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Widening of the popliteal hiatus on sagittal MRI view plays a critical
role in the mechanical signs of discoid lateral meniscus
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Abstract

Purpose This study was undertaken to elucidate the clinical significance of widening of the popliteal hiatus on magnetic
resonance imaging (MRI) after a torn discoid lateral meniscus (DLM).

Methods Included are 125 knees with meniscal disorders after arthroscopic surgery, divided according to preoperative MRI
and symptoms into group A (torn DLM with mechanical symptoms,11 knees); group B (torn DLM without mechanical
symptoms,41 knees); group C (asymptomatic DLM, 19 knees); and group D (medial meniscal tears, 54 knees). Popliteal
hiatus width was measured on sagittal and coronal MRI. During arthroscopy, total meniscectomy or central partial menis-
cectomy combined repair of the remaining part was performed in group A and group B. Outcomes were evaluated with MRI,
the Tegner, Lysholm Knee Scoring Scale, and visual analog scale (VAS) scores.

Results The preoperative width of the popliteal hiatus was significantly larger in group A than in groups C and D (P <0.05)
on both views. Group A had a wider popliteal hiatus on sagittal view compared with group B (P <0.05); group B had a wider
popliteal hiatus on coronal view compared with group D (P <0.05). The width of the popliteal hiatus on sagittal view was
significantly reduced after surgery in group A (P <0.05). In groups A and B, Lysholm and Tegner scores were improved,
while VAS scores were reduced (all P <0.05).

Conclusion Widening of the popliteal hiatus on MRI was correlated with torn DLM and accompanied mechanical symptoms.
Arthroscopic central partial menisectomy and stabilization of the posterior part of the middle body anterior to the popliteus
tendon were effective for the treatment of torn DLM. These findings may help guide appropriate treatment for torn DLM.
Level of evidence II.
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Introduction [5, 8, 13, 16, 23]. Watanabe et al. first divided the DLM into

three types: complete, incomplete, and Wrisberg [8, 23]. The

A discoid lateral meniscus (DLM) has an enlarged thickness
and width of the meniscus, in addition to a different ultra
structure compared with the normal lateral meniscus [5, 8,
17]. The incidence of DLM is higher in Asian populations

Zhou Li and Weijie Fan contributed equally to this work and
should be considered as co-first authors.

< Zhu Dai
oliverdai @hotmail.com

Department of Orthopedics, The First Affiliated Hospital
of University of South China, Hengyang 421001, Hunan,
China

Department of Radiology, The First Affiliated Hospital
of University of South China, Hengyang 421001, Hunan,
China

predisposition of the DLLM to tear is multifactorial and is,
in part, due to abnormal morphology and structure and the
degree of shear force is placed on the abnormal substance
of the DLM.

Discoid lateral meniscus is generally asymptomatic,
unless there is a tear in the meniscal tissue or instability
of the peripheral rim. Pain over the lateral compartment
is the most common presenting symptom, with occasional
mechanical symptoms including snapping and locking
[8]. The peripheral rim instability plays an important role
in mechanical symptoms, which most likely present with
tears in adult patients [17, 22]. According to Klingele et al.,
peripheral rim instability has a prevalence of 28.1% for
symptomatic DLM, and it most commonly involves the ante-
rior third (47.2%) of the meniscus, followed by the posterior
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third (38.9%), and less frequently, the middle third (11.1%)
[11]. On magnetic resonance imaging (MRI), findings such
as parameniscal edema, shape deformation, and meniscal
displacement can alert one to the presence of instability
in the setting of DLM [17]. Ahn et al. divided DLM into
anterocentral shift, posterocentral shift, central shift, and no
shift using MRI. These divisions are based on the anatomic
location in the joint into which the meniscus is displaced
[3]. However, the degree of instability in DLM was difficult
to confirm on MRIL

The lateral meniscus has no attachments to the lateral
collateral ligament, with a thin and loose posterior capsule,
and there is an interruption of its capsular attachments at the
popliteal hiatus. The lateral meniscus connects to the popli-
teus tendon through the popliteomeniscal fascicles (PMFs)
and has greater mobility than the medial meniscus. Injury to
the posterolateral part of lateral meniscus results in menis-
cal hypermobility and subluxation, which are characterized
by mechanical symptoms, such as snapping and locking [1,
22]. A previous study showed the widening of the popliteal
hiatus of the lateral meniscus on MRI leading to recurrent
subluxation of the nondiscoid lateral meniscus [14]. DLM
had a high rate of peripheral rim instability, high predisposi-
tion to tear, and common mechanical symptoms. However,
studies regarding MRI evaluation of the popliteal hiatus of
DLM have never been reported before.

Hence, the purpose of this study was to investigate the
relationship between the width of the popliteal hiatus on
MRI and tears of the DLM, to investigate the role of gen-
eration of mechanical symptoms after torn DLM, and to
document the clinical results and technical aspects of arthro-
scopic surgery of this condition. It was hypothesized that (1)
a torn DLM would have a wider popliteal hiatus on coronal
or sagittal MRI compared with the normal lateral meniscus
and asymptomatic DLM; (2) the group with a torn DLM and
mechanical symptoms would have widening of the popliteal
hiatus on sagittal MRI compared with torn DLM without
mechanical symptoms; and (3) central partial meniscectomy
and repair of the posterior part of the middle body anterior
to the popliteus tendon under arthroscopy would be an effec-
tive treatment for torn DLM. This work would help guide
appropriate treatment for torn DLM.

Materials and methods

Approval for this study was obtained from the ethics com-
mittee of the University of South China (NO.2016002) and
written informed consent was obtained from each patient
included in this study. Three hundred sixty-four knees (of
355 patients) with meniscal disorders were treated arthro-
scopically by the senior surgeon in the department of ortho-
pedics from January 2016 to March 2018. Included were
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patients without a history of acute knee injury and ligament
tear. Excluded were patients with combined injury of the
knee ligaments (n=64), patients younger than 16 years
(n=06), patients older than 55 years (n=62), or those with
lateral osteoarthritis of grade 2 or higher on the Kell-
gren—Lawrence scale on radiographic examination (n=1).
Patients whose radiologic images were performed in other
hospitals (n=17) and those with grade 3 tears and defects
of the posterior horn and body (n=2) of the lateral menis-
cus were also excluded because an exact examination of the
popliteal hiatus could not be performed. Patients with torn
nondiscoid lateral meniscus (n=79) were not discussed in
this study and were, therefore, excluded. As for DLM, the
Wrisberg variant (n=3; two patients) and noncomplete vari-
ant (n=2) according to the Watanabe classification [23] and
those with an anterocentral shift (n=1) and posterocentral
shift (n=4) tear type according to Ann et al. [3] were also
excluded. Two patients with a torn DLM on one side and no
symptoms on the contralateral side received an MRI exam
on both sides. If DLM was found on the asymptomatic side,
these patients were also included in this study. Finally, 125
knees (115 patients) were included in this study and were
divided into 4 groups (Table 1). Group A: torn DLM with
mechanical symptoms of the lateral side of the knee includ-
ing snapping and sudden locking. Group B: torn DLM
without mechanical symptoms. Group C: asymptomatic
complete DLM found in knees with medial meniscal tears
and two knees with torn DLM on the contralateral side as
mentioned previously; Group D: normal lateral meniscus
with medial meniscal tears.

All MRI examinations were performed with a Philips
Ingenia 3.0 T MRI scanner (Philips, Amsterdam, Neth-
erlands). Coronal and sagittal images (2.5 mm slices)
were obtained with the patient supine and the knees fully
extended. The MRI images were read on a picture archiving
and communication system (PACS) similar to the previous
study [14], and measurements were performed automatically
to within one decimal point of accuracy with the built-in line
tool. The short tau inversion recovery (STIR) image slices
(both views) with the largest popliteal hiatus width were
chosen for the study measurements. The slices were identi-
fied by drawing a line parallel to the lateral tibial plateau

Table 1 Characteristics of the groups

Groups Characteristics

Group A Torn DLM with mechanical symptoms, including
snapping and sudden locking

Group B Torn DLM without mechanical symptoms

Group C Asymptomatic complete DLM, with or without
medial meniscal tears

Group D Normal lateral meniscus with medial meniscal tears
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from the middle point of the edge of the lateral meniscus
to the popliteus tendon in both views (Fig. 1). The MRI
measurements were performed by a radiologist with 10 years
of experience specializing in the musculoskeletal system;
the radiologist was blinded to the clinical information.
The radiologist performed a second set of measurements
4 weeks after the first set and recorded the mean value. The
test—retest reliability was tested using the intraclass corre-
lation coefficient (ICC) with a two-way mixed model and
with absolute agreement. ICC levels were classified as poor
(0-0.2), fair (0.3-0.4), moderate (0.5-0.6), strong (0.7-0.8),
and excellent> 0.8 [15].

All patients in group A and group B were reexamined
at 1, 2, 3, and 6 months and then annually after the opera-
tion. All patients were followed for more than 24 months
(average 26 months). The width of the popliteal hiatus was
reassessed at 6 months or more postoperatively using MRI
scanning in six patients (seven knees) from group A; these
patients received central partial meniscectomy and repair of
the posterior part of the middle body anterior to the popliteal
hiatus. Preoperative and postoperative knee functions were
estimated using Lysholm scores, the Tegner activity scale,
and visual analog scale (VAS) pain scores, all of which were
compared. The treatment and follow-up data for group C and
group D are not discussed in this study.

Statistical analysis

Statistical analysis was performed using SPSS version
19.0 statistical software (IBM Corp, Armonk, NY, United
States). The width of the popliteal hiatus was expressed as
mean + standard deviation. If the data were not normally
distributed, the results were presented as median values.
Differences in MRI measurements among the groups were
analyzed using a Student ¢ test. Values within group A were
analyzed by paired ¢ test. In group A and group B, compari-
sons of preoperative and postoperative Lysholm scores were
performed with the paired ¢ test. Tegner scores and VAS
scores were assessed using the nonparametric Wilcoxon
signed-rank test. An o level of 0.05 indicated significance.

Fig. 1 Measurement of the pop-
liteal hiatus on MRI. a Coronal
view. b Sagittal view. Red line:
popliteal hiatus width

Sample size was estimated utilizing MedSci sample size
tools (version 2.1, MedSci, Shanghai, China), accepted a
error was 0.05, and the P error was 0.2 to ensure a power
of 80%. The calculation revealed that it was necessary to
include at least 9 patients in group A and 36 patients in the
control group.

Results

Group A included 11 knees (10 patients) with confirmed
torn DLM by MRI and arthroscopy. The average symptom
duration in this group was 18.2 months (range, 1 month to
10 years). All patients had pain on the lateral side, tender-
ness on the lateral joint line, and exhibited mechanical symp-
toms including snapping (n=2) and sudden locking (n=2)
or both (n=7). McMurray tests were positive in 9 knees and
Apley compression tests were positive in 11 knees. Group B
included 41 knees (38 patients) with confirmed torn DLM
and had symptoms and signs similar to group A but without
mechanical symptoms. The average symptom duration in
this group was 25.4 months (range, 1 month to 10 years).
Group C included 19 knees of asymptomatic complete
discoid meniscus. Seventeen of these knees had a medial
meniscus tear without pain on the lateral side and no tender-
ness on the lateral joint line. DLM was found incidentally
on MRI and confirmed by arthroscopy. Another two knees
included in group C had been mentioned above. Group D
included 54 knees (50 patients) with no history of lateral
knee pain or tenderness; all patients had medial meniscal
tears, but none had abnormalities of the lateral meniscus on
MRI or arthroscopy. The four groups were similar in terms
of age, sex, and body mass index.

In group A, total meniscectomy was performed in four
knees because of a large, longitudinal tear of the poster-
olateral peripheral rim and degeneration of the meniscus
tissue (Fig. 2). Central partial meniscectomy and repair of
the posterior part of the middle body anterior to the pop-
liteal hiatus using 1-2 outside-in vertical mattress sutures
were performed in seven knees. Those with hypermobility
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Fig.2 Image from 1 case in
group A. a The popliteal hiatus
on coronal MRI was 12.7 mm.
b The popliteal hiatus on sagit-
tal MRI was 10.9 mm. Red line:
popliteal hiatus width

of the posterolateral part of the remaining lateral meniscus
were identified by careful probing (Fig. 3). In group B, total
meniscectomy was performed in two knees, and central par-
tial meniscectomy was performed first in another 39 knees,

Fig.3 Image from 1 case in
group A. a, b The popliteal hia-
tus on coronal and sagittal MRI
was 7.2 mm and 2.2 mm respec-
tively. ¢ The enlarged popliteal
hiatus under arthroscopy. d The
width of the popliteal hiatus
was reduced after tightening

by 2 vertical mattress sutures.
e, f The coronal and sagittal
view on the postoperative MRI
shows the reduced width of the
popliteal hiatus was 1.9 mm
and 1.7 mm. Red line: popliteal
hiatus width
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posterolateral peripheral rim instability was found by careful
probing in sevens knees, and repair of the posterior part of
middle body anterior to the popliteus tendon was performed.
The repair of the posterior part of the popliteal hiatus behind

Sagittal
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the popliteus tendon was achieved using one Fast-Fix (Smith
& Nephew, Andover, MA, United States) simultaneously in
three knees.

The ICC was greater than 0.9 for all the measurements of
the popliteal hiatus width on the coronal and sagittal view;
the two measurements were reliable. On the coronal MRI
view, the width of the popliteal hiatus was significantly
larger in group A compared with that of groups C and D
(P <0.05). Further, the width was larger in group B com-
pared with that of group D (P <0.05), and there was no sig-
nificant difference between group A and B, and group C and
D (n.s.). On sagittal MRI, the width of the popliteal hiatus
was significantly larger in group A than in group B, C, and
D (P <0.05), and there was no significant difference within
group B, C, and D (n.s.; Table 2).

In group A and group B, all patients were followed for
more than 24 months (average 26 months). During follow-up
examination, symptoms of knee pain were relieved, and all
patients had a negative McMurray test and Apley grinding
test. Symptoms of locking and snapping in group A were
resolved. In group A, six patients (seven knees) who received
central partial meniscectomy and repair of the posterior part
of the middle body anterior to the popliteal hiatus underwent
repeat MRI at 6—12 months postoperatively, and the width
of the popliteal hiatus was significantly decreased on sagit-
tal view (P <0.05) but similar on coronal views (n.s.). The
width of the popliteal hiatus was similar to those of group B,
C, and D (n.s.). One-year and 2-year postoperative Lysholm
and Tegner scores were also significantly improved vs the
preoperative scores (P <0.05), and the VAS pain scores were
significantly reduced (P <0.05). There were no significant
differences between group A and group B (n.s.; Table 3).

Discussion

There were three important findings in the current study. The
first was that a tear of the DLM was accompanied by wid-
ening of the popliteal hiatus on coronal view or both views
on MRI. The second was that the widening of the popliteal
hiatus on sagittal MRI was correlated to the mechanical
symptoms of a torn DLM. The third was that central partial

Table 2 Diameters of the popliteal hiatus

Table 3 Comparison of clinical outcomes of Group A and Group B
(mean +SD)

Variables Preoperative 1 Years 2 Years
postoperative postoperative
Group A (n=11)
Lysholm scores ~ 65.4+9.1 93.1+2.3% 93.5+1.5%
Tegner scores 3.0(3.0-4.0) 6.0 (5.0-7.0)* 6.5(5.0-7.0)*
VAS scores 2.8+04 1.0+0.6* 0.6+0.7*
Group B (n=41)
Lysholm scores ~ 65.3+8.6 92.0+4.3% 92.5+3.7*
Tegner scores 3.0(3.0-4.0) 6.0 (5.0-7.0)* 6.5(5.0-7.0)*
VAS scores 2.8+04 0.8+0.4* 0.6+0.5*

*Significant difference compared with preoperative, P <0.05

meniscectomy and suture repair of the posterior part of the
middle body anterior to the popliteus tendon were effective
in securing the stability of the remaining meniscus tissue of
the torn DLM.

The DLM has a high rate of peripheral rim instability
compared with the normal lateral meniscus. Klingele et al.
reported 28.1% of DLM had peripheral rim instability [12].
Ahn et al. [2] and Hagino et al. [6] also reported 33.7% (30
out of 89 cases) and 15.4% (6 out of 39 cases), respectively,
of DLM had severe peripheral rim instability. These authors
found peripheral rim instability of the torn and symptomatic
DLM under arthroscopy. On MRI, Kang MS et al. found
displacement of the middle part of the DLM on coronal view
passing through the center of the lateral tibial plateau, and
displacement of the anterior or posterior horn on sagittal
view in children with torn DLM, a prediction of peripheral
rim instability [9]. Recently, Kim JH et al. found peripheral
rim instability not only in torn DLM, but also in intact DLM.
They found that the anterior horn and posterior horn insta-
bilities were greater in the intact DLM than in the normal
lateral meniscus. They concluded that the peripheral rim
instability of the DLM was congenital [10].

The DLM is predisposed to tears, with the complete type
being more frequently affected than the incomplete type. The
peripheral rim instability of the DLM is also the cause of
the vulnerability of the DLM, and tears including horizontal,

Parameter Group A (n=11) Group B (n=41) Group C (n=19) Group D (n=54) Postoperative Group A (n=7)

Diameter of pop- 5.6+3.8 3.8+3.5 2.5+2.3% 2.6+1.7+ 3.0+09
liteal hiatus 3.6+2.9 1.3+1.5% 1.4+1.7% 1.6 +1.0* 23+0.7*
Coronal

Sagittal

Diameter of the popliteal hiatus values are in millimeters. Data in parentheses are presented as means + standard deviations

*Indicate significant difference compared with Group A

# Indicate significant difference compared with Group B
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longitudinal, radial, and complex in the DLM will increase
instability [11, 17, 24]. In the current study, in group A and
B, with a tear in the DLM, the peripheral rim instability
becomes inevitably aggravated, with resultant widening of
the popliteal hiatus on coronal view or both coronal and
sagittal view.

In accordance with Smillie’s 1948 original explanation of
snapping in DLM, mechanical signs such as snapping and
locking come from instability or meniscal tears that permit
a large meniscal fragment to migrate freely [17]. Mechani-
cal signs were common in torn DLM. In anterior peripheral
rim instability, posterior subluxation and anterior reduction
of the anterior horn are suggested to generate the clicking
symptom [9]. Knees with anterior peripheral rim instabil-
ity were excluded in this study because of the difference
in the mechanism of mechanical signs compared with that
of group A. In Wrisberg DLM, there is a lack of posterior
meniscal attachments resulting in meniscal hypermobility,
and the meniscus tissue subluxates anteriorly on flexion,
often producing a clunk when reducing in extension [7].
Hypermobility or recurrent subluxation of the lateral menis-
cus has drawn more attention in recent years. It is a condi-
tion in which the posterior portion of the lateral meniscus
has excessive mobility, either because of congenital absence
of or injury to the posterior capsulomeniscal attachment;
however, these series did not include DLM cases [1, 14, 19,
22]. In a torn DLM, the peripheral rim instability gradually
aggravated or acutely into a longitudinal tear of the periph-
eral rim after trauma, followed by progressive posterolat-
eral meniscal displacement. The meniscal displacement then
would progress to mechanical signs just like hypermobility
or recurrent subluxation of the lateral meniscus.

The popliteal hiatus is an oblique anterolaterally directed
oval-shaped tunnel defined by the superior and inferior PMF
of the lateral meniscus, which permits the popliteus tendon
to pursue its course. The popliteal hiatus is an important
component of the posterolateral structure of the knee and is
a key contributor to the stability of the lateral meniscus [4,
14]. On coronal view of the MRI, the width of the popliteal
hiatus theoretically indicates the loosening of the attachment
of the posterior horn and capsule. The more the anterior dis-
placement of the posterior horn, the wider the gap between
the meniscal edge and the popliteus tendon. On sagittal
MRI, the more medial displacement of the middle part of
the lateral meniscus, the larger the gap between the meniscal
edge and the popliteus tendon, which indicates the stability
of the middle part of the lateral meniscus. Although group
B had a similar width of the popliteal hiatus compared with
group C, it had an increased width of the popliteal hiatus on
coronal view but not on sagittal view compared with group
D. Mobility of the posterior horn increased mainly anteriorly
and the range was limited. In group A, both the width of the
popliteal hiatus on coronal and sagittal view was increased
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compared with group C and group D, which indicates the
loosening of the posterolateral part of the DLM including
the posterior horn and posterior part of the middle body.

In torn DLM, the mechanical symptoms group had a
wider popliteal hiatus on sagittal view but not on coronal
view compared with that of the group without mechanical
symptoms. This indicated that the stability of the middle
body of the lateral meniscus anterior to the popliteus tendon
was critical to the production of mechanical symptoms. In
the middle body of the DLM, the middle perforating bundle
is tightly connected with the joint capsule; here, horizontal
cleavage tears occur more frequently than longitudinal tears
[17]. In Klingele et al.’s study, the peripheral rim instability
of the middle part was much less than that of the anterior
horn and posterior horn [11]. Kim JH et al. found inborn
peripheral rim instability in the anterior horn and posterior
horn in comparison to the normal lateral meniscus, but the
stability of the middle body was similar [9]. Inability of the
posterolateral part of the lateral meniscus was associated
with injury of the PMF [9, 12]. In Suganuma J et al.’s study,
in nondiscoid lateral meniscus, a significantly high incidence
of abnormal posterosuperior PMF was found in recurrent
subluxation of the lateral meniscus and contralateral knees.
However, abnormal anteroinferior PMF was found only
in the knee joints with recurrent subluxation of the lateral
meniscus. They concluded that an abnormal anteroinferior
PMF is, therefore, the essential lesion to allow the at-risk lat-
eral meniscus to become unstable enough for locking symp-
toms [20]. The posterosuperior PMF covers the posterosupe-
rior aspect of the popliteus tendon [4, 18, 21], any injury of
which would increase the anterior displacement of the pos-
terior horn and widen the popliteal hiatus on coronal view.
The anteroinferior PMF covers the anteroinferior aspect of
the popliteus tendon [4, 18, 21], any injury of which would
lead to medial displacement of the middle body of the DLM
and widen the popliteal hiatus on sagittal view in the cur-
rent study. In peripheral rim instability DLM knees, suture
repair of the middle part of the remaining meniscal tissue
anterior to the popliteal hiatus was essential. In group A and
part of group B, we used vertical mattress sutures to reduce
the stability of posterolateral part of the lateral meniscus;
the result on clinical follow-up was improved. Interestingly,
on postoperative MRI of group A, the width of the popliteal
hiatus was only decreased on sagittal view but not on coronal
view; however, the mechanical symptoms had resolved.

This study has several limitations. First, there was no
control group of individuals with normal knees. Second,
the popliteal hiatus was not measured under arthroscopy
because of the limited field and, therefore, did not compare
with the measurement on MRI. Third, the measurements
were based on routine coronal and sagittal views of MRI,
with a 2.5 mm slices, the slices we selected may not have
been exactly the widest portion of the popliteal hiatus. An
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oblique view along the axis of the popliteal hiatus should be
used in future studies to reduce this bias. However, this study
describes the relationship between the widening of the pop-
liteal hiatus and the torn DLM. This study emphasizes the
importance of the posterior part of the middle body anterior
to the popliteus tendon, and these findings may help guide
appropriate treatment for torn DLM.

Conclusions

Widening of the popliteal hiatus on MRI was correlated with
torn DLM and accompanied mechanical symptoms. Arthro-
scopic central partial menisectomy and stabilization of the
posterior part of the middle body anterior to the popliteus
tendon were effective for the treatment of torn DLM.
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