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Abstract
Purpose The medial meniscus is a secondary stabilizer of
anterior tibial translation in anterior cruciate ligament
(ACL)-deficient knees. ACL reconstruction effectively re-
stores an increased anterior tibial translation in the ACL-
deficient knee. However, knee osteoarthritis sometimes de-
velops in ACL-reconstructed patients during a long-term fol-
low-up period. We hypothesized that the medial meniscal po-
sition would be different between the ACL-deficient and re-
constructed knees. The aim of this study was to investigate
pre-operative and postoperative location of the medial menis-
cus in patients who underwent ACL reconstruction.
Methods ACL-reconstructed knees (28 knees) and normal
knees (27 knees) were investigated. Medial tibial plateau
length (MTPL) and medial tibial plateau width (MTPW) were
determined using radiographic images. Magnetic resonance
imaging (MRI)-based medial meniscal length (MML), medial
meniscal width (MMW), and medial meniscal extrusion
(MME) were measured. Postoperative change in the MML,
MMW, andMMEwere evaluated and compared with those in
normal knees.
Results No significant differences between the ACL-deficient
(pre-operative) and normal groups were noted. The ACL-
reconstructed (postoperative) group showed an increase in
the MML, in the percentage of the MML (%MML=100
MML/MTPL), and in the MME. Significant differences

between postoperative and normal groups were observed in
the MML, %MML, and MME. MMWand MMW percentage
(100 MMW/MTPW) were similar in all groups.
Conclusions The anteroposterior length and radial extrusion
of the medial meniscus increased after ACL reconstruction.
Transposition of the medial meniscus may be a possible cause
of developing further degenerative knee joint disorders after
ACL reconstruction.

Keywords Anterior cruciate ligament reconstruction .Medial
meniscus .Meniscal length .Meniscal extrusion

Introduction

The medial meniscus is an important secondary stabilizer for
excessive anterior tibial translation in anterior cruciate liga-
ment (ACL)-deficient knees [1–5]. Abnormal anterior tibial
translation influences the anatomical relationship between
the femoral condyle, meniscus, and tibia [6]. This is consid-
ered a mechanism for the increased incidence of medial
meniscal tears observed in patients with chronic ACL insuffi-
ciency [2]. ACL-injured patients with concomitant medial
meniscal tears have more frequent knee instability episodes
than those without medial meniscal tears [7]. Therefore, re-
ducing the resultant force in the medial meniscus is another
motive of ACL reconstruction. However, in a systematic lit-
erature review, there is no reason to believe that ACL recon-
struction reduces the incidence of further medial meniscal
tears [8]. In addition, knee osteoarthritis sometimes develops
in ACL-reconstructed patients during a long-term follow-up
period [9]. The risk of knee arthroplasty following ACL re-
construction is seven times greater than that of control patients
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[10]. Based on this literature, we considered that ACL recon-
struction would change the medial meniscal status involved in
the medial meniscal position and extrusion.

Assessment of the meniscal size is useful for evaluating
extrusion, movement, and tibial plateau coverage of the me-
niscus [11, 12]. The meniscal size is determined by measuring
the meniscal margins obtained by magnetic resonance imag-
ing (MRI) [13]. However, sizing inaccuracies that result from
difficulty differentiating meniscal margins, radiographic er-
rors in magnification, and the incorrect identification of bony
landmarks have been reported [14, 15]. Furthermore, the
transverse, sagittal, and coronal planes of the knee observed
using MRI often vary among patients and MRI scans. We
previously established a MRI-based multi-slice assessment
technique to compare the pre-operative and postoperative
length of the meniscus in the same patient [15]. We also re-
ported that the percentage of MRI-based medial meniscal
length (MML) against the radiographic measurement of the
medial tibial plateau length (MTPL), defined as MML per-
centage (%MML), significantly changed when all-inside me-
dial meniscal repair concomitant with ACL reconstruction
was performed in patients with peripheral longitudinal tears
of the medial meniscus and ACL insufficiency [15]. However,
it is unclear whether the ACL reconstruction itself affects the
increase of %MML, or whether the concurrent all-inside
meniscal suture with ACL reconstruction excessively elon-
gates the MML. We hypothesized that ACL reconstruction
affects the length and width of the medial meniscus in ACL-
injured knees. The aim of this study was to investigate the
preoperative and postoperative position of the medial menis-
cus in patients who underwent only primary ACL reconstruc-
tion and compare these measurements with those in normal
knees.

Methods

Between January 2009 and November 2012, 32 knees (25 %)
of 29 patients among 128 knees of consecutive patients who
underwent primary ACL reconstructions did not contain the
tears of the medial and lateral menisci. A total of 28 knees
(88 %) were observed on the pre-operative and postoperative
MRI scans; four knees were excluded due to lack of appropri-
ate MRI scans. The patients in the ACL-reconstructed group
(men, 13; women, 13) had a mean age of 23 years (range, 15–
38 years). The mean time from injury to pre-operative MRI
was two weeks (range, one to four weeks). The mean time at
which the ACL reconstruction was performed was three months
after injury (range, one to ten months). Postoperative MRI was
performed at a mean of 11 months (range, 11–12 months). The
mean follow-up period was 26 months (range, 18–51 months).
Twenty-six knees with a mean age of 23 years (range, 15–
38 years) and with normal menisci observed on MRI scans

were considered the normal group (men, 15; women 11); the
MRI scans of these knees were compared with those of the
ACL-reconstructed knees. Medical records were reviewed retro-
spectively to examine the age, sex, height, bodyweight, Lysholm
score [16], radiographic findings, and MRI findings. A side-to-
side distance in the KT-2000 arthrometer measurement at
134 N was adopted as a parameter in the anteroposterior stabil-
ity assessment at the time of surgery and final follow-up exam-
ination (HI and SM). This study received the approval of our
Institutional Review Board and patients gave their informed
consent for this research. Patient demographics are shown in
Table 1.

Surgical procedure and postoperative care

Routine arthroscopic evaluation was performed before each
ACL reconstruction. No tears, instability, and degenerative
changes in the menisci were observed in the ACL-
reconstructed group. Small chondral injuries in three knees
were untreated. ACL reconstruction was performed using a
hamstring tendon autograft (semitendinosus and/or gracilis
muscles, anatomic double-bundle reconstruction). Femoral
and tibial bone tunnels were created within the ACL footprints
as described [17, 18]. Graft fixation on the femoral side was
achieved using an Endobutton CL (Smith & Nephew, Ando-
ver, MA, USA). Graft fixation on the tibial side was per-
formed using a Double Spike Plate and a screw (Meira, Aichi,
Japan). An initial force of 30 N for the anteromedial bundle
(20 N for the posterolateral bundle) was applied to the graft at
10° of knee flexion. Postoperative rehabilitation protocols
were similar in all patients. All patients began knee motion
exercises and partial weight-bearing at two weeks
postoperation. Full weight-bearing was allowed at
one month and running was allowed at five months post-op-
eration. Return to competitive sports was allowed at
eight months [17].

Table 1 Demographics and clinical characteristics

Characteristic ACL-reconstructed Normal

Number of patients (knees) 26 (28) 26 (27)

Age, years (range) 23 (15–38) 23 (15–38)

Gender, men/women 13/13 15/11

Interval from injury to surgery,
months (range)

3 (1–10) NA

ACL reconstruction (autograft),
knees; Semitendinosus and/or
gracilis tendon

28 NA

Chondral injuries, knees 3 0

Duration from surgery to
postoperative MRI, months (range)

11 (11–12) NA

Follow-up period, months (range) 26 (18–51) NA

NA not applicable
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Measurement of bony landmarks and the medial meniscus

Measurements of the radiographic images and MRI scans
were performed as described previously [15]. MTPL was
measured from the maximum anteroposterior dimension of
the medial plateau in the lateral radiographic view (Fig. 1a)
[19, 20]. An anteroposterior radiograph was used to measure the
medial tibial plateau width (MTPW). MTPW was measured
as the distance from the medial margin of the tibial plateau to
the peak of the medial intercondylar eminence (Fig. 1b) [19,
20]. MRI was performed using an Achieva 1.5 T (Philips,
Amsterdam, The Netherlands) or an EXCELART Vantage
powered by Atlas 1.5 T (Toshiba Medical Systems, Tochigi,
Japan) with a coil under the 10°-flexed knee position. Standard
sequences of the Achieva included sagittal (repetition
time [TR]/echo time [TE], 601/14), coronal (TR/TE, 553/14)
T2-weighted multi echo with a 30° flip angle, and axial (TR/
TE, 4330/104) T2 BLADE fat saturation with a 150° flip
angle. Standard sequences of the Vantage included sagittal
and coronal proton-density fast spin echo (TR/TE, 2300/18)
and axial T2-weighted fat suppression (TR/TE, 3500/60) with
a 90° flip angle. The slice thickness was 3 mm with a 0.6-mm
gap. The field of view was 18 cm (or 17 cm) with an acquisi-
tion matrix size of 384×269 (or 200×368) [21–23]. Four or-
thopaedic surgeons (SN, TT, YS, and KS) retrospectively
reviewed the radiographic images and MRI scans in a blinded
manner. The MML and medial meniscal width (MMW) were

measured in the transverse, sagittal, and coronal views
using the MRI-based multi-slice assessment technique
[15]. The distance from the anterior to the posterior
margin of the medial meniscus on the transverse image
was the MML (Fig. 1c). MMW was measured as the
distance from the outer border of the medial meniscus
to the medial edge of the medial intercondylar eminence
on the coronal image that crossed the center of the
MML (Fig. 1d). Medial meniscal extrusion (MME)
was measured as the distance from the medial edge of
the tibial plateau cartilage to the outer border of the
medial meniscus (Fig. 1e). Both intra- and interobserver
reliabilities were excellent (ICC>0.92) in each measure-
ment. A mean value of each observer’s measurement
was obtained. To compare the MML and MMW among
the different groups, we normalized the MRI-based
meniscal measurements using radiographic measure-
ments of the medial tibial plateau. The percentage of
MML to each MTPL was calculated as the MML per-
centage (%MML=100 MML/MTPL). The percentage of
MMW to each MTPW was determined as the MMW
percentage (%MMW=100 MMW/MTPW) [15]. Correla-
tions between MTPL and MML as well as that between
MTPW and MMW were examined. The MML, %MML,
MMW, %MMW, and MME were compared among the
ACL-deficient (pre-operative), ACL-reconstructed (post-
operative), and normal knees.

MTPWMTPL

a b c

d

MMW

MML

e
MME

Fig. 1 Radiographic and MRI-
based measurements. a Medial
tibial plateau length (MTPL). b
Medial tibial plateau width
(MTPW). Coronal reference lines
(red) are parallel to the posterior
condylar line. c Medial meniscal
length (MML, yellow double-
headed arrow). d Medial
meniscal width (MMW). e
Medial meniscal extrusion
(MME)
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Statistical analysis

Linear regression analysis was used to assess the corre-
lations among the indicated values. A good correlation
was represented by R²≥0.65, fair correlation by R²≥0.50,
and poor correlation by R²<0.50 [15]. Meniscal measure-
ments and clinical values at the pre-operative and post-
operative examinations were assessed using the
Wilcoxon signed-rank test. The Mann–Whitney U test
was used to study the variables compared with normal
knees. Power and statistical analyses were performed
using EZR-WIN. Data are presented as the mean±stan-
dard deviation. Significance was set at P<0.05.

Results

Correlation between MRI-based measurement of the medial
meniscus and radiographic measurement of the medial tibial
plateau

Good correlations were observed between (i) MTPL and pre-
operative MML (R²=0.77), (ii) MTPL and postoperative
MML (R²=0.67), and (iii) MTPL and normal MML
(R²=0.76). Fair correlations were observed between (i)
MTPW and pre-operative MMW (R²=0.61) and (ii) MTPW
and postoperative MMW (R²=0.60). A good correlation was
also observed between MTPWand normal MMW (R²=0.83).
The best fit equations for predicting each value were as
follows: (i) pre-operative MML=1.02 MTPL – 4.70 mm; (ii)
postoperative MML=0.94 MTPL – 0.25 mm; (iii) normal
MML=0.79 MTPL+6.65 mm; (iv) preoperative MMW=
0.66 MTPW+7.07 mm; (v) postoperative MMW=0.82
MTPW+2.75 mm; and (vi) normal MMW=0.88 MTPW+
0.81 mm.

Physical features and radiographic measurement of the medial
tibial plateau

The height of the patients was similar between the ACL-
reconstructed (1.68±0.07 m) and normal (1.65±0.08 m)
groups. Body weight of the patients was 65.7±7.7 kg
and 64.8±12.5 kg in the ACL-reconstructed and normal
groups, respectively (Table 2). The radiograph-based
MTPL was 46.2±2.9 mm and 45.3±2.8 mm in the
ACL-reconstructed and normal groups, respectively. The
MTPW was also similar between the ACL-reconstructed
(31.5±2.3 mm) and normal (30.6±2.1 mm) groups
(Table 2). There were no significant differences between
the two groups considering the height, body weight, and
medial tibial plateau measurement (Table 2).

Clinical evaluation

ACL reconstruction improved knee-associated symptoms. No
physical signs such as knee-joint swelling, joint-line tender-
ness, or locking were observed at the time of final follow-up
evaluation. Median Lysholm score was 62.5 (range, 36–73)
before ACL reconstruction and improved to 95.5 (range, 80–
100) at the final follow-up examination. Mean side-to-side
distance in the KT-2000 measurement was 5.3±1.8 mm
(range, 2–9 mm) before ACL reconstruction and decreased
to 1.3±1.1 mm (range, 0–3 mm) at the final follow-up exam-
ination. Significant differences between preoperative and
postoperative values were observed in these items (P<0.001).

MRI-based measurement of the medial meniscus

The MML increased from 42.6±3.5 to 43.8±3.5 mm after
ACL reconstruction (P<0.001, Table 3). %MML significantly
increased from 92.1±4.3 to 94.6±4.3 % postoperatively
(P<0.001). The MME changed from 1.2±1.1 to 1.8±
0.9 mm (P=0.007). All parameters were similar between the
pre-operative ACL-deficient and normal groups (Table 3). On
the other hand, significant differences between the postopera-
tive and normal groups were observed in the MML (P=
0.018), %MML (P=0.030), and MME (P=0.021). Effective
statistical power (>0.08) was obtained in each parameter
showing significant difference.

Discussion

The present study demonstrated that MML and %MML,
which showed anteroposterior expansion of the individual
medial meniscus on each medial tibial plateau, changed after
ACL reconstruction. ACL reconstruction also affected an
extra-articular radial displacement (extrusion) of the medial
meniscus. Many studies have reported thatMME is associated
with progression of symptomatic knee osteoarthritis [24–26].
Meniscus-to-femoral condyle congruity is essential for the
development of circumferential hoop stresses and meniscal
function. Abnormalities in the position of the medial meniscus

Table 2 Physical features and radiographic measurements of the
medial tibial plateau length (MTPL) and medial tibial plateau width
(MTPW)

Measure ACL-reconstructed Normal P value

Height (m) 1.68±0.07 1.65±0.08 0.088

Body weight (kg) 65.7±7.7 64.8±12.5 0.387

MTPL (mm) 46.2±2.9 45.3±2.8 0.142

MTPW (mm) 31.5±2.3 30.6±2.1 0.072

Data are displayed as a mean±standard deviation
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and its coverage, such as meniscal root tear, substantial
meniscal extrusion, and meniscectomy-related meniscal de-
fects, can alter knee joint congruity and are associated with
the progression of tibiofemoral osteoarthritis and cartilage
degradation [24, 27, 28]. Accurate positioning of the meniscus
is critical in meniscal repair and replacement for restoring the
physiological relationships among the femur, meniscus, and
tibia [29]. The ACL also resists valgus knee joint laxity [30]
by preventing internal rotation of the tibia [31]. Although
several authors have stated that prompt operative intervention
reduces long-term osteoarthritis after ACL injury [32], the
theory that ACL reconstruction is valuable as a way to prevent
knee joint degradation remains controversial [8]. The tibia is
over-constrained (posterior displacement and external rota-
tion) three weeks after anatomic triple-bundle ACL recon-
struction, but returns to the normal position six months post-
operatively [33]. We consider that ACL reconstruction itself
may not directly affect the MRI-based measurements of the
medial meniscus. Other factors such as graft tensioning and
tibiofemoral rotational mismatch might have influenced the
medial meniscal status. Postoperative changes in MML and
MME may be caused by an excessive external rotation of the
tibia. In our study, a total of 50 N of initial tension was applied
for the graft fixation. Graft tensioning may also affect postop-
erative change in the MML and MME. There was no signif-
icant correlation between the pre-operative interval and each
meniscal measurement (data not shown). In addition, the pre-
operative and postoperative KT-2000 measurements had no
correlation with the medial meniscal measurements (data not
shown). ACL deficiency that had nomeniscal injuries may not
directly affect the measurements of the medial meniscus under
the 10°-flexed and unloaded knee position during a short-term
preoperative interval. Concurrent and post traumatic meniscal
damage involved in the root tears and severe radial tears might
affect the transposition of the meniscus in the ACL-deficient
knees. A follow-up study and further MRI examinations will
be needed to understand the relationship among pre-operative
and postoperative shift of the medial meniscus, the

tibiofemoral rotation, and the development of post-traumatic
osteoarthritis in the ACL-reconstructed knees.

In this study, the measurement of the medial meniscus in
the pre-operative ACL-deficient and normal groups was sim-
ilar to those in earlier reports [13, 14, 19, 20]. Several vari-
ables such as height of the patient and measurements of the
tibial plateau are considered good candidates for determining
the medial meniscal size [13, 15]. In these studies, the tibial
plateau measurements were more closely correlated with the
MRI-based measurements of the medial meniscus than each
patient’s height [13, 15]. However, the actual meniscal dimen-
sions (MML and MMW) can be predicted with a mean error
of 5.0±6.4 % using the measurements of the tibial plateau
(MTPL and MTPW) [20]. In addition, the measurements for
left and right knees in the same patient show that the mean
percentage difference for the meniscal dimensions (length,
width, body width, and circumference) was 4.5–9.5 % [20].
In our study, height was poorly correlated with theMRI-based
measurements of the medial meniscus than the measurements
of the tibial plateau of all groups (data not shown). Therefore,
we normalized the MRI-based meniscal measurement using
the radiographic measurements of the medial tibial plateau, as
%MML and %MMW, to precisely compare the medial
meniscal measurements. This study demonstrated that MME
increased after ACL reconstruction. However, significant dif-
ferences in MMW and %MMW were not observed. The
MMW may not be predicted accurately from height, skeletal
size, and contralateral meniscal measurements. We consider
that the MMEwould be more useful to assess the mediolateral
change in the MRI-based meniscal measurements than the
MMW.

The risk of further meniscal injuries after ACL rupture is
higher when the ACL is not reconstructed [34]. A reduced
frequency of further meniscal damage after ACL reconstruc-
tion has also been stated in several studies [8, 9]. However,
these observations in the prevention of postoperative meniscal
injuries could not be explained only by ACL reconstruction
but could also be a result of decreased involvement in

Table 3 MRI-based measurements of medial meniscal length (MML), MML percentage, medial meniscal width (MMW), MMW percentage, and
medial meniscal extrusion (MME)

Measure ACL-reconstructed Normal vs. Pre-operative vs. Postoperative

Pre-operative Postoperative P value a P value b P value b

MML (mm) 42.6±3.5 43.8±3.5 <0.001* 41.9±2.8 0.200 0.018*

MML percentage (%) 92.1±4.3 94.6±4.3 <0.001* 92.5±3.5 0.362 0.030*

MMW (mm) 27.9±1.9 28.4±2.4 0.068 27.4±2.2 0.191 0.054

MMW percentage (%) 88.5±4.1 90.1±5.1 0.077 89.9±3.0 0.090 0.406

MME (mm) 1.2±1.1 1.8±0.9 0.007* 1.4±0.8 0.337 0.021*

Data are displayed as a mean±standard deviation. ‘P values a’ were evaluated between preoperative and postoperative measurements in
ACL-reconstructed knees using the Wilcoxon signed-rank test. Statistical differences (‘P value b’) between normal knees and preoperative
ACL-deficient knees (or postoperative ACL-reconstructed knees) were measured using the Mann–Whitney U test. *P<0.05
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strenuous sporting activities. Stable medial meniscal tears left
in situ during ACL reconstructions result in the high preva-
lence of failures such as residual pain and subsequent menis-
cus repair (or partial meniscectomy) [35]. Moreover, the con-
servative treatment of peripheral stable meniscal tears in ACL-
reconstructed knees is less effective for the medial meniscus
than for the lateral meniscus [36]. Therefore, ACL reconstruc-
tion alone might not perfectly resolve complex mechanical
stresses in the medial meniscus. Further investigations will
be required to evaluate the effect of ACL reconstruction on
restoring medial meniscal function.

In this study, we evaluated the MRI-based medial meniscal
length, width, and extrusion in a single knee flexion angle
(10°) under non-weight-bearing condition using 3-mm slice
thickness. To compare the real function of the medial menis-
cus among the ACL-deficient, ACL-reconstructed, and nor-
mal groups, open MRI assessments of meniscal movement
using thin slices in several knee flexion angles under loading
condition will be required. In addition, three-dimensional re-
construction of the medial meniscus using dynamic MRI may
be useful to understand postoperative change in medial
meniscal position andmorphology. Our study was a retrospec-
tive comparative study with a small sample size. Additional
follow-up MRI scans involved in a larger sample size will be
required to evaluate the real effect of ACL reconstruction on
medial meniscal position.

In conclusion, postoperative changes in the anteroposterior
length and radial extrusion of the medial meniscus (MML,
%MML, and MME) were observed after ACL reconstruction.
Although ACL reconstruction itself may not directly induce a
distinct damage of the meniscus, the posttraumatic transposi-
tion and degeneration of the medial meniscus may not be
completely prevented by ACL reconstruction alone.
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