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Background: Infrapatellar fat pad (IFP) fibrosis is reportedly associated with anterior knee pain and the progression of patello-
femoral osteoarthritis after anterior cruciate ligament reconstruction (ACLR). However, causes of IFP fibrosis after ACLR have not
been sufficiently investigated.

Purpose: To compare the descriptive characteristics, clinical outcomes, and inflammatory cytokine levels in the synovial fluid
between patients who underwent ACLR with versus without severe IFP fibrosis.

Study Design: Cohort study; Level of evidence, 3.

Methods: Patients who underwent primary ACLR using autologous hamstring tendon were divided into 2 groups based on
magnetic resonance imaging IFP fibrosis scoring (grades 0-5) at 3 months after surgery: the severe fibrosis group (grades 4 and 5)
and mild fibrosis group (grades 0-3). Synovial fluid was aspirated on postoperative day 3 or 4 to measure inflammatory cytokine
levels. Patient characteristics, clinical outcomes at 3 and 12 months after surgery, and inflammatory cytokine (interleukin [IL]-1b,
IL-2, IL-6, IL-8, IL-10, tumor necrosis factor–a, and interferon-g) levels were compared between the groups.

Results: Of the 36 patients included, 7 were allocated to the severe fibrosis group and 29 were allocated to the mild fibrosis group.
The severe fibrosis group had a significantly longer operation time (153.0 vs 116.5 minutes for mild fibrosis; P ¼ .007). Compared
with the mild fibrosis group, the severe fibrosis group had greater pain during stair climbing (2.0 vs 0.7; P ¼ .01) and a lower
extension muscle strength ratio (operated/healthy side, 52.9% vs 76.1%; P < .001) at 3 months, and the severe fibrosis group had
a lower Lysholm score (93.7 vs 97.3; P ¼ .026) and greater knee extension (0.3� vs 1.9�; P ¼ .043) and flexion angle restriction
(142.9� vs 149.0�; P ¼ .013) at 12 months. The severe fibrosis group demonstrated higher IL-1b (2.6 vs 1.4 pg/mL; P ¼ .022), IL-6
(2.0 vs 1.1 ng/mL; P ¼ .029), and interferon-g levels (11.3 vs 4.0 pg/mL; P ¼ .044).

Conclusion: Severe IFP fibrosis was associated with a longer operation time, higher inflammatory cytokine level in the synovial
fluid, and worse clinical outcomes at 3 and 12 months after ACLR.

Keywords: fibrosis; infrapatellar fat pad; anterior cruciate ligament reconstruction; magnetic resonance imaging; inflammatory
cytokines

Complications after anterior cruciate ligament (ACL)
reconstruction (ACLR) include intra-articular fibrosis lead-
ing to residual pain and delayed functional recovery.8 The
infrapatellar fat pad (IFP) is a somatic fat tissue structure
located between the patellar tendon and intra-articular
space. It is extrasynovial; however, it is located in the

intracapsular region of the knee joint.9 It has proximal
extensions that wrap around the patella. Furthermore, it
is a dynamic and mobile structure that deforms during
knee motion.27,41

Functions of IFP include lubrication of joints,29

abruption of loading, mechanoreceptor/proprioceptor,28

and vascular supply of the patella.36 Additionally, IFP
plays a central nociceptive role and contains abundant
substance P nerves. It has been suggested that IFP can
be a source of pain.3,5,7
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Anterior knee pain after ACLR leads to delayed muscle
recovery and poor clinical outcomes.35 Among the reasons
for anterior knee pain, pathologies of IFP, such as Hoffa
disease (IFP impingement) or inflammation, play an impor-
tant role.9,15 IFP fibrosis has been associated with anterior
knee pain after ACLR.32 In animal studies, knee arthritis
induced by intra-articular injection of monosodium iodoa-
cetate (MIA) caused joint inflammation. This was followed
by extensive fibrotic changes in the IFP, which possibly
played a crucial role in prolonged pain development in the
knee joint.16,18 In addition, chronic IFP fibrosis leads to
residual pain,37 whereas antifibrotic treatment decreased
IFP fibrosis and alleviated persistent pain in a rat arthritis
model induced by MIA.2 Accordingly, IFP fibrosis may
result in unfavorable clinical outcomes.

The elevation of several cytokines has been found in the
synovial fluid after ACL injury. The concentration of inflam-
matory cytokines, such as interleukin (IL)–6 and IL-8, was
elevated during the early (between 0 and 48 hours after
injury)4 and late (>3 months after injury) phases of ACL
injury.1 Higher IL-1b and tumor necrosis factor (TNF)–a
levels are associated with chondral damage at the time of
ACLR.30 Moreover, inflammatory cytokines are negatively
associated with functional recovery after ACLR.19 In fact, a
recent study demonstrated that the degree of IFP synovitis,
which was evaluated based on magnetic resonance imaging
(MRI),38 was correlated with several inflammatory cytokines
including IL-6 and interferon (IFN)–g in patients with an
ACL injury.14 However, the relationship between the eleva-
tion of inflammatory cytokines and IFP fibrosis in patients
who had an ACLR has not been elucidated.

In this study, we aimed to (1) compare the clinical out-
comes of ACLR between patients with or without IFP fibro-
sis and (2) investigate the association between IFP fibrosis
and inflammatory cytokine levels in the synovial fluid in
patients after ACLR. Our hypotheses were that patients
with IFP fibrosis would show delayed muscle strength
recovery and greater pain and that there would be several
inflammatory cytokines associated with IFP fibrosis.

METHODS

Participants

Patients who underwent primary double-bundle ACLR
with an autologous semitendinosus tendon between 2012
and 2014 and who agreed to participate in the study were
included. Patients with revision ACLR, multiple ligament
reconstruction, bone–patellar tendon–bone graft use, prior

injuries, or surgeries in the contralateral knee; aged >40 or
<15 years; and lost to follow-up before 1 year were
excluded. Based on the study inclusion and exclusion crite-
ria, 36 patients were enrolled.

The study protocol was approved by the ethics committee
at our institution. All data were collected in a prospective
manner, and all patients included in this study gave their
full written informed consent for participation in this study
before ACLR.

Surgical Procedures

The procedures were performed by 1 of 2 attending sur-
geons (T.N. and H.Ko) or under their supervision. First,
standard arthroscopy was undertaken through anterolat-
eral and anteromedial portals to confirm the ruptured ACL
and to evaluate the status of the menisci and articular car-
tilage. The mucosal ligament was removed before perform-
ing the meniscal surgery and ACLR. The fat pad and
synovial membrane around the portals were removed as
minimally as possible and only to obtain the clear visual
field. If meniscal injury was identified, it was repaired if
appropriate. Basically, tears in the posterior, middle, and
anterior parts of the meniscus were repaired using the all-
inside, inside-out, and outside-in techniques, respectively.
Longitudinal tears including bucket-handle tears were gen-
erally repaired with vertical mattress sutures. Radial tears
were mostly repaired with tie-grip sutures: the vertical
sutures were first positioned near both edges of the tear
site, and then 2 or 3 horizontal mattress sutures were
placed perpendicular to and over the vertical sutures and
the tear site. These sutures were tied over the joint capsule.
Most of the lateral posterior root tears were repaired using
a pullout technique. Centralization of the meniscus was
added if extrusion of the lateral meniscus (LM) was con-
firmed by pushing the midbody of the meniscus out of the
lateral tibial plateau using a probe.22

ACLR was performed using a remnant-preserved ana-
tomic double-bundle technique using the semitendinosus
tendon as described previously.31 Namely, the anterome-
dial and posterolateral bundles were created using the
autologous semitendinosus tendon, which was cut into
halves and folded to create 2 double-stranded bundles. Both
femoral and tibial tunnels were created at the anatomic
position of the insertion sites of each bundle.34 The femoral
sides of both grafts were fixed with the EndoButton CL
(Smith & Nephew) and were then fixed to an anchor staple
(Meira Corp) with sutures at the tibial site, at 20� of knee
flexion with the applied initial tension adjusted to be equal
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per cross-sectional area on a basis of 25 N for a graft diam-
eter of 6 mm.23

Postoperative Management

The postoperative rehabilitation protocol was the same for
all patients, except that weightbearing at >90� of flexion
was prohibited in patients with meniscal repair until
3 months after surgery. From the day after the surgery,
range of motion exercises were initiated, and walking exer-
cises with a knee immobilizer and crutches was permitted.
Crutches were used for 4 weeks. Patients who recovered
>65% of muscle strength compared with the healthy side
began running at 3 months after surgery. Patients who
recovered >90% muscle strength were permitted full ath-
letic activities at 6 months after surgery.

Clinical Evaluation

Clinical evaluations were performed preoperatively and at
3 and 12 months postoperatively. The Lysholm knee score
was used to evaluate the general knee condition, and the
Tegner scale was used to assess preinjury sports activity.43

Subjective evaluation of patient satisfaction and sports per-
formance was assessed on a scale from 0 to 100 (highest).
Pain during walking and stair climbing was assessed on a
numeric rating scale (NRS) from 0 to 10 (worst pain). Knee
extension, measured in 1� increments, and flexion, mea-
sured in 5� increments, were assessed using a goniometer.
When the knee extension angle was measured, the leg was
passively raised in a supine position to maintain the knee in
full extension, and the maximum extension strength
(in kg�m) was measured in both knees using a Cybex
machine (Lumex; accuracy up to 1 decimal place) at
60 deg/s. Extension strength was also recorded as a per-
centage of the unoperated knee. The test-retest reliability
(standard error of measurement) of maximum knee exten-
sion strength using a Cybex machine ranged from 4.0% to
5.3% for maximum strength and 3.2% to 6.5% for ratio
(right:left of the maximum knee extension strength).17

Finally, physical activity at 3 months postoperatively was
evaluated using a 4-point scoring system: 1 ¼ hard to walk,
2 ¼ walking, 3 ¼ climbing stairs, and 4 ¼ jogging.19

MRI Evaluation

MRI was performed with the patient in a nonweightbearing
supine position before and at 3 months after surgery using
either a 1.5-T or 3.0-T MRI scanner. Proton density–
weighted images in the sagittal plane at the slice of the
reconstructed ACL were used. IFP fibrosis on MRI was clas-
sified into 6 grades based on fibrosis pattern: grade 0¼ none;
grade 1 ¼ focal fibrosis; grade 2 ¼ incomplete band fibrosis
(no connection between the lower pole of the patella and the
tibial plateau); grade 3 ¼ complete band fibrosis (connection
between the lower pole of the patella and the tibial plateau);
grade 4 ¼ infiltrated fibrosis; and grade 5 ¼ diffuse and
infiltrated fibrosis (occupying >75% area) (Figure 1). This
grading system was developed by modifying the classifica-
tion system of Yoon et al.47 The patients were divided into 2

groups according to the IFP fibrosis grade: the severe fibrosis
group (grades 4 and 5) and the mild fibrosis group (grades 0-
3). Two independent investigators (M.S. and R.Y.) who were
blinded to the patient characteristics, clinical outcomes, and
cytokine data determined the IFP fibrosis grade. The inter-
observer reliability between these 2 investigators was 0.817,
which indicated almost perfect agreement according to the
Landis and Koch25 criteria.

Cytokine Measurement and Blood Testing

Synovial fluid was aspirated 3 or 4 days after surgery and
was stored at –80�C until measurement. Inflammatory
cytokine levels in the synovial fluid were measured using
a multiplex enzyme-linked immunosorbent assay system
(V-PLEX human proinflammatory panel; Meso Scale Dis-
covery) and MESO Quick Plex SQ 120 MM Reader (Meso
Scale Discovery). IL-1b, IL-2, IL-6, IL-8, IL-10, TNF-a, and
IFN-g levels were quantified according to the manufac-
turer’s protocol. Nondiluted synovial fluid was transferred
into 96-well plates and then measured.

Before surgery and at 3 or 4 days after surgery, the C-
reactive protein (CRP) level and erythrocyte sedimentation
rate (ESR) in the blood were measured.

Statistical Analysis

Statistical analyses were performed using the Stata Version
15.0 software (StataCorp). Patient background, inflamma-
tory cytokine levels in the synovial fluid, and clinical out-
comes were compared between the severe fibrosis group
and mild fibrosis group with the Mann-Whitney U test for
continuous data and the chi-square test for categorical data.
For all analyses, a P value <.05 was considered significant.

Based on a pilot study, the sample size calculation was
performed using IL-6 levels in the synovial fluid. We esti-
mated IL-6 levels of 2.0 ± 1.0 ng/mL in the severe fibrosis
group and 0.8 ± 1.0 ng/mL in the mild fibrosis group. The
ratio of group sizes was set at 1:3 for the severe fibrosis to
mild fibrosis groups. Given these values, the estimation of
the minimum sample size with an adequate power of an
alpha of .05 and a power of 0.8 was 28 patients.

The post hoc power analysis for nonparametric tests based
on our sample size (N ¼ 36) was conducted using the
G*Power 3.1 calculation software (Kiel University), which
revealed that with an alpha of .05, a power of 0.85 was
achieved for the preoperative Lysholm score. A power of
1.0 was achieved for extension muscle strength ratio; 0.83,
for knee extension angle; 0.76, for knee flexion angle; and
0.71, for NRS score of pain while stair climbing at 3 months
postoperatively. A power of 0.66 was achieved for Lysholm
score; 0.55, for knee extension angle; and 0.77, for knee flex-
ion angle at 12 months postoperatively. The power of IL-1b
was 0.35, while the power of IL-6 was 0.43.

RESULTS

Of the 36 study patients, 7 patients were allocated to the
severe fibrosis group and 29 patients to the mild fibrosis
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group. None of the patients had a reinjury within 12 months
after surgery.

Patient Characteristics and Preoperative Clinical
Findings

Table 1 shows the preoperative characteristics of the
patients. There was no significant difference between the
severe fibrosis and mild fibrosis groups except for operation
time (P ¼ .007). In terms of concomitant procedures with
ACLR, repair of the medial meniscus (MM) was performed
in 4 patients in the severe fibrosis group and in 9 patients in
the mild fibrosis group, whereas repair of the LM was per-
formed in 2 and 10 patients, respectively. LM partial
meniscectomy was performed in 1 patient in the mild fibro-
sis group. No additional procedure for cartilage injuries
was performed. Table 2 shows the clinical findings before
surgery. There was no significant difference between the
2 groups except for the Lysholm score (P ¼ .045).

Clinical Outcomes

The clinical outcomes at 3 months postoperatively are
described in Table 3. The patient satisfaction and physical

activity score in the severe fibrosis group were lower than
those in the mild fibrosis group (P¼ .014, and 0.003, respec-
tively). The NRS score for pain during stair climbing was
higher in the severe fibrosis group than in the mild fibrosis
group (P ¼ .01). Patients in the severe fibrosis group had
greater extension and flexion angle restriction (P ¼ .003
and .026, respectively) and lower knee extension muscle
strength ratio (P< .001) compared with patients in the mild
fibrosis group.

Clinical outcomes at 12 months after surgery are
described in Table 4. The Lysholm score in the severe fibro-
sis group was lower than that in the mild fibrosis group
(P ¼ .026). Patients in the severe fibrosis group had greater
extension and flexion angle restriction than those in the
mild fibrosis group (P ¼ .043 and .013, respectively), while
the significant between-group difference in knee extensor
muscle strength at 3 months postoperatively became non-
significant at 12 months.

Inflammatory Cytokines and Blood Test Results

The inflammatory cytokine levels in the synovial fluid at
3 or 4 days after surgery are shown in Table 5. The severe
fibrosis group demonstrated statistically higher levels of

Figure 1. Proton density–weighted sagittal magnetic resonance imaging scans showing infrapatellar fat pad fibrosis classifica-
tions: grade 0, none; grade 1, focal fibrosis; grade 2, incomplete band fibrosis; grade 3, complete band fibrosis; grade 4, infiltrated
fibrosis; and grade 5, diffuse and infiltrated fibrosis.
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inflammatory cytokines, particularly IL-1b, IL-6, and IFN-
g (P ¼ .022, .029, and .044, respectively).

There were no statistically significant differences
between the severe fibrosis and mild fibrosis groups in
mean CRP (0.08 ± 0.08 vs 0.08 ± 0.15 mg/dL, respectively;
P ¼ .545) or ESR (3.6 ± 3.6 vs 6.9 ± 5.8 mm/h, respectively;
P ¼ .093) before surgery or in CRP (1.7 ± 1.5 vs 2.3 ±
1.9 mg/dL, respectively; P ¼ .603) or ESR (26.0 ± 10.0 vs
31.8 ± 18.1 mm/h, respectively; P¼ .087) at 3 or 4 days after
surgery.

DISCUSSION

The most important findings of this study were that
patients with severe IFP fibrosis on MRI at 3 months after
ACLR had significantly longer operation times, greater
pain, and slower recovery of range of motion and extensor
muscle strength at 3 months postoperatively and worse
range of motion and Lysholm scores at 12 months postop-
eratively versus patients with mild IFP fibrosis. Inflamma-
tory cytokine levels in the synovial fluid at 3 or 4 days
postoperatively were significantly higher in the severe
fibrosis group than in the mild fibrosis group.

IFP has a high sensitivity to mechanical stimulation
and a large number of sensory neuron fiber endings.7

Murakami et al32 demonstrated an association between
IFP fibrosis and knee pain or stiffness in squatting after
quantitative analysis of IFP fibrosis in patients after
ACLR. In the current study, patients with severe IFP fibro-
sis experienced greater pain than those with mild IFP fibro-
sis during stair climbing but not while walking on flat
ground. We did not evaluate the location of knee pain; how-
ever, in general, anterior knee pain is more relevant with
stair climbing than during walking.

Tang et al42 observed IFP fibrosis (scarring) on MRI at
various time points after ACLR. They reported that it
occurred within 6 months, peaked, and disappeared

TABLE 2
Comparison of Preoperative Clinical Findingsa

Severe
Fibrosis
(n ¼ 7)

Mild
Fibrosis
(n ¼ 29) P

IFP fibrosis grade 0.6 ± 0.8 0.5 ± 0.5 .942
Lysholm score 87.2 ± 7.8 75.6 ± 13.5 .045
Patient satisfaction 43.3 ± 20.7 45.9 ± 27.9 .829
NRS pain: walking 0.4 ± 0.8 1.4 ± 1.7 .058
NRS pain: stair climbing 1.0 ± 1.2 2.5 ± 2.3 .087
Knee extension angle, deg 1.1 ± 1.1 2.1 ± 2.2 .176
Knee flexion angle, deg 147.9 ± 2.7 146.3 ± 6.4 .495
Extension muscle strength

Operated side, kg�m 9.5 ± 4.0 11.4 ± 4.5 .368
Healthy side, kg�m 13.0 ± 6.2 14.4 ± 5.2 .500
Ratio, operated/healthy side,
%

75.4 ± 10.7 80.3 ± 17.1 .368

aData are reported as mean ± SD. Bolded P value indicates a
statistically significant difference between groups (P < .05). IFP,
infrapatellar fat pad; NRS, numeric rating scale.

TABLE 3
Comparison of 3-Month Postoperative Clinical Outcomesa

Severe
Fibrosis
(n ¼ 7)

Mild
Fibrosis
(n ¼ 29) P

IFP fibrosis grade 4.1 ± 0.4 2.0 ± 1.0 < .001
Patient satisfaction 48.6 ± 18.6 66.7 ± 15.2 .014
NRS pain: walking 0.7 ± 0.8 0.5 ± 0.8 .302
NRS pain: stair climbing 2.0 ± 1.3 0.7 ± 0.9 .010
Knee extension angle, deg –1.0 ± 2.1 1.4 ± 1.3 .003
Knee flexion angle, deg 140.0 ± 5.0 146.0 ± 6.6 .026
Extension muscle strength

Operated side, kg�m 7.3 ± 3.2 10.0 ± 3.5 .047
Healthy side, kg�m 13.7 ± 5.0 13.2 ± 3.6 .944
Ratio, operated/healthy
side, %

52.9 ± 7.5 76.1 ± 14.6 < .001

Physical activity score 2.6 ± 0.5 3.6 ± 0.7 .003

aData are reported as mean ± SD. Bolded P values indicate a
statistically significant difference between groups (P < .05).
IFP, infrapatellar fat pad; NRS, numeric rating scale.

TABLE 1
Comparison of Patient Characteristicsa

Severe
Fibrosis
(n ¼ 7)

Mild
Fibrosis
(n ¼ 29) P

Age, y 22.9 ± 7.1 21.7 ± 6.7 .446
Sex .271

Male 5 (71.4) 14 (48.3)
Female 2 (28.6) 15 (51.7)

Height, cm 166.4 ± 7.2 167.1 ± 6.9 .984
Body weight, kg 62.9 ± 8 65.0 ± 11.5 .794
BMI 22.7 ± 2.7 23.3 ± 3.5 .617
Tegner activity score 7.1 ± 0.7 6.9 ± 0.8 .400
Side affected .797

Right 4 (57.1) 15 (48.3)
Left 3 (42.9) 14 (48.3)

Time from injury to surgery, d 74.7 ± 40.0 115.8 ± 68.5 .299
Preoperative IFP fibrosis

grade
0.6 ± 0.8 0.5 ± 0.5 .942

Operation time, min 153.0 ± 16.3 116.5 ± 44.2 .007
Tourniquet .081

Yes 3 (42.9) 4 (13.8)
No 4 (57.1) 25 (86.2)

Harvest of gracilis tendon .261
Present 1 (14.3) 1 (3.4)
Absent 6 (85.7) 28 (96.6)

Meniscal injury .925
Present 4 (57.1) 16 (55.2)
Absent 3 (42.9) 13 (44.8)

Cartilage injury .973
Present 1 (14.3) 4 (13.8)
Absent 6 (85.7) 25 (86.2)

aData are reported as mean ± SD or n (%). Bolded P value
indicates a statistically significant difference between groups
(P < .05). BMI, body mass index; IFP, infrapatellar fat pad.
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thereafter in half of the cases within 1 year after surgery.
Therefore, we considered that it was desirable to perform
MRI within 6 months. In this study, we selected 3 months
as the time point of MRI evaluation; however, MRI evalu-
ation at a later point may be useful. Yoon et al47 reported
that there was an association between IFP fibrosis and
patellofemoral osteoarthritis progression as assessed by
MRI at a mean of 28.7 months (range, 7-111 months) post-
operatively. In their study, severe IFP fibrosis was found in
<10% of patients (7/107), which was lower than the finding
in the present study (7/36; 19%). However, there were fewer
patients with long-term residual IFP fibrosis in the Yoon
et al study. It would be interesting to examine the differ-
ence in clinical outcomes between patients with severe
fibrosis persisting for a long period and those with improve-
ment in a short period.

Ueda et al45 found after logistic regression analysis that
older age, female sex, preoperative extension muscle
strength, and pain were risk factors for delayed extension
muscle recovery at 6 months after ACLR with hamstring
tendon. However, other studies have indicated that

anterior knee pain might result in a delayed recovery of
muscle strength after ACLR.11,35 Based on the results of
the present study, greater knee pain associated with IFP
fibrosis may have led to poor muscle recovery and delayed
functional recovery in the early phase of ACLR (3 months
postoperatively), and even though knee extensor muscle
strength recovers over time, its adverse effect on knee func-
tion lasts for a longer period.

According to LaPrade et al,26 ACLR with MM repair led
to worse short-term patient-reported outcomes. Although
the number of patients who underwent MM repair was not
significant between the 2 groups in the current study, there
is a possibility that intra-articular procedures such as MM
repair during ACLR might have affected the results. In this
study, 13 of 36 patients underwent MM repair, and no dif-
ferences were observed in the clinical outcomes at 3 or
12 months postoperatively between patients with and with-
out MM repair (Appendix Table A1). Further studies are
needed to examine the relationship between IFP fibrosis
and various factors that affect clinical outcomes of ACLR.

An association between arthrofibrosis, global scarring of
the joint soft tissues, and acute ACLR has been reported.6,39

In terms of IFP fibrosis, although the time from injury to
surgery was not significantly different between the 2 groups
in the current study, the timing of surgery in the severe
fibrosis group tended to be earlier than that in the mild
fibrosis group. Further studies with a larger sample size
are needed to clarify if ACLR in an acute phase is associated
with IFP fibrosis.

The preoperative IFP fibrosis grade was not different
between the 2 study groups, and only low-grade fibrosis
was detected. The ACL injury itself did not cause signifi-
cant IFP fibrosis among the 36 study patients; moreover,
the preoperative Lysholm score was better in the severe
fibrosis group than in the mild fibrosis group. The IFP fibro-
sis, therefore, seems directly related to the surgery rather
than the preoperative condition. It could have resulted from

TABLE 4
Comparison of 12-Month Postoperative Clinical Outcomesa

Severe Fibrosis
(n ¼ 7)

Mild Fibrosis
(n ¼ 29) P

Lysholm score 93.7 ± 3.6 97.3 ± 3.6 .026
Patient satisfaction 87.1 ± 8.1 92.4 ± 6.0 .067
Sports performance evaluation 89.3 ± 12.4 91.9 ± 8.4 .763
NRS pain: walking 0.0 ± 0.0 0.1 ± 0.3 .472
NRS pain: stair climbing 0.7 ± 1.2 0.2 ± 0.4 .330
Knee extension angle, deg 0.3 ± 1.8 1.9 ± 1.9 .043
Knee flexion angle, deg 142.9 ± 4.9 149.0 ± 6.9 .013
Extension muscle strength

Operated side, kg�m 11.7 ± 5.0 13.5 ± 5.3 .419
Healthy side, kg�m 13.5 ± 5.3 14.5 ± 5.3 .726
Ratio, operated/healthy side, % 86.8 ± 11.7 93.5 ± 15.7 .419

Returned to preoperative sports level .211
Yes 5 (71.4) 26 (89.7)
No 2 (28.6) 3 (10.3)

aData are reported as mean ± SD or n (%). Bolded P values indicate a statistically significant difference between groups (P < .05).
NRS, numeric rating scale.

TABLE 5
Inflammatory Cytokinesa

Severe Fibrosis
(n ¼ 7)

Mild Fibrosis
(n ¼ 29) P

IL-1b, pg/mL 2.6 ± 1.8 1.4 ± 1.9 .022
IL-2, pg/mL 1.2 ± 1.3 0.4 ± 0.8 .082
IL-6, ng/mL 2.0 ± 1.2 1.1 ± 1.2 .029
IL-8, ng/mL 4.2 ± 3.3 1.7 ± 2.1 .302
IL-10, pg/mL 1.6 ± 1.0 1.1 ± 1.6 .106
TNF-a, pg/mL 3.8 ± 4.9 2.4 ± 2.3 .348
IFN-g, pg/mL 11.3 ± 11.7 4.0 ± 5.0 .044

aData are reported as mean ± SD. Bolded P values indicate a
statistically significant difference between groups (P < .05).
IFN, interferon; IL, interleukin; TNF, tumor necrosis factor.
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direct IFP trauma or a longer operation time, which could
be associated with a greater inflammatory response second-
ary to a bigger surgical trauma.

Synovial fluid in the acute phase after ACLR includes
blood from the bone marrow associated with the creation
of a bone tunnel. Bone marrow–derived blood contains stem
cells and growth factors that promote biological healing.
The failure rate of meniscal repair during ACLR is lower
than that of isolated meniscal repair.46 A systematic review
of biomarkers in patients with ACLR showed higher
inflammatory cytokine levels in the synovial fluid after sur-
gery than before, while inflammatory cytokine levels in the
serum did not change.12 Hayward et al13 compared synovial
fluid before and at 1 and 6 hours after surgery and found
that monocyte-derived IL-1 and IL-6 were elevated and
T cell–derived IL-2 was mildly elevated. They also demon-
strated that growth factors such as transforming growth
factor (TGF)–b and platelet-derived growth factor (PDGF)
increased 6 hours after surgery.

Growth factors such as TGF-b may be essential for IFP
fibrosis, as TGF-b was shown to be upregulated in the
IFP at 2 weeks after ACLR in a sheep model.40 It has also
been reported through immunohistochemical analysis
that expression of the fibrogenic cytokines TGF-b and
PDGF was found in fibrotic sites of IFP in patients with
ACLR.33

Katagiri et al21 compared synovial fluid before surgery
and at 4 and 21 days after surgery and reported more gran-
ulocytes and fewer T cells at 4 days than at 21 days. In the
current study, the synovial fluid in the severe fibrosis group
contained higher inflammatory cytokine levels, suggesting
that intra-articular inflammation in the acute phase indi-
cates the onset of IFP fibrosis after ACLR.

It has been shown that in early osteoarthritic knee joints,
the mediators involved in the inflammatory process of the
joints also affect the development of structural changes in
the IFP, characterized by an increase in the infiltration of
inflammatory cells, new vascular formation, and fibrotic
change at both cellular and histological levels.20 Synovial
tissues around the knee, particularly the IFP, produce and
store inflammatory cytokines.40,44 Furthermore, immune
cells can be locally activated by tissue damage to secrete
inflammatory cytokines, particularly TNF-a and IL-6.20

IL-1b is an important mediator of fibrosis by influencing
the migration of cells, adhesion, matrix metalloproteinase
production, and the expression of immunomodulatory
genes.10 IL-1b has been reported to strongly induce TGF-b
and PDGF, leading to the development of lung fibrosis after
injury or infection.24 In this study, IL-1b and IL-6 levels
were significantly more elevated in the severe fibrosis
group than the mild fibrosis group. These findings, in con-
junction with those from previous studies, indicate that
these 2 cytokines may be involved in the formation of IFP
fibrosis and may be predictors of short-term clinical out-
comes after ACLR.

Limitations

There are some limitations to this study. First, the number
of patients was too small to draw any robust conclusions.

Several outcomes, even those exhibiting statistical signifi-
cance, were of low power. Further studies with a larger
number of cases are necessary to validate the results
obtained here. Second, MRI evaluation for IFP fibrosis was
only conducted at a single time point 3 months after sur-
gery. Third, the cytokine measurement was also performed
at only 1 time point, which was 3 or 4 days after the sur-
gery. These data obtained at preoperative or longer time
points postoperatively could add further information.
Fourth, this study assessed inflammatory cytokines alone.
A more comprehensive measurement of cytokines would be
necessary to elucidate the mechanisms of IFP fibrosis
after ACLR.

CONCLUSION

Severe IFP fibrosis was associated with longer operation
time, higher inflammatory cytokine levels in the synovial
fluid, and unfavorable clinical outcomes at 3 and 12 months
after ACLR. Inflammatory cytokines in the synovial fluid,
such as IL-1b, IL-6, and IFN-g, may be involved in the
development of IFP fibrosis.
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APPENDIX

TABLE A1
Comparison of 3-Month and 12-Month Postoperative Outcomes Between Patients With Versus Without MM Repaira

With MM Repair
(n ¼ 13)

Without MM Repair
(n ¼ 23) P

3 mo postoperative
Patient satisfaction 63.9 ± 22.0 62.7 ± 14.7 .604
NRS pain: walking 0.3 ± 0.5 0.7 ± 0.9 .175
NRS pain: stair climbing 0.9 ± 1.0 1.0 ± 1.2 .605
Knee extension angle, deg 0.5 ± 2.1 1.2 ± 1.5 .477
Knee flexion angle, deg 143.9 ± 2.1 145.4 ± 6.0 .666
Extension muscle strength ratio, operated/healthy side, % 72.3 ± 17.8 71.2 ± 16.1 .746

12 mo postoperative
Lysholm score 96.0 ± 4.4 96.9 ± 3.6 .453
Patient satisfaction 90.1 ± 7.7 92.1 ± 6.2 .489
Sports performance evaluation 90.9 ± 11.1 91.4 ± 8.4 .808
NRS pain: walking 0.0 ± 0.0 0.1 ± 0.4 .274
NRS pain: stair climbing 0.3 ± 0.4 0.3 ± 0.8 .805
Knee extension angle, deg 1.9 ± 2.8 1.4 ± 1.9 .834
Knee flexion angle, deg 146.6 ± 8.7 148.5 ± 6.9 .684
Extension muscle strength ratio, operated/healthy side, % 93.0 ± 15.8 91.7 ± 15.0 .719

aData are reported as mean ± SD. MM, medial meniscus; NRS, numeric rating scale.
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