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Abstract
Background: Semi-quantitative scoring of knee abnormalities on magnetic resonance imaging (MRI) can aid in
the diagnosis of early stage knee osteoarthritis (OA). Injuries to the anterior cruciate ligament (ACL) and medial
meniscus (MM) can contribute to the development of knee OA, but their relationship to its time of onset is
unknown.

Purpose: To analyze the factors contributing to early knee OA changes in ACL injured knees using MRI
Osteoarthritis Knee Score (MOAKS).

Methods: Thirty-four cases status post unilateral ACL reconstruction (ACLR) were included. Knee OA
abnormalities were evaluated using MOAKS scores of MRIs performed pre- and post-ACLR. Using multiple
linear regression analysis, the MOAKS scores of medial osteophytes, medial cartilage alteration, and
patellofemoral cartilage alteration were determined as dependent variables. Age, the presence of a meniscal
abnormality, the time from injury to ACLR, and body mass index (BMI) were determined as explanatory
variables. MOAKS differences between knees with and without medial meniscus (MM) abnormality were tested
for each variable using a 2-way repeated-measures analysis of variance with the factors of preoperative vs.
postoperative status and MM abnormality.

Results: In the pre-ACLR multiple linear regression analysis, the waiting period was signi�cantly and positively
associated with medial cartilage loss, Lateral femorotibial osteophytes, lateral cartilage loss. and BMI were
positively associated with MM abnormalities. BMI and lateral meniscus (LM) abnormality were signi�cantly
associated with lateral cartilage loss. Age was signi�cantly associated with medial osteophytes. Age and LM
abnormality were signi�cantly associated with lateral osteophytes. Age, BMI, and LM abnormality were
signi�cantly associated with patellofemoral osteophytes.

Conclusion: We found early knee OA changes in most knees a mean of 28.2 ± 52.0 months after ACL injury.
The time from injury to ACLR, BMI, and the presence of MM or LM abnormality in the ACL injured knee were
associated with early knee OA changes. In the ACL injured knee with MM involvement, prompt ACLR may
forestall the development of OA.

Introduction
Complete tear of the anterior cruciate ligament (ACL) is the commonest complete ligamentous injury of the
knee. ACL tears are associated with the development of osteoarthritis (OA), and its accompanying pain and
functional impairment.[1] ACL reconstruction (ACLR) is widely performed to restore knee biomechanics with the
goal of preventing OA. However, it is understood that knee OA progresses in the long term even after ACLR.[2]
Half of all acute ACL tears are associated with a meniscal abnormality. The risk of meniscal abnormalities
increases over time in the ACL-injured knee. Meniscal injury and subsequent resection increase the risk for
developing knee OA later in life.[3] Luyten et al de�ned early knee OA as Kellgren–Lawrence grade 0 or I or II
(osteophytes only) on standard radiography.[4] Most reports of OA changes after ACL tear are from evaluation
of plain radiographs.[2] Radiography does not detect early knee OA changes such as minimal cartilage damage
or meniscal abnormalities without telltale joint space narrowing, and may miss subtle osteophyte formation.[5]
Magnetic resonance imaging (MRI) provides more information on soft-tissue changes, including ligaments and



Page 3/17

cartilage, as well as more bone detail. Semi-quantitative scoring of MRIs of knee OA has proven to be a
valuable method for evaluation of potential factors involved in the pathophysiology of OA.[6] The MRI
Osteoarthritis Knee Score (MOAKS) is a semi-quantitative scoring tool that was developed from the Whole
Organ Magnetic Resonance Imaging Score (WORMS) and Boston Leeds Osteoarthritis Knee Score (BLOKS)
scoring tools.[6],[7],[8] MOAKS has been shown to have very good to excellent reliability.[7]

The purpose of this study was to identify the factors contributing to early knee OA changes pre- and post-ACLR
using MOAKS. We assumed that MRI would show detectable early knee OA changes, which are radiographically
occult. We also expected to �nd factors contributing to early OA in ACL injured knees and hypothesized that a
concomitant medial meniscus (MM) abnormality causes early knee OA changes even after ACLR.

Materials And Methods

Data acquisition
Case Series and Case-Control Study was conducted at Easter Chiba Medical Center. This study was approved
by the institutional review board of Eastern Chiba Medical Center (Receipt number 119) and was conducted in
accordance with the guidelines of the Declaration of Helsinki. Informed consent was obtained from all
participants. The preoperative and postoperative MR image data of 44 consecutive patients undergoing ACLR
at our hospital (Eastern Chiba Medical Center; Chiba, Japan) between June 2014 and December 2018 were
evaluated for eligibility for this study. All ACLRs were anatomical double bundle ACL reconstructions performed
with autologous ipsilateral hamstring tendons (semitendinosus and gracilis).[9] Postoperative management
included full weight bearing on postoperative day 5–12 as tolerated. No brace was used. Patients were
instructed to abstain from sports for 6 months and from sports involving a sudden change of direction when
running, e.g. soccer, American football, lacrosse, and basketball for 10 months. Ten cases were excluded from
the analysis, �ve because they had undergone additional surgical procedures (one patient, autologous
chondrocyte implantation; four patients, posterior cruciate ligament reconstruction). Two cases were excluded
because they had undergone revision ACLR, and one case was lost to followup. The remaining 34 cases were
analyzed. Preoperative MRI scans and �nal followup postoperative MRI scans were scored using MOAKS.

MRI evaluation (MRI Osteoarthritis Knee Score)
Preoperative and follow-up MRIs were performed using a 3.0 T MRI scanner (Ingenia CX, Philips Healthcare,
Best, the Netherlands) with a dedicated 16-channel knee coil. The following sequences were utilized: (1) proton
density (PD) sagittal images; repetition time/echo time [TR/TE], 2500/30 ms; �eld of view (FOV), 150 × 150
mm; matrix, 436 × 389; section thickness, 3.0 mm with 0.3 mm gap; (2) PD with spectral selective attenuated
inversion recovery (SPAIR) sagittal images; TR/TE, 2000/30 ms; FOV, 150 × 150 mm; matrix, 332 × 289; section
thickness, 3.0 mm with 0.3 mm gap; (3) PD coronal images; TR/TE, 2500/30 ms; FOV, 150 × 150 mm; matrix,
436 × 389; SL, 3.0 mm with 0.3 mm gap; (4) T1-weighted coronal images; TR/TE, 436/16 ms; FOV, 150 × 150
mm; matrix, 412 × 278; SL, 3.0 mm with 0.3 mm gap; (5) T2-weighted with SPAIR transverse images; TR/TE,
3000/70 ms; FOV, 150 × 150 mm; matrix, 356 × 278; slice thickness, 3.0 mm with 0.6 mm gap.



Page 4/17

To avoid potential bias, an independent observer, a musculoskeletal-trained orthopedist not involved in the care
of the patients, evaluated the MRI scans. On preoperative and �nal follow-up MRI, evaluation for knee OA was
performed and scored using MOAKS. In this study, the following OA features were evaluated: articular cartilage
loss, osteophyte formation, meniscal morphology, and meniscal extrusion. The knee was divided into
subregions (medial patella, lateral patella, trochlea femur, central femur, posterior femur, anterior tibia, central
tibia, posterior tibia) using grade score (0–3) according to the MOAKS methodology of Hunter et al.13 The
MOAKS scores of each subregion were integrated into three areas: the medial femorotibial joint, the lateral
femorotibial joint, and the patellofemoral joint (PFJ).

Statistical analysis
All data are presented as mean and standard deviation (SD) unless otherwise noted. Multiple linear regression
analysis was used to investigate factors associated with knee OA that were present before surgery. Each
outcome of MOAKS were determined as a dependent variable, and age, the waiting time from injury to ACLR,
body mass index (BMI), and the presence or absence of a meniscal abnormality were determined as
explanatory variables. The Spearman's rank correlation coe�cient (CC) was calculated prior to surgery in all
participants to evaluate the relation between time from ACL injury to ACLR and medial, lateral, or PFJ
osteophyte formation and cartilage loss. Correlations were considered as weak (± 0.1–0.35), moderate (± 0.36–
0.67), or strong (± 0.68–1).[10] MOAKS (medial osteophytes, medial cartilage alteration, and PFJ cartilage
alteration) score differences between knees with medial meniscus (MM) abnormalities and knees without MM
abnormalities were tested for each variable using a two-way repeated-measures analysis of variance (ANOVA)
with the factors of time (interval between injury and ACLR, interval between ACLR and �nal follow-up) and
presence or absence of MM abnormality. All statistical analyses were conducted using Statcel 4 software (OMS
Publishing Inc., Saitama, Japan). The level of signi�cance was set at P < .05..

Results
Of the 34 cases undergoing ACLR, 20 had a meniscal abnormality sixteen patients had an MM abnormality,
seven patients had a lateral meniscus (LM) abnormality. The mean age of the patients was 27.9 ± 11.5 years,
There were 15 males and 19 females. The mean BMI was 25.0 ± 3.6. The mean time from injury to ACLR was
28.2 ± 52.0 months, and the mean observation period after surgery was 20.5 ± 6.3 months. Pre- and
postoperative MRI �ndings are shown in Table 1.
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Table 1

Early OA �ndings on MRI pre ACL reconstruction
  pre-ACLR (n = 34) post-ACLR (n = 34)

MM extrusion 1 1

LM extrusion 4 5

MM morphology 13 15

LM morphology 9 11

Medial cartilage loss 7 14

Lateral cartilage loss 12 16

PF cartilage loss 4 8

Medial Osteophyte 6 11

Lateral Osteophyte 7 11

PF Osteophyte 2 4

Medial bone marrow edema 9 2

Lateral bone marrow edema 18 2

PF bone marrow edema 2 0

The numbers represent the total number of MRI �ndings.

 

The multiple linear regression analysis showed several signi�cant �ndings (Table 2).
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Table 2
Results of multiple linear regression analysis of pre-ACLR MOAKS

Variable P β 95% CI

MM extrusion      

Age 0.729 −0.060 −0.019 − 0.013

Time 0.004 0.568 0.002 − 0.009

BMI 0.116 −0.268 −0.068 − 0.008

MM injury 0.845 −0.038 −0.443 − 0.365

LM injury 0.968 −0.006 −0439 − 0.422

LM extrusion      

Age 0.217 −0.231 −0.023 − 0.005

Time 0.962 −0.009 −0.003 − 0.003

BMI 0.010 0.483 0.012 − 0.080

MM injury 0.304 −0.217 −0.551 − 0.179

LM injury 0.569 0.097 −0.279 − 0.498

MM morphology      

Age 0.293 0.103 -0.004 − 0.013

Time 0.036 0.226 0.000 − 0.004

BMI 0.025 −0.219 −0.044−(− 0.003)

MM injury 0.000 0.798 0.561 − 0.992

LM injury 0.086 0.157 −0.030 − 0.430

LM morphology      

Age 0.542 0.097 −0.09 − 0.016

Time 0.684 −0.069 −0.004 − 0.002

BMI 0.162 0.217 −0.009 − 0.051

MM injury 0.325 −0.178 −0.479 − 0.165

LM injury 0.000 0.580 0.329 − 1.014

Medial cartilage loss      

Age 0.113 0.272 −0.006 − 0.055

Time 0.007 0.517 0.003 − 0.017

BMI 0.288 −0.173 −0.111 − 0.034
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Variable P β 95% CI

MM injury 0.787 0.051 −0.671 − 0.878

LM injury 0.203 0.199 −0.300 − 1.349

Lateral cartilage loss      

Age 0.526 0.087 −0.024 − 0.046

Time 0.000 0.782 0.014 − 0.030

BMI 0.062 −0.252 −0.165 − 0.004

MM injury 0.335 −0.149 −1.333 − 0.469

LM injury 0.032 0.279 0.097 − 2.016

PF cartilage loss      

Age 0.004 0.523 0.007 − 0.033

Time 0.340 0.174 −0.002 − 0.004

BMI 0.071 -0.302 −0.060 − 0.003

MM injury 0.092 0.330 −0.050 − 0.617

LM injury 0.320 0.156 −0.179 − 0.531

Medial Osteophyte      

Age 0.048 0.343 0.000 − 0.111

Time 0.043 0.377 0.000 − 0.026

BMI 0.096 −0.275 −0.243 − 0.021

MM injury 0.294 0.201 −0.672 − 2.143

LM injury 0.064 0.294 −0.089 − 2.909

Lateral Osteophyte      

Age 0.090 0.289 -0.006 − 0.074

Time 0.015 0.457 0.003 − 0.021

BMI 0.276 −0.176 −0.147 − 0.044

MM injury 0.599 0.099 −0.753 − 1.281

LM injury 0.034 0.337 0.097 − 2.263

PF Osteophyte      

Age 0.132 0.269 −0.004 − 0.029

Time 0.171 0.259 −0.001 − 0.007

BMI 0.150 −0.246 0.069 − 0.011
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Variable P β 95% CI

MM injury 0.271 0.220 −0.192 − 0.657

LM injury 0.012 0.429 0.143 − 1.047

Dependent variables: Age, Time from injury to ACLR (Time), BMI, MM injury, LM injury.

Independent variable: Each category of MOAKS. MM/LM extrusion, MM/LM morphology,

Medial/Lateral/PF cartilage loss, Medial/Lateral/PF osteophyte, Medial/Lateral/PF bone marrow lesion.

P < .05 is signi�cant. β: Standard regression coe�cient. 95% CI: 95% Con�dence Interval.

 

The time from ACL injury to ACLR was signi�cantly associated with MM morphology (P = .036), MM extrusion
(P = .004), medial cartilage loss (P = 007), and with the presence of medial (P = .043) and lateral (P = 015)
osteophytes. BMI was associated with LM extrusion (P = .010) and MM morphology (P = .025). Age at ACLR
was associated with preoperative PFJ cartilage loss (P = .004) and with the presence of medial osteophytes (P 
= .048). The presence of LM injury was associated with lateral cartilage loss (P = .032) and with the presence of
PFJ osteophytes (P = .012).

There were signi�cant correlations between, the waiting time between ACL injury and ACLR and the presence of
medial osteophytes (CC = 0.501, P = .004), medial cartilage loss (CC = 0.445, P = .011), lateral osteophyte
formation (CC = 0.461, P = .008), lateral cartilage loss (CC = 0.406, P = .020), PFJ osteophyte formation (CC = 
0.580, P = .001) and PFJ cartilage loss (CC = 0.535, P = .002) (Fig. 1).

At pre-ACLR, there were 16 cases with MM abnormality and 18 cases without MM abnormality. The results of
two-way repeated-measures analysis of variance (ANOVA) with the factors time (pre-ACLR, post-ACLR) and MM
(MM abnormality, non-MM abnormality) are shown in Fig. 2.

There was no signi�cant group effect (F(1,23) = 2.621, P = .110) and no time effect (F(1,23) = 2.000, P = .162) on
PFJ cartilage loss. Similarly, there was no signi�cant group effect (F(1,314) = 3.990, P = .088) and no time effect
(F(1,314), P = .384) on medial osteophyte formations.

There was a signi�cant group effect (F(1,113) = 4.433, P = .039) but no signi�cant time effect, (F(1,113) = 3.323, P 
= .072) on medial cartilage loss.

Discussion
In this study, using MOAKS, we found the pre-ACLR waiting period length was positively associated with MM
extrusion, medial cartilage loss, and medial and lateral osteophyte formation. There were signi�cant moderate
correlations between the pre-ACLR waiting period and medial and lateral osteophyte formation, PFJ osteophyte
formation, and cartilage loss. This indicates that degenerative changes progress with the passing of time from
ACL injury.



Page 9/17

The general mechanism of OA progression after ACL injury is as follows: First, joint instability leads to
secondary meniscal abnormalities. Later, meniscal extrusion occurs, and the area of femoral and tibial cartilage
contact increases, causing joint instability and overload with cartilage degeneration. Subsequently,
in�ammation is induced in the synovium in the knee joint, leading to osteophyte formation, and tibiofemoral
joint deformity.[11],[12],[13] These early changes are radiographically occult.

Various OA scoring systems using MRI have emerged in recent years. Scoring systems such as WORMS and
BLOKS have been well-established and are widely used, but both instruments have certain limitations. For
example, the WORMS method mixes multiple different constructs in meniscal scoring, and BLOKS is
cumbersome and complex.[14],[15],[16] MOAKS has been developed from WORMS and BLOKS to improve semi-
quantitative scoring and has been reported as highly reliable. MOAKS has been used in several recent studies.
[17],[7],[18]

Several MRI studies evaluating early OA changes in meniscal morphology and cartilage degeneration have
been published.[19],[20] To the best of our knowledge, there has been no study comparing MOAKS pre- and
post-ACLR. In this study, early knee OA was easily quanti�ed using MOAKS in ACL-injured knees .

The occurrence and progression of OA is known as a long-term complication after ACL injury or reconstruction.
Barenius et al. reported that if ACL injury is treated conservatively, 20% of cases had KL grade 3 OA changes on
X-ray in 10 years, and 60% cases had KL grade 2 OA changes on X-ray in 15 years.[11] Potter et al reported risk
of cartilage loss doubled from year 1 for the lateral compartment and medial femoral condyle and tripled for
the patella. By years 7 to 11, the risk for the lateral femoral condyle was 50 times baseline, 30 times for the
patella, and 19 times for the medial femoral condyle using morphologic MRI and quantitative T2 mapping.[21]
In our study, MOAKS revealed early OA changes in 34 cases after 20.5 ± 6.3 months from ACL injury, with a
signi�cant correlation between waiting period and OA progression. In other words, knee OA after ACL injury
progresses gradually the time of injury. OA changes are irreversible. Over the past few years, regenerative
treatments for articular cartilage and meniscus are advancing rapidly, but there is insu�cient evidence that they
avoid knee OA changes.[22] So an approach that treats ACL injuries early would allow less time for OA
progression. Several studies have recommended early ACL reconstruction after ACL injury for this reason.[12]
Nishida et al have con�rmed a phenomenon in which the relative position of the tibia with respect to the femur
shifts anteriorly as the waiting time from ACL injury to reconstruction increases.[23] In addition, rotational
instability and joint laxity increased one year after ACL injury, which may be complicated by meniscal injury.[24]
OA progression in ACL injured knees is thought to be due to meniscal or other soft tissue injuries and
ligamentous laxity. Early ACLR within 6 months to 1 year of injury is considered desirable to prevent the
occurrence of such complications after ACL injury. The present results uphold this recommendation.

Previous studies have reported that reconstructed ligaments or tendons are not histologically ligament-like even
one year after ACLR.[25] Nageli et al. reported that considering the biological maturation of the transplanted
graft and the functional recovery of the knee, it is better not to return to sports for up to 2 years after ACLR.[26]
Jonsson et al. reported that pivot shift-positive patients after ACLR had inferior subjective knee functional
outcome and experienced the onset of early knee OA. They found that about 20% of patients are positive for
pivot shift even two years after ACLR, and these long-term complications have not been completely
preventable.[27] In our study cases, patients had returned to sports after approximately 1 year. The results of
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two-way repeated measure ANOVA showed no signi�cant time effect on MOAKS score, possibly due to the
sample size. But there was a tendency that a concomitant MM abnormality was associated with a worse
outcome after ACLR. Whether it is too early to return to sports in one year cannot be determined from our
results, but increased caution may be advisable in cases with concomitant MM abnormality.

Several studies have reported some evidence that meniscal damage is a component of osteoarthritis.[28],[29]
Our result showed that there was no signi�cant difference in each MOAKS score between pre-ACLR and 20.5 ± 
6.3 months after ACLR. However, the post-ACL MOAKS of medial cartilage loss tended to be worse than the pre-
ACL MOAKS in the MM group.

Knee OA is primarily due to medial meniscal injury and can occur independently of ACL injury. Even after ACL
reconstruction, MM abnormality is considered to result in progression of medial knee medial cartilage loss. Our
results showed that MM abnormality affected medial cartilage but not PFJ cartilage.

Normally, PFJ OA progression follows femorotibial (FT) OA. This FT joint incongruity causes knee joint
stiffness and greater sagittal dynamic joint stiffness would particularly stress and overload the patellofemoral
compartment and thereby contribute to PFJ OA worsening.[30] Justin et al. recommended FT joint mobilization
for successful management of the patellofemoral pain syndrome.[31]

In other words, it takes some time to develop PFJ OA. PFJ OA had not developed within the follow-up period of
this study even in the MM abnormality group. To prevent knee OA progression, some factors and indicators
have been clari�ed below. Several authors have reported the importance of knee extension torque for knee OA.
Dell’isola et al. indicated that knee extension torque weakness is associated with radiographic (medial and/or
lateral) OA progression in neutrally aligned knees.[32] Katsuragi et al. suggested that radiographically occult
osteophyte formation is a sign of early knee OA.[5] Based on these reports, and taking irreversible changes into
account, in order to prevent the progression of OA, it is desirable to detect early OA using MRI as early as
possible, and to perform early intervention in ACL reconstructed knees, such as knee muscle strength training.

We found that BMI is strongly associated with knee OA, as also found by several other studies.[33],[34] Based
on these, high-BMI patients with ACL injury should undergo surgery as soon as possible, or, if that is not
possible, should be monitored carefully and encouraged to lose weight.

Limitations

Patients of different ages and activity levels participated in this study, and the number of patients may have
been insu�cient. In this study, the muscle strength pre- and post-ACLR was not evaluated. It is generally said
that muscle weakness around the knee joint increases knee instability and increases the risk of knee OA.[32]
The in�uence of the muscle strength on the results could not be considered. In some cases, menisci were
resected, however the extent of the resection was not evaluated.

Conclusion
MOAKS is a useful method to score early knee OA changes after ACL injury. MOAKS showed early knee OA
changes in most knees a mean of 28.2 ± 52.0 months after ACL injury. Our �ndings suggested that time from
injury to ACLR, BMI, and the presence of MM or LM abnormality in preoperative ACL injured knees were
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associated with an increased risk of progression of early knee OA changes. Based on this, we suggest early
performance of ACL reconstruction. In 20.5 ± 6.3 months after ACLR, ACLR knees with MM abnormality showed
more medial cartilage loss than the cases without MM abnormality. Early aggressive intervention may be
important in the prevention of OA progression after ACL reconstruction.
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Figures
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Figure 1

Correlation between early knee OA changes on MOAKS and waiting time from injury to ACLR. The Spearman’s
rank correlation coe�cient(CC) was calculated to evaluate the relationship between the waiting time from injury
to ACLR(Time) and MOAKS for each parameters. (A) Medial osteophyte. (B) Medial cartilage loss. (C) Lateral
osteophyte. (D) Lateral cartilage loss. (E) PFJ osteophyte. (F) PFJ cartilage loss.
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Figure 2

The results of two-way repeated-measures ANOVA with the factors time (pre-ACLR, post-ACLR) and MM (MM
abnormality, non-MM abnormality). A. Patellofemoral cartilage loss (arrow) B. Medial osteophyte (arrow) C.
Medial cartilage loss (arrow)


