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bearing tunnel view using X-ray in the short
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Abstract

Background This study aimed to examine whether the non-weight-bearing tunnel view X-ray is effective for short-
term evaluation of medial meniscus posterior root tear (MMPRT) by assessing the X-ray characteristics at the initial
and follow-up visits.

Methods This was a retrospective longitudinal study of 26 enrolled knees diagnosed with MMPRT on magnetic
resonance imaging. The distance between the medial tibial eminence and medial femoral condyle (MTE-MFC
distance) and medial tibiofemoral joint (MTFJ) width were measured by obtaining non-weight-bearing tunnel view
and frontal view X-ray radiographs. The initial and follow-up values at a median interval of 17 days were compared.
Additionally, the correlations between the MTE-MFC distance increase rate and body mass index (BMI), age,
femorotibial angle (FTA), and posterior tibial slope (PTS) were evaluated using linear regression analysis.

Results The tunnel view images of the initial and follow-up X-rays showed a significant increase in the MTE-MFC
distance and a significant decrease in the MTFJ width. Furthermore, a moderate correlation was observed between
the change in the MTE-MFC distance and the time interval between X-rays. However, no substantial correlation was
observed for the change in the MTFJ width over time. Moreover, no significant correlation was observed between the
change in the MTE-MFC distance in the non-weight-bearing tunnel view and BMI, age, FTA, and PTS.

Conclusions The non-weight-bearing tunnel view is highly beneficial for evaluating MMPRT progression in the short
term.

Keywords Knee, Knee evaluation, Medial meniscus posterior root tear, Menisci, Short-term progression, Tunnel view,
X-rays
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Background

A medial meniscus posterior root tear (MMPRT) is
defined as a radial tear<10 mm from the medial menis-
cus posterior root attachment site, an oblique tear
involving the root attachment, or an avulsion of the root
attachment [1, 2]. Once MMPRT occurs, the hoop action
breaks down, and posteromedial extrusion of the medial
meniscus occurs [3]. Magnetic resonance imaging (MRI)-
based studies have reported that medial meniscal extru-
sion (MME) progresses in the short term when MMPRT
is triggered, and the more the MME progression, the
worse the prognosis [4]. It is a disease that widely dis-
rupts the structure and function of the knee joint and
progresses to subchondral insufficiency fracture of the
knee and rapid progression to osteoarthritis of the knee
[5-7]. Furthermore, nonsurgical treatment of MMPRT
has been shown to result in poor outcomes [8]. Therefore,
proper evaluation and treatment selection are important.

MRI and ultrasonography have been reported to be
methods for evaluating MME with MMPRT [9, 10]. It
is possible to evaluate the meniscus and articular carti-
lage in detail using MRI [9]. However, MRI is expensive,
not widely available, and unsuitable for frequent imaging
[11]. Ultrasonography is useful for evaluating MME, but
it is difficult to assess the bony nature of deep joints [10].
Conversely, X-ray is a simple, inexpensive, and widely
used method. Thus, it is important to evaluate the use-
fulness of X-rays. Recently, Rosenberg and non-weight-
bearing tunnel views have been reported to be useful
methods for evaluating the initial diagnosis of MMPRT
[12, 13]. These methods, which are based on imaging of
knee flexion, reflect MME and have been reported to
show a decrease in the medial tibiofemoral joint (MTFJ)
width and an increase in the distance between the medial
tibial eminence and medial femoral condyle (MTE-MFC
distance) in the affected knee compared with the contra-
lateral knee [12, 13]. However, no study has been con-
ducted on short-term X-ray evaluation methods after
MMPRT.

We hypothesized that the non-weight-bearing tunnel
view could be a useful indicator for short-term evaluation
in MMPRT. Therefore, this study aimed to investigate the
X-ray characteristics, including the femorotibial angle
(FTA) by the total length of the lower limbs, posterior
tibial slope (PTS) by the lateral view, MTE-MFC distance
by the frontal and non-weight-bearing tunnel views, and
MTE] width by the frontal and non-weight-bearing tun-
nel views, at the initial visit and next follow-up. Further-
more, the usefulness of the non-weight-bearing tunnel
view in patients with MMPRT was examined by confirm-
ing the changes in the MTE-MFC distance and MTF]
width after MMPRT.
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Fig. 1 Flowchart of participant selection. BMI: body mass index, PP: P
popliteal painful popping, and K-L grade: Kellgren-Lawrence classification
grade

Methods

Study population

This was a retrospective longitudinal study using the
medical records of 118 knees diagnosed with MMPRT
using MRI in the outpatient clinic at Nihon Koukan
Hospital, Japan, between April 2020 and June 2023 to
investigate the X-ray characteristics at the initial visit
and follow-ups. MMPRT was diagnosed using the ghost
sign on the sagittal view and the cleft sign on the coro-
nal view in MRI [14]. The inclusion criteria included (1)
received within two months of clear popliteal painful
popping, (2) Kellgren—Lawrence classification grade<2,
(3) available X-ray radiography records for the frontal,
total length of the lower limbs, lateral, and tunnel views,
and (4) available follow-up X-ray within two months of
the initial visit. After applying these criteria, 26 knees
were included in the analysis. Of the 26 knees, 17 were
treated surgically after MMPRTs were confirmed via
arthroscopic procedures. Figure 1 shows a flow diagram
of the patient selection process. The patients were with-
out a previous ligament and/or meniscal injury, previous
fracture around the knee, rheumatoid arthritis, or menis-
cus tear other than MMPRT diagnosed on MRL

X-ray measurements

X-rays of the total length of the lower limbs on weight-
bearing were taken (Sonialvision G4, Shimizu Medical
Systems and Equipment, Japan) while the patient was
standing with maximum knee extension with weight-
bearing. FTA measurements of the affected side of the
knee were performed using X-rays of the total length of
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the lower limbs. FTA is the angle between the femoral
and tibial anatomical axes, which is particularly useful for
diagnosing knee deformities such as osteoarthritis. The
femoral anatomical axis is a line connecting the centers
of the femoral shaft 10 cm above the intercondylar notch
to the intercondylar notch, whereas the tibial anatomi-
cal axis is a line connecting the centers of the tibial shaft
10 cm below the tibial plateau to the tibial plateau. The
angle measured at the point where these two axes inter-
sect is considered the FTA.

X-rays of the lateral view of the knee were obtained
with overlapping femoral condyles as true lateral X-ray
projection. PTS measurements were performed using
X-rays of the lateral view of the knee. PTS is the angle
between the tangent to the medial tibial plateau and a line
perpendicular to the posterior tibial cortex [15]. Despite
its simplicity in measuring PTS, adjusting for overlapping
femoral condyles plays an important role and is a reliable
landmark for true lateral X-ray projection [16].

Several methodologies have been established for cap-
turing the tunnel view, including the Holmblad method
(non-weight-bearing, 70° flexion), Béclere method
(non-weight-bearing, 60° flexion), Camp-Coventry
method (non-weight-bearing, 40°~50° flexion), Rosen-
berg method (weight-bearing, 45° flexion), and Schuss
view (weight-bearing, 30°~40° flexion) [17, 18]. The non-
weight-bearing tunnel view was obtained by positioning
the patient prone and flexing their knee 60° over an angle
block and sandbag, thus facilitating an anteroposterior
vantage point [13]. The X-ray beam was meticulously
configured to be parallel to the tibial plateau.

According to the tunnel and frontal views, the MTE
line was crafted to be perpendicular to the tangent line
to both the medial and lateral condyles and pass through
the apex of the medial tibial eminence. Similarly, the
MEC line was established perpendicular to the tangent
line of the medial and lateral condyles of the femur and
through the posterior aspect of the medial femoral con-
dyle. The MTE-MEC distance was assessed using these
lines according to the Kodama method (Fig. 2). Finally,
the MTEF] width was determined by measuring from the
center of the MFC to the center of the medial tibial pla-
teau (Fig. 3).

MME measurements on MRI

Only MME measurements at the level of the intercon-
dylar eminence on coronal (T2*) scans were analyzed.
They were taken by initially drawing a vertical line at the
medial margin of the tibial plateau. MME was defined as
the length of the second line extending from the first line
to the medial margin of the meniscus [19]. Osteophytes
were excluded when determining the medial margin of
the tibial plateau [20].
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Fig. 2 Frontal (@) and non-weight-bearing tunnel (b) view measurements.
The MTE-MFC distance (black arrow) is the distance between the MTE and
MFC. The MTE line is drawn perpendicular to the line tangent to the me-
dial and lateral condyles. The MFC line, similar in its perpendicularity to
the medial and lateral condyles of the femur, is drawn in tangent to the
posterior aspect of medial femoral condyle

a B b

Fig. 3 Frontal (@) and non-weight-bearing tunnel (b) view measurements.
The MTFJ width was calculated. The black arrow signifies the distance
taken to measure the MTF) width from the center of the MFC to the me-
dial tibial plateau center. MTFJ: medial tibiofemoral joint and MFC: medial
femoral condyle

Statistical analysis

Continuous variables were presented as median and
interquartile range. Changes in X-ray measurements
between the first and follow-up X-rays were evaluated
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using the Wilcoxon signed-rank test. Linear regression
analysis was performed to evaluate changes in the MTE-
MEFC distance and MTF]J width in the tunnel view with
X-ray interval (days). Furthermore, linear regression
analysis using Pearson’s correlation coefficient was per-
formed to evaluate the correlation between body mass
index (BMI), age, FTA, and PTS and the MTE-MFC
distance increase rate (mm/day). All statistical analyses
were performed using StatFlex version 7 (Artech Co.,
Ltd.). P-values of <0.05 indicated statistical significance.
R*>0.6, R*>0.4, and R*<0.4 indicated good, moder-
ate, and poor correlations, respectively. The sample
size was estimated with a minimum statistical power of
80% (x=0.05). The required sample size was 21, and 26
patients were finally included in this study. The sample
size was calculated using G*Power version 3.1.9.7 (Uni-
versitit Kiel, Kiel, Germany).

Reproducibility

The measurement of FTA, PTS, MTE-MFC distance,
and MTF] width were retrospectively assessed by two
orthopedic surgeons who were blinded. These repeated
assessments were conducted at a minimum of a 2-week
interval. These measurements were evaluated using intra-
class correlation coefficients to determine the intra- and
interobserver reproducibility: intraobserver: 0.90-0.98;
interobserver: 0.91-0.96.

Results

Table 1 shows the characteristics of the study partici-
pants. The median age of the participants was 65 years
(59.0-76.0 years). Regarding physique, the median BMI
was 25.6 kg/m? (23.2-28.9 kg/m?). The median angles of
FTA and PTS were 177.1° (172.7°-183.1°) and 8.0° (4.4°—
9.2°), respectively. The median time elapsed from sustain-
ing an injury to the first X-ray was 14 days (3—-26 days).
Additionally, the median time interval from the initial to
follow-up X-rays was 17 days (13-31 days).

The comparison between the initial X-ray examina-
tion and subsequent follow-up frontal view radiographs
revealed no notable alterations in the MTE-MFC dis-
tance or MTF] width (P=0.39 and P=0.07, respectively;
Table 2). In contrast, images obtained from the non-
weight-bearing tunnel view showed a significant increase
in the MTE-MFC distance and a significant decrease
in the MTFJ width (P<0.01 and P<0.01, respectively;
Table 2).

Figure 4 shows the linear regression analysis of AMTE—
MEC distance and AMTEF] width in the non-weight-
bearing tunnel view with the X-ray interval. A moderate
correlation was observed between AMTE-MEFC distance
and the X-ray interval (R?=0.53, P<0.01, slope=0.009).
However, poor correlation was observed between
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Table 1 Characteristics of the participants

All participants

(N=26)
Sex (male/female) (n) 11/15
Affected side (right/left) (n) 12/14
Age (years) 65.0 (59.0-76.0)
Weight (kg) 63.6 (57.0-77.3)
Height (cm) 159.0
(154.0-165.6)
BMI (kg/m?) 25.6(23.2-28.9)
FTA (°) 1771
(172.7-183.1)
PTS () 8.0 (4.4-9.2)
Duration from injury to the first radiography (days) 14.0 (3.0-26.0)
Interval from the initial to the follow-up radiography ~ 17.0 (13.0-31.0)
(days)
MME (mm) 3.7 (3.0-5.3)

Data were presented as the median (interquartile range: Q1-Q3)

BMI: body mass index, FTA: femorotibial angle, PTS: posterior tibial slope, and
MME: medial meniscus extrusion

Table 2 Comparison between initial and follow-up radiographic
results of frontal and non-weight-bearing tunnel views

Initial X-ray Follow-up P-
X-ray value

Frontal view
MTE-MFC distance (mm) 7.8 (6.5-9.0) 7.6 (6.0-9.3) 0.39
MTFJ width (mm) 55(5.0-6.1) 4.9 (4.0-6.3) 0.07
Non-weight-bearing tunnel
view
MTE-MFC distance (mm) 7.6 (6.5-8.5) 8.4 (75-94) <0.01*
MTFJ width (mm) 4.5(3.9-5.5) 39(3.3-45) <0.01%

Data are presented as median (interquartile range: Q1-Q3). *P<0.01, Wilcoxon
signed-rank test

MTE: medial tibial eminence, MFC: medial femoral condyle, and MTFJ): medial
tibiofemoral joint

AMTE] width and the X-ray interval (R>=0.18, P=0.03,
slope=0.01).

Figure 5 shows the linear regression analysis of MTE—
MEC distance increase rate in the non-weight-bearing
tunnel view with BMI, age, FTA, and PTS. No slight cor-
relation was observed between BMI, age, FTA, and PTS
and the MTE-MFC distance.

Discussion

In this study, significant increase in MTE-MFC distance
and significant decrease in MTF] width were observed
within a short period of 17 days. Moreover, the amount
of change in the MTE-MEFC distance demonstrated a
significant relationship with time, increasing by approxi-
mately 0.009 mm daily. In contrast, the MTF] width did
not show a substantial relationship with time. Further-
more, this study showed that factors such as BMI, age,
FTA, and PTS did not significantly influence the radio-
graphic progression of this condition.
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Fig. 4 Correlations using linear regression analysis between changes in the MTE-MFC distance and the MTFJ width in a non-weight-bearing tunnel view
and the X-ray interval. (@) A moderate correlation was observed between the changes in the MTE-MFC distance and the X-ray intervals (R?=0.53). (b) The
changes in the MTFJ width did not show a significant correlation with the X-ray intervals (R>=0.18). MTF): medial tibiofemoral joint, MFC: medial femoral
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Fig.5 Correlations using linear regression analysis between MTE-MFC distance increase rate in a non-weight-bearing tunnel view and BMI, age, FTA, and
PTS. No noticeable correlation was observed between these variables and the MTE-MFC distance (R?<0.01 of all variables: a, b, ¢, d). MTE: medial tibial
eminence, MFC: medial femoral condyle, BMI: body mass index, FTA: femorotibial angle, and PTS: posterior tibial angle

A previous study examining a 5-year follow-up with
conservative treatment of MMPRT reported an aver-
age narrowing of the joint fissure of 1.1 mm using X-ray
frontal images [21]. Additionally, the same study reported
the progression of the Kellgren—Laurence classification
grade [21]. However, MMPRT is a type of injury that

progresses relatively rapidly osteoarthritis and can cause
subchondral insufficiency fracture of the knee. Therefore,
appropriate short-term evaluation methods are neces-
sary. To the best of our knowledge, no study has been
conducted to investigate the short-term evaluation of
X-rays in MMPRT. The Rosenberg view, Schuss method,
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and Camp—Coventry method have been reported as use-
ful methods for evaluating knee osteoarthritis [17, 18].
These evaluation methods are considered superior for
depicting the narrowing of the articular crease, posterior
intercondylar notch, posterior femoral condyle, and tibial
osteophytes [3, 17, 22, 23]. Recently, Rosenberg and non-
weight-bearing tunnel views have been reported to be
useful for diagnosing MMPRT [12, 13]. Both methods are
useful for diagnosis because they show an increase in the
MTE-MEFC distance and a decrease in the MTFJ width
compared with the contralateral knee, and both MTE-
MEC distance and MTF] width have been reported to be
affected by MME progression [12, 13]. When MMPRT
is triggered, MME shows rapid progression [24]. In lon-
gitudinal studies using MRI, MME has been reported to
progress in an average of 48 days, and cross-sectional
studies examining MME progression using MRI have
reported MME progression in up to 12 months [4, 24].
In this study, patients with MMPRT were observed over
time to evaluate the usefulness of the non-weight-bearing
tunnel view. The results showed that the MTE-MFC dis-
tance and MTF] width did not significantly change in the
frontal view. However, an increase in the MTE-MFC dis-
tance and a decrease in the MTF] width were observed
in the non-weight-bearing tunnel view, indicating that
this method may be useful in the temporal evaluation of
MMPRT progression.

The medial meniscus has multiple functions, such as
shock absorption, joint stabilization, lubrication, and
proprioception [25, 26]. When MMPRT is triggered, the
hoop action of the medial meniscus collapses, the but-
tress effect of the lateral condyle of the femur breaks
down, the medial condyle of the femur moves toward the
posteromedial side, and consequently, the physiologi-
cal function of the medial meniscus fails [3, 27]. In the
normal knee, rollback motion of the femur occurs during
knee flexion, and the medial meniscus moves posterome-
dially [28-30]. Previous studies evaluating the Cadaver
from 0° to 90° flexed position have reported a larger
MME and higher MTFJ pressure, especially in 60° flexion
[3]. Furthermore, a study using MRI to evaluate 10° and
90° flexion positions reported a more posterior medial
extrusion at 90° [31]. In this study, the non-weight-bear-
ing tunnel view was in the 60° flexion, and the increase
in the MTE-MFC distance and the decrease in the
MTF]J width in the tunnel view were more pronounced
than in the frontal view. Furthermore, significant pro-
gression was observed even in a short time, averaging
17 days. Okazaki et al. evaluated patients with MMPRT
at a mean duration of 48 days and reported an average
MME progression of 1.2 mm [24]. Further, they showed
the absence of the MTF] width progression [24]. In this
study, the extent of change in the MTE-MEFC distance
was significantly associated with time. In contrast, the
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MTEF] width was not significantly associated with time.
The MTF] width is affected by the articular cartilage and
meniscus [32]. Moreover, the MTE-MFC distance is not
influenced by the articular cartilage, and therefore, is
more sensitive than MME. These findings indicate that
the non-weight-bearing tunnel view is a useful evaluation
method after MMPRT in the short term.

MMPRT causes the progression of knee osteoarthri-
tis, and better results have been reported with surgical
treatment than with conservative treatment [33—-35]. Par-
ticularly, MMPRT has been reported to be a poor prog-
nostic factor for conservative treatment in cases of large
MME [36]. However, the appropriate timing of the need
for surgical treatment is unclear [4]. In the non-weight-
bearing tunnel view, the decrease in the MTF]J width and
the increase in the MTE-MFC distance are considered to
reflect the MME itself [13]. This is a low-cost alternative
and simple imaging method for evaluation using X-rays.

This study has several limitations. First, based on the
inclusion criteria of this study, the diagnosis of MMPRT
cannot be ruled out as an acute meniscus root tear. How-
ever, the patients presented with popliteal painful pop-
ping for approximately 2 months, and they presented
with a K-L grade of <2. Thus, the probability of the con-
ditions being an acute tear is high. Second, this was a ret-
rospective study. Third, the sample size was small. Fourth,
the follow-up period was short. Fifth, we were unable to
evaluate the correlation between X-ray data and MRI
evaluation, clinical outcomes, and subsequent treatment
choices. Therefore, the possible usefulness of the non-
weight-bearing tunnel view after MMPRT cannot be vali-
dated. Thus, future studies with larger sample sizes and
longer follow-up durations should be conducted to eval-
uate the correlations between MMPRT and other param-
eters. Thus, it is necessary to study the correlation with
other parameters with a larger sample size and long-term
follow-up in future studies.

Conclusions

This study demonstrated the usefulness of the non-
weight-bearing tunnel view in the short-term longitu-
dinal evaluation of MMPRT. This imaging method may
help detect the progression of meniscus extrusion and
joint gap narrowing at an earlier stage.
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MTE Medial tibial eminence

MFC Medial femoral condyle

FTA Femorotibial angle

PTS Posterior tibial slope

BMI Body mass index
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