL8-F GGAAGGAACCATCTCACTGT 3576
IL8-R CAGTGTGGTCCACTCTCAATC
TGFβ1-F CACGTGGAGCTGTACCAGAA 7040
TGFβ1-R GAACCCGTTGATGTCCACTT
TLR2-F TGACCGCAATGGTATCTGCA 7097
TLR2-R AAAGGGGCTTGAACCAGGAA
TLR4-F GTGATGTTTGATGGACCTCTGA 7099
TLR4-R AAGGAGCATTGCCCAACAG
TNFα-F TTCTGCCTGCTGCACTTTG 7124
TNFα-R TGGGCTACAGGCTTGTCACT
VEGFA-F GGAGCTTCAGGACATTGCTGT 7422
VEGFA-R GAAGGTCAACCACTCACAC
GAPDH-F CCTGGATACCGCAGCTAGGA 2597
GAPDH-R GCGGCGCAATACGAATGCCCC

F forward, R reverse
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then incubated overnight at 4 °C with primary antibod-
ies (Abcam, Cambridge, UK) for collagen I, collagen
III, TLR2, TLR4, IL-8, IL-6, TNF-α, TGF-β1,
VEGFA, and GAPDH, with subsequent incubation
with secondary antibody (goat anti-rabbit IgG (H&L)-
HRP; Southern Biotech, Birmingham, AL) applied for
90 min at room temperature. The protein bands of
interest were visualized by enhanced chemilumines-
cence, with the intensity of each band analyzed using
the Quantity One software (Bio-Rad Laboratories,
Hercules, CA).

Statistical Analysis

The data from each group are presented as the
mean ± standard deviation (SD). Between-group differ-
ences in inflammation- and tendon-related gene and pro-
tein expression were analyzed using Student’s t test. Spear-
man test was used to evaluate correlations between biolog-
ical expression and knee function score. Data analysis was
performed with SPSS 13.0 software (SPSS Inc., Chicago,

USA). Avalue of P < 0.05 indicated statistical significance
between groups.

RESULTS

Gross Appearance of Reconstructed ACL Grafts
Under Second-Look Arthroscopy

On visual inspection, the grafts from the control
group showed good survival, with the surface of the
graft covered by a peripheral vessel-rich synovial
sheath, with an appropriate anatomical position and
good continuity and vascularization (Fig. 1a, b). How-
ever, in the graft loosening group, the graft appeared
pale and coarse, with absence of vascularization and
poor continuity (Fig. 1c, d). Importantly, between-
group differences in graft laxity were further confirmed
by the anterior drawer test performed under arthrosco-
py, with the detected laxity being consistent with phys-
ical examination and knee function scores.

Fig. 1. Representative photos of in vivo grafts obtained during second-look arthroscopy.
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Histological Observation of Reconstructed ACL Grafts
Under Light Microscope

At low magnification (100×), alignment of collagen
fibers and few inflammatory cells were shown in graft
tissues from the control group. However, in the graft loos-
ening group, significant infiltration of macrophages was
identified in collagen-lacking graft tissue (Fig. 2). The
disorganized tissue structure and macrophage infiltration
in patients who had experienced loosening of the graft
(graft loosening group) were evident on highmagnification
(200×).

Between-Group Differences in Target Protein
Expression in Tendon Tissue Samples

In order to further clarify the potential influence
and relationship of inflammatory reaction on graft tis-
sue samples obtained from patients in graft loosening
group and on their clinical outcomes, immunohisto-
chemistry analysis was performed. Results indicated
an increased expression of TNF-α, IL-6, IL-8, TLR2,
and TLR4, as well as a substantive infiltration of
macrophages, identified using CD68 labeling (Fig. 3).
In contrast, a decreased expression of TGF-β, VEGFA,
collagen I, and collagen III, to varying extent, was

identified in these tissues (Fig. 3). Importantly, the
expression of iNOS, one of the key indicators of acti-
vated M1 macrophages, was significantly increased in
tendon tissue samples obtained from graft loosening
group compared to sampled obtained from the control
group. However, the expression of CD206, one of the
key markers of M2 macrophage activation, was com-
parable between the two groups (Fig. 3). Further, quan-
titative results of the above-mentioned immunohisto-
chemical staining demonstrated that the differences of
between-groups were all significant statistically (Fig. 4,
P < 0.01). Collectively, these results confirmed the
activation of inflammatory cells in tendon tissue sam-
ples obtained from failed ACLR cases. Moreover, our
analysis further identified a probable role of M1 cells
in the pathological inflammatory process resulting in
ACLR failure.

Between-Group Differences in Inflammation- and
Tendon-Related Gene Expression

The relative increase in inflammation-related gene
expression, including TNF-α, IL-6, and IL-8, in tissue
samples from the graft loosening group, compared to the
control group, is shown in Fig. 5a (P < 0.01). Gene

Fig. 2. Representative HE staining photos of reconstructed graft tissues for the control and the graft loosening groups, visualized under the optical micro-
scope at 100× magnification (scale bar = 100 μm) and 200× magnification (scale bar = 50 μm).
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expression for TLR2 and TLR4 was also increased in the
graft loosening group compared to the control group
(P < 0.01; Fig. 5a). As expected, this increase in
inflammation-related gene expression was associated with
inhibition in the expression of VEGF and tendon-related
genes in the graft loosening group, compared to the control
group (P < 0.01; Fig. 5b). Moreover, Kneelax function
scores had a significant negative correlation with the gene
expression of inflammatory cytokines and TLRs and a
significant positive correlation with tendon-related and
VEGF gene expression (P < 0.05; Table 3).

Between-Group Differences in Inflammation- and
Tendon-Related Protein Expression

Overexpression of inflammatory proteins was also
identified by Western blotting, including TNF-α, IL-6,
IL-8, TLR2, and TLR4 proteins. This overexpression was
associated with an inhibition in the expression of VEGF
and tendon-related proteins (Fig. 6a). Gray intensity anal-
ysis of protein bands confirmed the significance of these
between-group differences in protein expression (P < 0.01;
Fig. 6b, c). Likewise, a negative significant correlation

Fig. 3. Representative photos of immunohistochemical staining of reconstructed graft tissues with target-specific antibodies for the control and the graft
loosening groups, visualized under the optical microscope at 250× magnification (scale bar = 50 μm).
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between knee function scores and the gene expression of
inflammatory cytokines and TLRs was identified, with
scores being positively correlated to tendon-related and
VEGF gene expression (P < 0.05; Table 4).

DISCUSSION

ACLR, using tendon autografts or allografts, is
the most effective treatment for ACL rupture. Howev-
er, loosening of the graft caused by poor tendon-bone
healing is a significant concern, resulting in ACLR
failure and the need for revision surgery. Several stud-
ies have purported biological factors to play an impor-
tant role in ACLR failure, with evidence of a signifi-
cant association between increased inflammation and
an increased aggregation of macrophages on the graft,
based on second-look arthroscopy and tendon tissue
biopsy analysis. However, remarkably, surgical tech-
nique and biomechanical environment equally play
pivotal roles in ACLR failure. The altered biomechan-
ical environment, such as graft-tunnel micromotion,
stress deprivation etc., can also affect the biologic

events in the grafts [21, 22]. Although these abiotic
factors are hard to avoid with ACLR, individual dif-
ferences of the biomechanical environment and surgi-
cal technique were controlled to the greatest extent
possible in our study, with all repairs performed using
the same surgical procedure by a single experienced
doctor.

To date, a universally applied gold standard for
the diagnosis of ACLR failure has not been provided.
Barrett et al. defined ACLR failure as an absence of an
end-point on the Lachman test, combined with a pos-
itive pivot shift and a >5-mm side-to-side difference in
anterior tibial translation measured using a KT-1000
arthrometer [23]. Kamath et al. further included sub-
jective sensation of recurrent knee instability in their
definition of ACLR failure [24]. In our study, we
defined ACLR failure based on the criteria of Noyes
and Barber-Westin [16], which combines both objec-
tive and subjective measures. Specifically, we
subclassified our patients for analysis based on pres-
ence of anterior translation of the tibia, measured using
pivot shift test, Kneelax and Lysholm score, self-
reported sensation of knee joint laxity and knee-
related limitations in activities and participation. This

Fig. 4. Results of immunohistochemical scoring. **P < 0.01 between groups.

Fig. 5. Between-group differences in mRNA expression levels normalized against the normal graft group as 1.0. a The between-group fold-difference in
gene expression levels of inflammatory cytokines (TNF-α, IL-6, and IL-8) and related signaling receptors (TLR-2 and TLR-4). b The between-group fold-
difference in gene expression levels of collagen I, collagen III, VEGF, and TGF-β1. **P < 0.01 between groups.
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combination of objective and subjective measures pro-
vided us with relatively specific and comprehensive
criteria of ACLR failure.

Poor graft healing has been considered as a principal
cause of non-traumatic ACLR failure. Graft healing is a
slow biological process that includes both graft remodel-
ing, with intra-tunnel tendon-bone incorporation, and intra-
articular graft ligamentization. The effects of biological
factors, especially inflammation, on tendon-bone healing
have been at the forefront of research on ACLR failure in
recent years, with possible benefits of controlling inflam-
mation, through transformed growth factor-beta (TGF-β),
mesenchymal stem cells, osteogenic factors, and other
modalities reducing local inflammation, having been pro-
posed to promote graft healing post-ACLR [25].

Once macrophages recruited from circulating blood
monocytes are activated, they release pro-inflammatory
cytokines, such as TNF-α and IL-1, 6, and 8, which
initiates an inflammatory response that disrupts formation

of a normal tendon-bone structure. Moreover, the accumu-
lation of these cytokines around a graft has been associated
with dysfunction of collagen formation, as well as dena-
turation and poor revascularization of grafts. In our study,
we used four indices of ligament remodeling, maturation,
and formation after ACLR, namely COL3A1, COL1A1
VEGF, and TGF-β1, to explore the role of biological
responses on tendon-tissue mRNA and protein expression
in situ. As we had expected a priori, we identified a
significant decrease in the expression of collagen I and III
in tendon tissue samples obtained from ACLR failure
cases, with an associated increase in mRNA and protein
expression of TNF-α and ILs. In addition, the TLR 2 and 4
signaling pathways, which are related to the activation of
macrophages and facilitation of inflammatory events, were
invoked. Thus, our findings provide evidence of an asso-
ciation between poor graft health and an enhanced inflam-
matory and macrophage response. For these reasons, the
expression level of VEGF, a reliable biomarker of tissue

Table 3. Correlation results between relative gene expression levels and the Kneelax function score

TNF-α IL-6 IL-8 TLR2 TLR4 COL1 COL3 VEGFA TGFβ1

Spearman’s
R value

qPCR toKneelax
score

Coefficient −0.606 −0.806 −0.487 −0.768 −0.455 0.599 0.469 0.654 0.585
P value 0.004 0.000 0.025 0.000 0.038 0.004 0.032 0.001 0.005
N 21 21 21 21 21 21 21 21 21

Fig. 6. Between-group differences in protein expression levels: a the bands of target proteins and b, c the gray intensity analysis of target proteins relative to
GAPDH. The protein expression levels are normalized against the normal graft group as 1.0. **P < 0.01 between-groups.
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healing, was inhibited, a finding which was consistent with
Yoshikawa et al. report [26]. The decrease in VEGF expres-
sion could impair revascularization of the graft, reducing
oxygen supply to cells, limiting the production of growth
factors, and inhibiting cell proliferation which, ultimately,
would disrupt ligamentization and tissue viability of the graft.
Moreover, evidence of a benefit of exogenously applied TGF-
β to enhance tissue healing, extracellular matrix synthesis,
and remodeling of grafts has previously been reported [27–
29]. Likewise, the expression of TGF-β was significantly
downregulated among patients who experienced a loosening
of their ACL graft loosening. Remarkably, the statistical
correlation between all above-mentioned biological factors
and knee function scores was significant. Therefore, we ini-
tially speculated that graft loosening resulted from poor graft
viability related to the inflammatory microenvironment
around the graft, involving cytokines and macrophages.

As we have known, macrophages are indispensable
cells in the process of inflammation and immune defense. In
fact, according to their specific roles, polarized macrophages
are broadly divided into two main types, classically activated
M1 macrophages, and alternatively activated M2 macro-
phages. It is universally accepted that polarization of M1
macrophages is related to tissue destruction and inflamma-
tion, while M2 macrophages are active in angiogenesis, anti-
inflammation, and wound repair [30, 31]. Moreover, inflam-
matory stimuli, such as LPS and IFN γ, can activate M1
macrophages, while M2 polarized macrophages have oppo-
site functions, such as clearing inflammation and reducing
secretion of proinflammatory cytokines [32, 33]. Thus, acti-
vation of macrophages can lead either to tissue degeneration
and destruction, or to tissue regeneration and wound healing.
In this study, a significant correlation between macrophages
and aseptic inflammation of grafts in patients has been con-
firmed. More importantly, regarding the role of macrophages
in patients who experienced a loosening of the graft after
ACLR surgery, we identified a probable role of M1 but not
M2 macrophages in the pathological process leading to graft
loosening by using immunohistochemical staining with anti-
bodies of macrophage-specific CD68, M2 macrophage-
specific CD206, and M1 macrophage-specific iNOS. How-
ever, considering the limitations of our small study group and

the bias of single center studies, future studies are needed to
confirm our results. Moreover, in fact, there is no way to
know whether the histologic changes described in this study
are cause or effect, because it is also possible that macrophage
accumulation occurs subsequent to the failure of the graft, as a
result of certain factors such as the altered mechanical envi-
ronment due to recurrent knee instability. Thus, our further
research is required to identify possible biological or mechan-
ical factors related to the surgery and to patients, which could
trigger the activation of M1 macrophages in graft tissues, as
well as to clearly define the inflammation-related signaling
pathways. Ultimately, our aim is to identify effective preven-
tion strategies to prevent loosening of the graft after ACLR.

CONCLUSIONS

Combining histological and molecular analyses, we
identified a clear correlation between inflammation, M1
macrophage infiltration, and poor graft tissue viability.
TLR-2/4 expressed on the surface of macrophages might
regulate the local microenvironment that results in poor
tendon-bone healing. These findings could help us to better
understand biological factors of graft loosening and provide
a reference for potential targets of prevention and treatment.
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