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Abstract

Purpose Meniscus extrusion has always been described as an indirect sign of meniscus pathology and is associated with a
loss of function of the affected meniscus. The current cut-off value of 3 mm displacement is indicated as abnormal and has
been determined on magnetic resonance images (MRI) and ultrasound (US). However, it has to be considered that there is
no description of the physiological meniscus extrusion in healthy knees depending on age or different weight-bearing con-
ditions. It was hypothesized that in healthy knees there is a physiological age and BMI dependent meniscal extrusion, and
meniscus extrusion depends on different loading conditions.

Methods Healthy volunteers with non-symptomatic knee, and no history of knee injuries or operations were included in this
prospective cross-sectional study. Exclusion criteria were age < 18years, subjective or objective instability, malalignment
and positive medial meniscus test. Secondary exclusion criteria were osteoarthritis ICRS grade 3—4 or signs of meniscus tear
on MRI. Every patient underwent standard knee examination following measurement of medial meniscus extrusion (MME)
using US. In US extrusion was determined in supine position (unloaded) and in standing position with full weight-bearing
and 20° of flexion (loaded). MRI was performed in a neutral knee position to compare ultrasound measurements with the
current gold standard. Based on the power calculation of preliminary results a minimum of 70 volunteers was needed.
Results 75 patients were enrolled to this study. The mean US MME was 1.1 mm +0.5 mm in supine position and
1.9 mm + 0.9 mm under full weight-bearing. The mean US A-extrusion was 0.8 mm + 0.6 mm. With rising age, a significant
increased MME in US and MRI could be demonstrated (p < 0.001). Furthermore, elevated BMI was significantly correlated
to increased US MME under full weight-bearing (»p =0.002) and to US A-extrusion (p =0.003).

Conclusion Based on the results of this study, medial meniscus extrusion is an age-depending phenomenon in healthy knees
and depends on various load-bearing conditions. Ultrasound examination of the MME might be favorable compared to MRI
due to the ability of dynamic evaluation. As a consequence, the current cut-off value of 3 mm for meniscus pathologies
should be reconsidered.

Level of evidence III.
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According to the geometry and structure, the menis-
cus improves the congruity between the femur and the
tibia and works like a load distributor [31]. In terms of
pathologic changes, this alters knee biomechanics and
kinematics and the transmission of circumferential hoop
stresses is impaired. Choi et al. [4] detected in case of
medial meniscus root tears or severe radial tears a menis-
cus extrusion >3 mm of the medial meniscus in MRI. In
addition Allaire et al. [1] demonstrated in their biome-
chanical investigation significant changes in contact pres-
sure and knee joint kinematics due to a posterior root tear
of the medial meniscus. In the literature, there is a concern
that significant meniscus extrusion dramatically inhibits
meniscus function, and therefore, leads to a condition
comparable with a total meniscectomy. Though, meniscus
extrusion is strongly related to root tears, several authors
also showed an increased radial meniscal displacement
for other meniscus lesions or severe osteoarthritis [5, 6].

Today’s description of meniscus extrusion is based on
static MRI images [5, 14, 26]. MRI is performed in supine
position, and therefore, meniscus function under load
bearing could not be evaluated. One alternative imaging
method is ultrasound, which is already used for assessing
meniscus extrusion. Nogueira-Barbosa et al. [21] demon-
strated reliable measurements of medial meniscus extru-
sion in supine position in ultrasound compared to MRI.
According to the physiological function of the menis-
cus, an anterior-to-posterior translation and also a radial
displacement can be observed in normal knee kinemat-
ics [27]. Therefore, evaluation of the meniscus function
should be assessed dynamically. Verdonk et al. [29], as one
of the first, evaluated meniscus extrusion under different
loading conditions using US to assess results of lateral
meniscus allografts. Extrusion was defined as the distance,
measured from the border of the femoral condyle or tibia
plateau to the outer edge of the meniscus. Furthermore,
they also compared results of MRI and US and stated that
both are adequate to measure meniscus extrusion. Kawa-
guchi et al. [13] investigated medial meniscus extrusion
in knee osteoarthritis using US with and without weight-
bearing. An increased radial displacement with weight-
bearing could be observed. This finding was time depend-
ent. Based on their results, the authors suggested a close
correlation between meniscus extrusion and progression
of osteoarthritis (OA).

Currently, there are only studies available investigat-
ing the association between meniscus pathologies and
meniscus extrusion. However, on the basis of the menis-
cus function, there is no description of the physiological
radial displacement of the meniscus in healthy knees. The
purpose of this study was to evaluate the influence of BMI,
age and load on medial meniscus extrusion of healthy vol-
unteers using ultrasound. It was hypothesized that there is

a physiological age- and BMI-dependent meniscal extru-
sion, and meniscus extrusion depends on different loading
conditions.

Materials and methods

From November 2016 till May 2017 healthy volunteers
were included in this prospective cross-sectional study. The
study was registered on the German Clinical Trial Register
(DRKS: 00010963). Subjects with no history of knee inju-
ries and knee pain and age > 18 years of age were enrolled.
Exclusion criteria were severe valgus or varus leg deformity,
subjective or objective ligament instability or previous knee
operations. Further exclusion criteria were signs of tender-
ness in medial joint space or positive meniscus test dur-
ing clinical examination. Secondary exclusion criteria were
signs of severe osteoarthritis (ICRS grade 3—4) or meniscus
tear on MRIL

Subgroup analysis concerning gender, age, body mass
index (BMI) and load was performed.

The study was approved by the institutional review board
of the Technical University of Munich (No. 370/16 S) and
conducted according to the Declaration of Helsinki. All sub-
jects gave their written informed consent to participate in
this investigation.

Clinical examination

All volunteers underwent clinical examination of the knee,
based on the International Knee Documentation Commit-
tee (IKDC) form. The gold standard in assessing lower
limb alignment is weight-bearing long axis radiographs [7,
23]. However, since only healthy subjects without knee-
related symptoms were included in this study, such radio-
graphs would not be in accordance with the ethical stand-
ards. Therefore, lower limb alignment was only evaluated
clinically in a similar way as described by Hinman et al.
[10]. Subjects were positioned in an upright position with
balanced weight-bearing on both legs and fully adducted
feet. Then distances between medial condyles and medial
malleoli were measured by a single investigator. A distance
of more then two finger—breadths in condyle—distance or
malleoli—distance (corresponds to a distance of more than
3.0 cm) was interpreted as severe leg deformity. Examina-
tion of the ligament stability included testing the laxity of
the medial collateral ligament (MCL) and lateral collateral
ligament (LCL), as well as the anterior and posterior cruci-
ate ligament. Meniscus was evaluated by joint space tender-
ness, McMurray test [19] and Thessaly test [12]. Only one
knee of each subject was included.
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Radiological evaluation

US examination was performed by a musculoskeletal radi-
ologist with at least 3 years of experience in musculoskeletal
imaging. All acquired images of the knees were evaluated on
picture archiving and communication system PACS worksta-
tions (Agfa, Ridgefield Park, NJ, USA).

Ultrasound (US)

For evaluation of the medial meniscus a 13.5 MHz linear
transducer (Siemens ACUSON Antares, Erlangen, Ger-
many) was used. Subjects were positioned supine with a
small roll of towel under the knee. At the 20° bended knee
the medial epicondyle was palpated and the transducer was
placed in the longitudinal direction parallel to the fiber ori-
entation of the MCL. Then the medial meniscus was vis-
ible as a triangular, echogenic structure between the medial
femoral condyle and the tibial plateau. Then the position of
the transducer was marked on the skin. Afterwards patients
were placed in an upright standing position with also 20°
bended knees (loaded). Feet were placed in neutral posi-
tion and body trunk and pelvis position were controlled for
balanced weight-bearing on both legs. The transducer was
placed in longitudinal direction at the previously marked
position. The ultrasound examinations were performed by
a single investigator with at least 20 years of experience in
musculoskeletal radiology.

Medial meniscus extrusion in ultrasound was measured
as published by Nogueira-Barbosa et al. [21]. Extrusion was
defined as the distance between a tangent line parallel to the
fiber orientation of the MCL at the margin of the medial
tibial cortex and the outermost edge of the medial meniscus
(Fig. 1). Additionally the medial displacement index (MDI)
for supine and standing position was calculated as reported
by Kawaguchi et al. [13]. Meniscus width was measured in

MRI on coronary plane were the medial femoral epicondyle
was visible. The values of meniscal extrusion in ultrasound
for standing and supine position were then divided by the
meniscal width and multiplied by 100 to receive the MDI.
A-MDI was defined as the difference between MDI in stand-
ing and lying position [20].

Magnetic resonance images (MRI)

For MRI evaluation a clinical 3.0 T MR scanner (Ingenia,
Philips Healthcare, Best, The Netherlands) was used. In each
case, MR imaging was performed within 1 week after the
initial ultrasound examination. A dedicated 16-channel knee
coil was used for signal reception. Coronal proton density
weighted images with spectral fat suppression were acquired
with the following pulse sequence parameters: T 4150 ms,
Ty 50 ms. Acquired voxel size was 0.35x0.46 2.5 mm,
FOV was 160x 160 mm. Parallel imaging (SENSE, factor
2) was enabled for faster image acquisition.

On coronal images, where the medial femoral epicondyle
was visible, medial meniscus extrusion was calculated as
reported by Costa et al. [5]. One vertical line was placed at
the margin of the medial tibial plateau and a second one at
the outermost edge of the medial meniscus. Meniscus extru-
sion in MRI was defined as the distance between both lines.

Statistical analysis

Statistical analysis was performed by use of SPSS software
(SPSS, Chicago, IL, USA). For all statistical tests, p values
less than 0.05 were considered as significant.

US images and MRI were evaluated in above described
way by one orthopedic surgeon (rater 1) and one musculo-
skeletal radiologist (rater 2).

Descriptive statistics are presented as mean =+ stand-
ard deviation (SD). Kolmogorov—Smirnov univariate

Fig. 1 Unloaded (a) and loaded (b) US image of the medial meniscus. One line is positioned at border of the medial tibia and one at the outer-
most edge of the medial meniscus. Meniscus extrusion is defined as the distance between both lines (white arrow)
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normality test was used for continuous variables to con-
firm data normality. Correlation between US extrusion
(USE) and age, respectively, BMI were assessed by Spear-
man’s Rho test. Correlation between USE and gender was
assessed by Mann—Whitney U test.

An a priori power analysis based on the results of a pilot
study was performed with G¥Power 3.1.9.2 (Franz Paul,
Kiel, Germany). Mean extrusion for supine and loaded
condition and SD were calculated. With an effect size
of 0.74, an a of 0.05 and a minimum of 70 subjects, the
power of the current study is 0.8.

Results

A total of 75 healthy subjects with average age of
39.6 + 13.5 years (range 20-70 years) were enrolled in
this cross- sectional study. None of the included subjects
was secondary excluded because of severe osteoarthritis
or meniscal tears on coronary MRI.

Intraclass correlation (ICC) for US measurements in
supine position was 0.783, CI [0.625; 0.872] (p <0.001),
and 0.900 CI [0.820; 0.942] (p <0.001) for full weight-
bearing. ICC for MRI extrusion was 0.767 CI [0.489;
0.881] (p <0.001).

Table 1 Subgroup analysis of US measurements for gender

Gender

In total 58 female and 17 male were included. A significant
difference between genders was evident for USE in supine
position (p =0.009), but not for USE under full weight-bear-
ing (NS) or for US A-extrusion (NS). Also no significant dif-
ference between genders in MRI was visible (NS) (Table 1).

BMI

Calculated average BMI was 23.6 +3.9 kg/m? (range
17.6-36.1). Average BMI for male was 23.1+4.0 kg/m>
(range 17.6-32.7) and for female 25.1+3.1 kg/m? (range
21.9-36.1). A significant correlation between meniscus
extrusion in loaded US and BMI (p =0.002) was determined.
Otherwise, no significant correlation for BMI and extrusion
in unloaded US (NS) or MRI (NS) was evident (Fig. 2a—c).

Load

Measurements for loaded and unloaded US are summarized
in Table 2. Significant difference between USE in supine
position and under full weight-bearing was demonstrated
(» <0.001, Wilcoxon-Test). Likewise, significant differ-
ence between USE in supine position and extrusion in MRI
was determined. Measurements for MDI are summarized
in Table 3.

US supine position [95% confi- US full weight-bearing [95% confi- US A-extrusion [95% confidence ~ MRI extru-
dence intervals CI] (mm) dence intervals CI] (mm) intervals CI] (mm) sion+ SD
(mm)
Female 1.2 10.9; 1.6]* 2.0[1.3;2.5] 0.8 [0.4; 1.0] 1.4 [1.0; 1.5]
Male 0.9 [0.6; 1.1]* 1.6 [1.1;2.1] 0.8 [0.4; 1.1] 1.1[0.8; 1.4]
*p<0.05
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Fig.2 No significant correlation between body mass index (BMI) and USE in supine position (NS, a) was demonstrated, but for BMI and USE
under full weight-bearing (p = 0.002, » = 0.354, b), and for US A-extrusion (p = 0.003, r = 0.340, ¢)
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Table 2 Measurements of all 75

o ) US supine posi- US full weight-bear- US A-extrusion+SD MRI extru-
Slﬁ)JeCt% n ultrasounq (US) and tion+SD (mm) ing+SD (mm) (mm) sion+SD
magnetic resonance imaging (mm)
(MRI) for rater 1 and 2

Rater 1 1.3+£0.5% 2.0+0.7* 0.8+0.6 1.6+0.8
Rater 2 1.1+£0.5% 1.9+0.9% 0.8+0.6 1.3+0.7
*p<0.05

Table 3 Measurements in MRI of meniscus width, meniscus medial
displacement index (MDI) in supine position, under full weight-bear-
ing and for A-MDI for rater 1 and 2

MRI MDI supine  MDI full A-MDI+SD
meniscus posi- weight-bear-
width+SD tion+SD ing+SD
(mm)
Rater 1 8.0x+1.5 16.7+£7.5 26.2+9.4 9.5+6.6
Rater2 8.3+1.3 14.1+6.2 232+9.6 9.1+74
*p<0.05
Age

For subgroup analysis based on age-included patients
were divided into three different age groups: group (1) age
18-30 years (n=25); group (2) age 30-50 years (n=25);
group (3) age> 50 years (n=25). Mean age in group I was
24.4 4+ 2.4 years (range 20-29), in group II 38.9 +6.2 years
(range 30-49) and 55.5 +4.7 years (range 50-70) in group
III. Extrusion in US and MRI are summarized in Table 4.

Significant correlation between age and loaded and unloaded
US measurements were demonstrated (p < 0.001). Likewise,
extrusion in MRI was also significant correlated to age
(p<0.001) (Fig. 3a—c).

Discussion

The most important finding of the present study is that
healthy medial meniscus showed an age-dependent ultra-
sonographic quantifiable extrusion depending on age and
weight-bearing status. Also significant differences between
genders were evident. Therefore, the concept of meniscus
extrusion as a merely sign for meniscal lesions or severe
osteoarthritis must be reconsidered.

Initially, meniscus extrusion received attention as an indi-
rect sign on MRI for progression of osteoarthritis. Berthiaume
et al. [2] analysed 32 patients with symptomatic knee osteo-
arthritis for cartilage loss in MRI in correlation to meniscal
extrusion and tears. At final follow-up of 2 years, a strong
correlation between medial meniscus extrusion and cartilage

Table 4 Subgroup analysis
of US measurements for age

US supine posi-

US full weight-bear-  US A-extrusion+SD  MRI extru-

tion+ SD (mm) ing +SD (mm) (mm) sion+ SD
groups (mm)
Group I (n=25) 0.8+04 1.1+0.3 0.3+04 1.0+04
Group II (n=25) 1.1+0.4 2.0+0.5 0.8+0.4 1.3+04
Group III (n=25) 1.3+04 2.5+0.8 1.1+£0.7 1.6+0.9
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Age (years)

Fig.3 With increasing age a significant increased MME was demonstrated: USE in supine position (p <0.001, r=0.480, a), USE under full
weight-bearing (p <0.001, r=0.794, b) and US A-extrusion (p <0.001, r=0.615, ¢)
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loss in the medial compartment was evident. Hunter et al.
[11] confirmed in a similar study a strong correlation
between meniscal damage and cartilage loss. In contrast
to our US evaluation method, analyses on MRI are usually
static. Based on the results of the present study an absolute
elevated MME with increasing age was demonstrated. Nev-
ertheless, also in older people a difference between extru-
sion under full weight-bearing and supine position in US
was still evident. This difference could be interpreted as a
functional reaction of the medial meniscus on load. One
explanation for this functional adaption reaction could be
found in the microstructure of the meniscus. Collagen fib-
ers in the meniscus are oriented in a circumferential way
with woven radial fibers in between [3]. The radial fibers act
like tie fibers to resist longitudinal splitting. If axial load is
applied, the fibers of the meniscus elongate and hoop stress
is increasing. To prevent further radial displacement axial
load is converted into tensile strain within the meniscus [11].
Therefore, not just an absolute increased meniscus extru-
sion might be indicative for a malfunction, but rather an
increased or absent functional adaption reaction. Supporting
the idea of a mechanical adaption reaction, Patel et al. [24]
evaluated meniscal extrusion in loaded and unloaded MRI.
Similar to the present study, the authors included patients
with a mean age of 53 years and no radiological signs of
osteoarthritis. They could show under unloaded condition
a MME of 1.0 mm + 0.7 mm, with increasing MME to
1.6 mm + 0.9 mm under loading (p <0.001).

Another issue, where meniscus extrusion gained more
interest, is the increasing number of meniscus allograft
transplantations [15, 30]. Due to the limited significance of
clinical examinations, second-look arthroscopy is performed
in almost 50% of the studies after meniscus transplantation
[22]. During follow-up after transplantation MRI has only a
minor role. As demonstrated by van Arkel et al. [28] menis-
cus allografts could have a variable signal intensity in MRI.
An increased signal intensity was seen for scar tissue, revas-
cularization and also in meniscal tears. Therefore, MRI as
static imaging modality is not the optimal method for evalu-
ation of meniscus allografts. To assess meniscus transplants
in a more dynamic way, Verdonk et al. [29] compared menis-
cal extrusion in MRI and ultrasound under different load-
ing conditions. To compare the results of the transplanted
meniscus also 10 normal lateral menisci were measured.
Although the lateral meniscus was evaluated in this study,
variable meniscus extrusion according to different loading
conditions was also visible. Regarding this results, Verdonk
et al. [29] demonstrated, as one of the first, reliable results
for dynamic measurement of meniscus extrusion in US.

The current focus of interest for meniscal extrusion
in MRI is meniscal root tear. Costa et al. [5] evaluated
retrospectively 105 MRIs and demonstrated a signifi-
cant correlation between an elevated MME and different

meniscal tears. 42% of the subjects with a major medial
extrusion (>3 mm) had a meniscal root tear. Choi et al. [4]
confirmed a strong correlation between medial meniscus
extrusion in MRI and meniscal root lesions. The mean
meniscus extrusion for root tears was 3.8 mm + 1.4 mm.
Even 39.4% of subjects with pathologic extrusion
(>3 mm) had a meniscus root lesion, also 13.2% with
a minor extrusion (<3 mm) showed signs of a root tear.
On the other hand according to Magee et al. [18] there
are also patients with medial meniscus extrusion in MRI,
but without signs of root tear in MRI or arthroscopy. This
phenomenon is explained by a stretch of the meniscal root
rather than a tear. Therefore, also in case of root tears
the question arises whether absolute elevated MME is the
critical point or is not rather an absent or elevated medial
meniscus extrusion under axial load, the decisive point. A
tear of the medial meniscus root results in a disruption of
the circumferential collagen fibers [9]. Thereby under axial
load, the ability to resist hoop stresses is reduced. Normal
MRI is performed in supine position without axial load.
On the basis of the data of present study also in case of
meniscal root tear not an absolute elevated meniscal extru-
sion is essential, but an increased or absent extrusion of
the medial meniscus under axial load.

The current study does have some limitations. First,
ICC for US was inferior compared with MRI measure-
ments. US is an highly operator-dependent imaging
method, this could explain the moderate to good ICC [25].
Second, the limb alignment was only estimated approxi-
mately by clinical examination due to ethical reasons. Fur-
thermore, meniscus extrusion was only measured as radial
displacement on coronary plane and not in the anterior-to
posterior direction.

Conclusion

In conclusion, present study demonstrates that age, BMI
and load-bearing affect medial meniscus extrusion;
increasing age, BMI and load were significantly corre-
lated to increased meniscus extrusion. Moreover, data of
the current study suggest that ultrasound is a feasible tool
in assessing meniscus extrusion dynamically, which allows
for a better understanding of the actual meniscus func-
tion as compared to static diagnostic methods. Meniscus
extrusion by itself, as an indicator for meniscus patholo-
gies, should be reconsidered. The present normative data
may further be useful when evaluating patients following
meniscus surgery or transplantation with potential abnor-
mal extrusion levels.
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