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Abstract 

Background: Early and accurate diagnosis of medial meniscal posterior root tear (MMPRT) via magnetic resonance 
imaging (MRI) is crucial to prevent the development of medial meniscus extrusion (MME) and subsequent osteo‑
arthritic changes. The study aims to assess the role of MRI in diagnosing the medial meniscal posterior root tear 
(MMPRT) as well as to investigate the additive value of a new MRI technique (varus stress position technique) in 
measuring the accurate degree of a truly extruded meniscus, during normal daily activities like standing or walking. 
This prospective study included 70 patients who had an episode of posteromedial knee pain. All patients underwent 
conventional MRI, whereas only 35 of them underwent MRI with varus stress loading position.

Results: The study included 70 patients, of which 56 were female (80.0%), with a mean age of 49.1 ± 8.5 years. 
According to duration onset of MMPRT, 39 patients were in the chronic stage (4–12 months), 16 patients were in the 
acute stage (early < 1 month), and 15 patients were in the subacute stage (1–3 months). It was found that varus stress 
position could detect 100% of the patients (35/35) with positive medial meniscus extrusion (MME) (≥ 3 mm), whereas 
the MRI with the traditional position could detect only 62.9% of the cases (22/35) (P < 0.000). Regarding the chronicity 
of MMPRT, a significant increase was observed in the amount of MME in post‑varus MRI compared with that in pre‑
varus MRI for each stage (acute, subacute, and chronic) (P < 0.000).

Conclusion: MRI is considered a superior imaging modality in diagnosing MMPRT through several characteristic MRI 
findings. The varus stress position showed a valuable role in assessing the presence and degree of severity of true 
extruded meniscus using positional varus stress load.
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Background
The meniscus is the most important cushion in the knee 
[1]. It plays an important biomechanical role in the axial 
load distribution of knees utilizing hoop strength [2]. 
Pain and subsequent arthritis can occur if cushioning is 
lost because of meniscus injury [1]. Menisci may be torn 
because of either trauma or degeneration as in osteoar-
thritis wherein an abnormal distribution of force across 

the knee joint occurs. Meniscal root tear is a type of 
meniscal tear, mostly treated as a meniscal radial tear, 
that occurs within 1  cm away from the meniscal root 
attachment or as a root avulsed bony fragment at the 
meniscal tibial insertion [3].

MMPRT can extend to the posterior meniscal root 
attachment and occurs particularly in middle-aged or 
elderly patients who experience a single event of postero-
medial painful popping sensation during light activities, 
such as climbing the stairs and squatting [4]. MRI is well 
established as the best imaging modality for the evalu-
ation of a patient with suspected meniscal pathology, 
including the medial meniscal posterior horn root [5, 6].

Open Access

Egyptian Journal of Radiology
and Nuclear Medicine

*Correspondence:  dr.m.tawab@gmail.com
1 Department of Diagnostic Radiology, Faculty of Medicine, Assiut 
University, Assiut 71515, Egypt
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-3456-7147
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-022-00711-5&domain=pdf


Page 2 of 13Qardash et al. Egypt J Radiol Nucl Med           (2022) 53:39 

Meniscal root tears (MRTs) may occur in either acute 
or chronic form and are often overlooked or ignored dur-
ing MRI scans. However, as in meniscal radial tears, root 
tears may have critical biomechanical sequels [7]. There-
fore, early identification of a meniscal root tear on MRI 
is critical, due to the introduction of a new arthroscopic 
transtibial pullout repair used to repair meniscal root 
tears and maintain the tibiofemoral cartilage of the knee 
[2]. Recently, MMPRTs have been extensively investi-
gated in both arthroscopic and MRI studies [8]. With the 
widespread use of MRI, the diagnosis of meniscal root 
injuries has been more accurate. All MR pulse sequences 
should be reviewed, but T2-weighted coronal sections 
are considered the best sequence in the visualization of 
the posterior roots [9].

Medial meniscal posterior root lesions can lead to 
medial meniscus displacement and the formation of a 
gap defect at the site of root insertion, which is aggra-
vated when the knee is subjected to stress loads [10].

The quality of MR image and the skill of the radiolo-
gist are among the important factors in reaching an accu-
rate diagnosis of a meniscal root tear [11]. It is not hard 
to diagnose the MMPRT if the diagnosis was based on 
the main distinguishing signs in MRI-plane images along 
with clinical symptoms. These MRI signs include giraffe 
neck sign, cleft sign, ghost sign, radial tear sign, and 
meniscus extrusion [12]. Some authors consider these 
main signs as direct signs for the diagnosis of MMPRT, 
with an exception for meniscus extrusion, which is con-
sidered an indirect sign of MMPRT [13].

Evaluation of preoperative MME may be important in 
determining the duration of injury and treatment plan-
ning protocol for MMPRT [14]. Therefore, MME could 
be used as a further guide in the diagnosis of medial 
meniscal root tear in MRI [15]. The degree of MME 
can influence the postoperative clinical outcome of the 
MMPRT and recovery after transtibial pullout repair [14, 
16]. MME may progress after MMPRT more quickly than 
that in osteoarthritic knees with intact posterior roots 
[14]. On the other hand, the identification of the accurate 
degree of the truly extruded meniscus in the supine posi-
tion with non-weight-bearing MRI could be one of the 
challenges encountered by previous studies [16].

For that reason, the present study aimed to assess the 
role of MRI in diagnosing MMPRT as well as to intro-
duce a new MRI technique with varus stress position that 
could achieve a more accurate measurement of the truly 
extruded meniscus in MMPRT.

Patients and methods
Study population
This prospective study included 70 suspected MMPRT 
patients based on their clinical presentations during the 

period between February 2019 and August 2020. Insti-
tutional review board approval and written informed 
consent were obtained for this study. The study included 
16 patients in the early (acute) stage, 15 patients in the 
subacute stage, and 39 patients in the chronic stage, who 
presented with posteromedial knee pain with or without 
associated popping sounds. Conventional MRI of the 
affected knee joint was performed in all studied patients. 
Overall, 35 patients underwent MRI with varus stress 
position, whereas 26 of them were in acute and suba-
cute stages and subjected to confirmatory gold stand-
ard arthroscopy. Those patients who had previous knee 
surgery and any general contraindication to MRI as any 
paramagnetic substance or claustrophobia were excluded 
from the present study. The flowchart of the current 
study population inclusion process is illustrated in Fig. 1.

MRI technique
All MRI scans of the knee were performed via a 1.5 Tesla 
MRI system (Achieva, Philips Medical Systems, Best, The 
Netherlands) using a knee surface coil. Before the MRI 
scan, all patients were subjected to standing/weight-bear-
ing anteroposterior plain X-ray of the affected knee joint 
for osteoarthritis and varus alignment assessment. Con-
ventional MRI position was done for all patients in terms 
of multiplanar conventional sagittal, coronal, and axial 
MRI planes and pulse sequences (Table  1). Fast spin-
echo proton density (FSE PD) weighted  sequences with 
and without fat-saturation (FS) were the mainstay in this 
study, as they are accurate and sensitive for evaluation 
of meniscal root tears in particular. The pulse sequences 
included as following: sagittal PD, T2, and STIR, coro-
nal T2 and FSE PD, and axial T2WI. The field strength, 
coil, slice thickness, field of view, matrix size, and other 
imaging parameters used were optimized to increase 
the signal-to-noise ratio and decrease scan time, thereby 
decreasing motion artifact. During this scan, the patient 
was in the supine position and the legs were positioned 
in complete or nearly complete extension as the affected 
knee was put in a cylindrical knee coil (Fig. 2a).

Varus stress position
Out of the 70 patients, 35 of them were in the varus stress 
position(Fig.  2b), in which one to two thick sandbags—
about ≈ 8 cm in thickness—was positioned between the 
inner wall of the knee coil and the inner surface of the 
other sound knee, and then a band wrapped the lower 
legs to bind both ankle joints close together. In this new 
technique, we positioned both knee joints in a varus 
stress position by causing stress load on the medial com-
partment of the knee, particularly the medial menis-
cus, leading to the presence or subsequently increased 
amount of the extruded meniscus in MMPRT’s patients. 
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The additional varus stress coronal T2WI and PD-SPAIR 
pulse sequences were performed to measure and com-
pare the pre- and post-varus stress MME.

MR image interpretation
The analysis of MRI was based on several characteris-
tic direct (cleft/truncation sign, giraffe neck sign, ghost 

meniscus sign, and the radial tear sign) and indirect 
(medial meniscus extrusion) MRI findings of MMPRT 
observed on all MRI planes (Fig. 3). In the present study, 
T2- and PD-SPAIR-weighted images were the essential 
pulse sequences. On the posterior (the slice that shows 
the fibular head) and mid-coronal (the slice showing the 
medial spine of the tibia at its largest area) planes, the 

Fig. 1 Flowchart of our study

Table 1 Protocol for MRI examination of knee joint and meniscus

TR, Repetition time; TE, echo time; FOV, field of view (ranged from 15 to 16 cm); DUAL_DR_TSE, double PD and T2 weighted sequences

The average duration time of the examination was from 25 up to 30 min

Sequences parameters Sagittal PD Sagittal T2 Sagittal STIR Coronal T2 Coronal PD-SPAIR Axial T2
DUAL_DR_TSE

TR 2078 2728 4745 3000 4861

TE 110 60 100 30 100

FOV (mm)

Anterior/ Posterior(AP) 150 150 79 79 160

Right/left (RL) 79 79 160 160 160

Feet/head (FH) 150 150 160 160 79

ACQ matrix M × P 320 × 240 256 × 203 324 × 253 292 × 240 324 × 260

Reconstruction matrix 512 512 560 512 560

Slice thickness (mm) 3 3 3 3 3

Min. Slice gap (mm) 3 3 0 3 0

Flip angle 90 90 90 90 90

Slices 24 20 24 24 24
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MMPRT can be diagnosed by the presence of the cleft/
truncation sign, giraffe neck sign, and medial meniscus 
extrusion. The cleft sign is described as a vertical fluid 
high-signal gap defect with a truncated meniscus seen at 
the root attachment on a posterior cut. The giraffe neck 
sign—also known as a meniscal body sign was deter-
mined by a lateral view of the giraffe neck-like shape of 
the medial meniscus (MM) posterior segment based on 
the coronal MR images. It was seen as a swollen/trun-
cated slope-like shape of the MM posterior segment on 
the posterior coronal cut.

A feature of MME on the mid-coronal fluid-sensitive 
image was observed as an extra-articular partial or total 
displacement of the MM that extends 3  mm or more 
beyond the end margin of the medial tibial plateau. It 
was measured from the medial edge of the tibial plateau 
to the outer border of the MM. An MME of ≥ 3  mm is 
defined as a positive extrusion sign.

Furumatsu et al. [16] divided the MMPRT patients into 
three groups (acute group, subacute group, and chronic 
group) according to the duration from onset of injury or 
painful popping to MRI examination and according to 
MME measurement (Table 2).

The ghost meniscus sign, also called a white or empty 
meniscus sign, either partial or complete, was observed 
on the sagittal plane as an obliteration of a normally 
recognized meniscus or replacement of normal dark 

meniscal signal with a high-signal-intensity on the 
meniscal root. A partial tear was characterized by a par-
tial abruption of the affected root, which is considered 
an abnormal signal intensity or morphology of the root, 
whereas a complete tear was characterized by complete 
root discontinuity.

Another sign of MMPRT seen on the axial view is the 
radial tear, which is described as a vertical high-signal-
intensity linear defect on the meniscal root.

The interpretation of MR images, including the pres-
ence of MME in pre- and post-varus positions, was 
assessed by two observers (A.A.Q., and H.E. with 7, and 
33 years of experience, respectively). The consensus was 
reached by discussion in cases where disagreement was 
present.

Statistical analysis
Data entry and statistical analysis were performed 
using SPSS software version 22 (Statistical Package for 
Social Science) (SPSS Inc., Chicago, IL, USA). Continu-
ous data were expressed as mean ± standard deviation, 
whereas categorical data were expressed in frequencies 
and percentages. Quantitative variables were compared 
via one-way ANOVA (analysis of variance) to measure 
the MME among the three stages of chronicity, whereas 
quantitative variables in each stage were compared to 
measure the pre- and post-varus stress MME amount 

Fig. 2 Patient conventional position (pre‑varus) (a). Varus stress position technique (b)
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using the paired sample t test. The qualitative variables 
in the pre- and post-varus stress technique between posi-
tive MME (≥ 3  mm) and negative MME (< 3  mm) were 
compared using Fisher’s exact test. MedCalc version 11.3 
was used to compare the MRI findings of MMPRT with 

Fig. 3 Characteristic signs of the MMPRT on the MR images (PD‑SPAIRWI). A 63‑year‑old woman (the left knee) showed: a A ghost “white meniscus” 
sign (black arrow) at the sagittal view. b A radial tear sign adjacent to the MM posterior root (red arrow) is seen as a linear fluid gap defect at axial 
view. c A giraffe neck sign (green line) with cleft or truncation sign (white arrow) at coronal view. d A medial meniscus extrusion (orange arrow) at 
coronal view

Table 2 Three groups of patients according to the onset and 
MME measurement of MMPRT

Variable Early
 < 1 month

Subacute
1 − 3 months

Chronic
4 − 12 months

MME (mm) 3.0 ± 1.2 4.2 ± 1.2 5.8 ± 1.6
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arthroscopy findings as a gold standard in 26 cases for 
the calculation of sensitivity, specificity, positive and neg-
ative predictive values, accuracy, and receiver operating 
characteristic (ROC) curve. A P value of < 0.05 was con-
sidered statistically significant.

Results
This study included 70 patients who presented with an 
episode of medial or posteromedial knee pain with or 
without popping sensation, wherein 14 patients were 
male (20.0%) and 56 were female (80.0%) with ages rang-
ing from 24 to 70  years. Moreover, the mean age was 
49.1 ± 8.5 years, and 38 patients (54.3%) were older than 
50 years. Concerning the symptoms, 46 patients (65.7%) 
only presented with a popping sensation. Regarding the 
risk factors, the body mass index (BMI) ranged from 22.2 
to 40.3 kg/m2 with a mean of 31.7 ± 4.95 kg/m2, wherein 
overweight/obesity is considered a risk factor of MMPRT 
for those patients who had a BMI of > 30  kg/m2, which 
comprised most cases (42/70).On the other hand, it was 
found that 63 patients (90.0%) had a history of osteoar-
thritis (OA), whereas 27 patients (38.6%) had a history of 
trauma with or without OA.

According to duration onset or chronicity of MMPRT, 
it was found that 39 patients (55.7%) were in the chronic 
stage, 16 patients (22.9%) were in the acute stage, and 15 
patients (21.4%) were in the subacute stage.

Characteristic MRI findings of MMPRT
Of the 70 patients, 63 patients (90.0%) exhibited positive 
MRI signs of MMPRT in the present study. The high-
est detection rate (97.1%) was observed in the MME 

Table 3 Comparison of pre and post‑varus MME in 35 patients

Fisher Exact test was used to compare MME ≥ 3 mm and MME < 3 mm in pre - 
and post-varus stress load technique

MME Pre-varus MME
(n = 35)

Post-varus MME
(n = 35)

P value

No % No %

Positive (MME ≥ 3) 22 62.9 35 100.0 0.000*

Negative (MME < 3) 13 37.1 0 0.0

Table 4 MME Measurement according to chronicity

a Comparison of MME measurements among the three types or stages of 
chronicity was done by using analysis of variance test (ANOVA test)
b Comparison between pre-varus and post-varus stress MME measurements in 
each separated stage was done by using (paired samples T test)

Chronicity P  valuea

Acute Sub-acute Chronic

Mean ± SD Mean ± SD Mean ± SD

Pre‑Varus 2.89 ± 0.47 3.89 ± 0.63 4.72 ± 1.71 0.001*

Post‑Varus 4.89 ± 0.75 6.07 ± 1.16 7.02 ± 1.72 0.001*

P  valueb 0.000* 0.000* 0.000*

Fig. 4 A 47‑year‑old female patient, not obese (BMI = 23.7 kg/m2), with a history of heavy labor work presented with a sudden onset of 
posteromedial left knee joint pain with a popping sound that occurred when she was doing housework for 5 months (chronic stage). At the time of 
injury, plain standing X‑ray of the left knee looked normal (a); deteriorated knee joint space narrowing 5 months later on plain X‑ray (b) revealed a 
sign of marked osteoarthritic changes in form of narrow medial joint compartment
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sign. Overall, 88.6% of patients had the cleft sign, 87.1% 
had the ghost sign, 82.9% had the giraffe neck sign, and 
approximately two-thirds of them had the radial tear 

sign. In the current study, the coexistence of any two MRI 
signs of MMPRT, except for MME, also showed a high 
rate of approximately 90.0% which in turn could increase 

Fig. 5 MRI of the same patient: comparison between the pre‑ and post‑varus stress medial meniscus extrusion amount (MME) (c). Without varus 
stress position (left upper and left lower), the coronal PD‑SPAIR WI of the left knee shows an extruded medial meniscus of approximately 5 mm 
(from the end of the medial tibial plateau to the end of the extruded meniscus) (orange arrow). With varus stress position (right upper and right 
lower), MME increased up to 10 mm from the end of the medial tibial plateau to the end of the extruded meniscus (red arrow)
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the diagnostic accuracy of MRI in diagnosing MMPRT. 
Furthermore, 54.3% of patients (38/70) had a partial tear, 
37.1% (26/70) had a complete tear, and only 8.6% (6/70) 
had no root tear. It was found that PD with fat satura-
tion was more reliable than T2WI in the evaluation of 
MMPRT.

Associated MRI findings in MMPRT
Thirty percent of patients (21/70) had associated anterior 
cruciate ligament (ACL) tear, 2.9% (2/70) had posterior 
cruciate ligament (PCL) tear, and 54.3% (38/70) pre-
sented with associated positive subchondral bone mar-
row edema.

MRI technique with varus stress position
It was found that the MRI technique with varus stress 
position could detect 100% of patients (35/35) with posi-
tive MME (≥ 3  mm), whereas the MRI technique with 
the traditional position could detect only 62.9% of the 
cases (22/35), indicating a highly statistically significant 
difference (P < 0.000) (Table 3).

Regarding the chronicity of MMPRT, a significant 
increase in the amount of MME was observed in post-
varus MRI compared with pre-varus MRI for each stage 
(acute, subacute, and chronic) (P < 0.000). The largest 
amount of MME was found in the chronic cases, fol-
lowed by subacute and acute cases (P < 0.0001) (Table 4).

Figures 4, 5, 6, and 7 show the representative cases for 
the pre- and post-varus MME comparison in chronic, 
subacute, and acute stages.

Comparison of MRI findings with arthroscopic results in 26 
patients with MMPRT
A ROC analysis was performed to explain the per-
formance of screening for the MMPRT via MRI in 26 
patients at early and subacute stages with the gold stand-
ard arthroscopic results, while 44 patients were at chronic 
and subacute stages with some sequelae underwent high 
tibial osteotomy and conservative treatment. Overall, 
20 were true positives, 1 was false positive, 4 were true 
negatives, and 1 was a false negative. The false-positive 
case was attributed to complex tear signs that masked the 
diagnosis of root tear, while the false-negative case had 
only one MRI sign which was not enough for diagnosis of 

MMPRT. The sensitivity, specificity, accuracy, and posi-
tive and negative predictive values of MRI in the diag-
nosis of MMPRT patients were 95.24%, 80.0%, 92.31%, 
95.2%, and 80.0%, respectively, with an area under the 
curve of 0.876.

Discussion
MRI is considered the examination modality of choice in 
the assessment of MMPRT through several characteristic 
radiological features [6].

To our knowledge, this is the first study to have devel-
oped a new MRI technique with varus stress position to 
address the challenges encountered by previous studies 
with regard to the measurement of the accurate degree of 
true MME in MMPRT in MRI scans at the supine posi-
tion. This study included 70 patients who presented with 
an episode of medial or posteromedial knee pain with or 
without popping sensation.

According to the demographic data, the mean age of 
patients was 49.09 ± 8.50  years, with more predomi-
nance within female patients, and the ratio of women 
to men with MMPRT was 4:1. The mean BMI was 
31.67 ± 4.95  kg/m2, and 60% of patients were over-
weight, and the majority of the patients (55.7%) were in 
the chronic stage. This is consistent with the findings of 
Kim et al. [17], who found that MMPRT was more often 
observed in a chronic stage, especially in middle-aged 
or elderly female patients (> 40  years of age) with mild 
symptoms, degenerative changes, and commonly no 
clear history of trauma.

Regarding the risk factors of MMPRT, Hwang et  al. 
[18] found that many factors may be related to MMPRTs, 
such as high BMI of > 30  kg/m2, increased age, female 
gender, and varus malalignment. The results of this study 
were consistent with this finding, as it was found about 
90% of cases had a history of osteoarthritis (OA), 54.3% 
were elder than 50 years, the majority of patients (80%) 
were female gender, and 58.6% were obese.

Based on the patients’ clinical presentation, approxi-
mately 65.7% of the studied patients presented with 
posterior knee pain associated with popping sensation, 
which was a good indicator in the diagnosis. This is in 
line with the study by LaPrade et al. [19]] and Lee et al. 
[20] which revealed that the remember of time of painful 
popping sounds is so important to identify the duration 

(See figure on next page.)
Fig. 6 A 46‑year‑old female homemaker patient, obese (BMI = 41.4 kg/m2), presented with significant posteromedial left knee pain with a popping 
sound for 7 weeks (subacute stage) after stepping into a hole. By the comparison between the pre‑ and post‑varus stress medial meniscus 
extrusion amount (MME). Without varus stress position (a and c), the coronal PD‑SPAIR WI of the left knee shows an extruded medial meniscus of 
approximately 3.4 mm from the medial margin of the tibial plateau to the outer border of the extruded meniscus (orange arrow). With varus stress 
position (b and d), shows an increased MME amount of approximately 6.8 mm (red arrow)
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Fig. 6 (See legend on previous page.)
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of onset and treatment plan of MMPRT. On the other 
hand, it has not been investigated whether a single event 
of painful popping is a typical clinical symptom of other 
meniscal tears.

The diagnosis of meniscal root tears is considerably diffi-
cult, with a reported detection rate of 73% to 89%, even if it 
is based on characteristic MRI findings [2, 21]. The current 
results indicated that approximately 90.0% of the studied 
patients had positive MRI signs of MMPRT.

The evaluation of MRI and arthroscopic procedures is 
essential to reach a proper definite MMPRT diagnosis. In 
this study, MRI showed 95.24% sensitivity, 80.0% specific-
ity, 95.2% positive predictive value, 80.0%negative predic-
tive value, and 92.31% accuracy in diagnosing MMPRT. 
This is consistent with a systematic review published by 
Oei et al. [22], who concluded that MRI demonstrates sen-
sitivity and specificity rates of 93% and 88%, respectively, 
considering arthroscopy being the gold standard reference 
in the diagnosis of a medial meniscal tear.

In the present study, several characteristic MR findings 
have indicated the presence of MMPRT. It was reported 
that the highest detection rate of approximately 97.1% 
was observed in the MME sign. However, Choi et  al. 
[13] reported a lower detection rate of MRI-based MME 
(≥ 3 mm) in MMPRT patients (83.3%). The higher detec-
tion rate in the current study was attributed to the varus 
stress position. Overall, 88.6% of the studied patients had 
the cleft sign, 82.9% had the giraffe neck sign, 87.1% had 
ghost sign, and 65.7% had radial tear sign. The results of 
this study are consistent with those of another similar 
study conducted by Furumatsu et  al. [14] who illustrated 
that the cleft, ghost, giraffe neck, and radial tear signs were 
detected in 81.7%, 80%, 81.7%, and 69.6% of the MMPRT 
MRI images, respectively. Although the medial extrusion 
sign was most commonly observed in MMPRT (90%), it 
was found to be an indirect sign and not specific for menis-
cal root tears. Furumatsu et al. [14] detected that the coex-
istence of any two characteristic MRI signs, except for the 
medial extrusion sign, was observed in 91.7% of MMPRT 
patients. This result is consistent with that of the present 
study, which indicated a high detection rate of approxi-
mately 90.0%.

Although the presence of extruded meniscus of more 
than 3  mm was considered an indirect sign in menis-
cal root tears as reported by Bhatia et al. [11], it could be 

utilized as a further guide in MMPRT diagnosis as recom-
mended by Koo et al. [15].

In the present study, MRI technique with varus stress 
position was performed on 35 patients. In this new tech-
nique, we measured the true MME amount in MMPRT 
patients as they were exposed to postural load caused by 
the stress varus position technique that was relatively simu-
lating weight-bearing MRI and standing plain X-ray.

Moreover, it was observed that approximately two-thirds 
of studied patients (62.9%) had positive MME (MME ≥ 3) 
at  pre-varus assessment, whereas all patients (100.0%) 
showed positive MME at post-varus assessment, with a 
statistically significant difference between pre-varus MME 
(3.75 ± 1.30  mm) and post-varus MME (5.89 ± 1.52  mm). 
This finding is consistent with that of a study by Lerer et al. 
[23] who found meniscus extrusion could be considered a 
diagnostic sign for MMPRT in MRI. According to the dura-
tion of onset or the chronicity of MMPRT, the MME meas-
urements in the present study illustrated that the degree or 
amount of MME was highest in the chronic cases, followed 
by the subacute and acute cases, with a statistically signifi-
cant difference in both the pre and post-stress varus posi-
tion techniques.

In the comparison between pre- and post-varus stress 
amount of MME in all three stages of MMPRT, it was 
found that statistically significant differences were observed 
between pre- and post-varus MME amount in each stage 
of chronicity. The findings of Furumatsu et al. [14] are also 
consistent with pre-varus stress results of the MME meas-
urement in the current study. One of the positive findings 
of the present study was mentioned by Chung et al. [24], 
who found that decreased MME (3.5 ± 1.4 mm) at 1 year 
after arthroscopic repairs of MMPRT had more appropri-
ate clinical scores and radiographic features at 5-year fol-
low-up compared with increased MME (5.1 ± 1.4 mm) at 
1 year after MMPRT pullout repairs.

Concerning MRI-based associated findings of MMPRT, 
the current study showed that 30.0% of the studied patients 
of MMPRT had associated ACL tear, whereas only 2.9% of 
them had PCL tear, which is consistent with the findings 
of Lee et al. [25] and Ra et al. [26], who stated that acute 
medial meniscal root tears could occur as a result of mul-
tiligamentous injuries in the knee joint, such as ACL and 
PCL tears.

Fig. 7 A 54‑year‑old female employee, obese (BMI = 39.6 kg/m2), presented with a sudden onset of posteromedial right knee pain with a popping 
sound after a twisting injury. The patient had difficulty climbing the stairs and squatting for one week (acute or early period). By the comparison 
between the pre‑ and post‑varus stress medial meniscus extrusion amount (MME). Without varus stress position (a and c), the coronal PD‑SPAIR WI 
of the right knee shows a negative extruded medial meniscus of approximately 2.5 mm from the medial margin of the tibial plateau to the outer 
border of the extruded meniscus (orange arrow). With varus stress position (b and d), the MME changed from negative to positive extrusion of 
approximately 4.5 mm (white arrow)

(See figure on next page.)
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Fig. 7 (See legend on previous page.)
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On the other hand, 54.3% of patients showed positive 
subchondral bone marrow edema based on current results, 
which is consistent with the findings of a previous study by 
Bhatia et  al. [11], who found that ipsilateral tibiofemoral 
compartment bone marrow edema is more common when 
MMPRT is present.

Regarding the treatment of MMPRTs, the current results 
showed that the majority of patients underwent valgus 
HTO, only 10.0% in the acute stage underwent arthros-
copy, 27.1% underwent both valgus HTO and meniscal 
arthroscopic repair, and 20% underwent conservative ther-
apy. That is why only a small part of the study group had an 
arthroscopic reference standard. This finding is consistent 
with that of Chung et al. [27], who demonstrated that in the 
case of MMPRT associated with varus misalignment, oste-
otomy should be performed either alone or with another 
surgical intervention.

The present study has strength points, including the pro-
spective design, confirmatory arthroscopic reference, and 
information on the new MRI technique with varus stress 
position in measuring the true MME amount that could 
solve the problem related to inadequate extrusion meas-
urement performed via supine non-weight-bearing MRI.

However, this study has several limitations, such as the 
limited number of cases that are screened via MRI and 
confirmed arthroscopically because the majority of the 
cases in the current study were in the chronic stage who 
underwent either osteotomy or conservative treatment, as 
well as the unavailability of weight-bearing upright MRI 
to compare it with the results of MME measurements 
performed using the MRI technique with varus stress.

Conclusion
MRI has been proven to be highly accurate in detect-
ing MMPRT. Therefore, it is considered the imaging of 
choice technique for diagnosing MMPRT through sev-
eral direct and indirect characteristic MRI signs. The 
new MRI technique with varus stress position has shown 
clinical importance in assessing the presence of MME 
in non-extruded pre-varus MRI and in measuring the 
accurate degree of severity of true extruded meniscus in 
MMPRT. The final goal of this study is to help orthope-
dic surgeons choose the most favorable treatment strat-
egy for MMPRT based on the duration or chronicity of 
the root tear, associated risk factors, and/or the accurate 
degree of severity of true MME.
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