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Abstract

Purpose Untreated or overlooked medial meniscus posterior root tears (MMPRTS) induce sequential knee joint degradation.
We evaluated epidemiological features of acute MMPRT for its early detection and accurate diagnosis.

Methods Among 330 MMPRT patients from 2018 to 2020, those who underwent arthroscopic pullout repairs were enrolled.
Patients who underwent non-operative treatment or knee arthroplasty, those with a cruciate ligament-deficient knee or
advanced osteoarthritis of the knee, and those with insufficient data were excluded. Finally, we retrospectively evaluated
data from 234 MMPRTs (female: 79.9%, complete tears: 92.7%, mean age: 65 years). Welch’s t-test and Chi-squared test
were used for pairwise comparisons. Spearman’s rank correlation analysis was performed between age at surgery and body
mass index (BMI). Multivariable logistic regression analysis with stepwise backward elimination was applied to the values
as risk factors for painful popping events.

Results In both sexes, there were significant differences in height, weight, and BMI. In all patients, there was a significant
negative correlation between BMI and age (p = —0.36, p <0.001). The BMI cutoff value of 27.7 kg/m* had a 79.2% sen-
sitivity and a 76.9% specificity for detecting MMPRT patients aged < 50 years. A painful popping event was confirmed in
187 knees (79.9%), and the frequency was significantly reduced in partial tears as compared to complete tears (odds ratio:
0.080, p <0.001).

Conclusion Higher BMI was associated with a significantly younger age of MMPRT onset. Partial MMPRTs had a low
frequency of painful popping events (43.8%).
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Introduction

Medial meniscus (MM) posterior root tears (MMPRTS),
which mainly occur in women aged over 50 years, are usu-
ally heralded by painful popping during light activity, such
as descending stairs or walking [1-3]. MMPRT frequency
was reportedly 21.5% in all arthroscopic surgeries for MM
tears [4]. Untreated or overlooked MMPRTs induce sequen-
tial knee joint degradation. Long-term follow-up stud-
ies revealed that MMPRT pullout repair was an effective
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intervention to protect the knee joint in terms of clinical
outcomes and survivorship [5, 6]. Therefore, the favourable
treatment of MMPRT is an arthroscopic repair for cases with
mild or no osteoarthritic changes [7, 8]. However, patients
with progressed knee osteoarthritis (OA) or spontaneous
osteonecrosis of the knee, which is considered a subchondral
insufficiency fracture of the knee (SIFK) associated with
chronic MMPRTs, are commonly observed [9, 10]. Among
197 knees that underwent total knee arthroplasty for OA,
78.2% suffered MMPRT [10]. Confirmation of a painful
popping event is useful for MMPRT diagnosis with high
specificity [2, 3]. Without a clear popping event, it is difficult
to diagnose an MMPRT and determine whether magnetic
resonance imaging (MRI) should be performed [2].
Among several risk factors of MMPRT, such as older
age, female sex, higher body mass index (BMI), increased
Kellgren-Lawrence (K-L) grade, and a steep posterior slope
of the medial tibial plateau [4, 11], BMI is one of the few
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modifiable risk factors. In a recent study, BMI >25 kg/m?
was reportedly associated with OA progression in patients
who underwent conservative MMPRT treatment [12].
Furthermore, an elevated BMI was associated with worse
clinical outcomes following MMPRT [13, 14]. Hence, it
was hypothesised that BMI would also affect the timing of
MMPRT onset. We aimed to determine whether sex, BMI,
and type of tear were associated with MMPRT onset and
injury pattern.

Materials and methods
Ethical approval and study design

This study was approved by the Institutional Review Board
of our institution and conducted according to the Declaration
of Helsinki. All patients provided written informed consent
before participation. Data of patients who visited our hospi-
tal and were diagnosed with MMPRTS from January 2018 to
November 2020 were retrospectively collected. Patients who
underwent non-operative treatment or total/unicompartmen-
tal knee arthroplasty were excluded because related MMPRT
onset was mostly chronic or unclear.

All patients who underwent an arthroscopic pullout repair
were included. Inclusion criteria were arthroscopic pullout
repair of the MMPRT performed for patients with a femo-
rotibial angle (FTA) <180°, a K-L grade of 0-2, and a mild
cartilage lesion (modified Outerbridge grade I or II) that
was confirmed by preoperative radiographs and MRI exami-
nations [15, 16]. MMPRT patients underwent arthroscopic
pullout repair as previously described [17-19]. Exclusion
criteria comprised patients with an anterior cruciate liga-
ment (ACL)- or posterior cruciate ligament (PCL)-deficient
knee and those with insufficient preoperative radiographic
data.

Age at surgery, sex, height, weight, BMI, and the duration
from injury to arthroscopic pullout repair were recorded for
each patient. Details of posteromedial painful popping epi-
sodes (a predictive sign of MMPRTs in middle-aged to older
patients [2]), including the injury situation, position of the
injured leg, and injury date, were obtained from patients via
careful interviews at the first visit. Painful popping was defined
as a clear single acute onset of severe pain around the pos-
teromedial knee. Patients were usually unable to walk on the
injured leg due to severe pain immediately after the popping
event, occasionally accompanied by cold sweats. Absence of
painful popping was considered in patients who had no painful
popping events but clearly remembered that they started to feel
posteromedial knee pain during activities or after traumatic
injuries, such as falls. If patients could not clearly recall their
painful popping event, they were defined as uncertain. The
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operation records were reviewed to determine the posterior
root tear classification and ACL/PCL condition.

Preoperative knee deformity was assessed using coronal
radiological FTA and K-L arthritis grade. FTA was defined
as the external angle between the femoral and tibial shaft axes
on coronal radiographs of the entire lower limbs in the stand-
ing position. K-L grades on the posteroanterior 45°-flexion
Rosenberg standing view and spontaneous osteonecrosis of the
knee stages on the anteroposterior (AP) view were determined
according to the classifications [16, 20].

MMPRT evaluation

MMPRT type was identified according to the classification
of tear morphology as follows: type 1, partial stable meniscal
tears within 9 mm of the centre of the root attachment; type
2, complete radial tears within 9 mm of the centre of the root
attachment; type 3, bucket-handle tears with meniscal root
detachment; type 4, complex oblique meniscal tears extend-
ing into the root attachment; and type 5, avulsion fractures
of the meniscal root attachment [21]. Partial and complete
tear groups included patients with type 1 and type 2—4 tears,
respectively.

Statistical analyses

Data were expressed as mean + standard deviation (SD) unless
indicated otherwise. Statistical significance was set at p <0.05.
Welch’s t-test was used to compare data of the female and male
groups. Chi-squared test was used to compare sex distribution,
MMPRT type, and K-L grade between two groups with partial
and complete tears. Spearman’s rank correlation analysis was

| Patients with MMPRTs (n=330) |

Exclusion (n=83)
+ Non-operative (n=18)
+ TKA (n=20)
+ UKA (n=45)

v

\ 4
| Patients with MMPRTs who underwent pullout repairs (n=247) |

Exclusion (n=13)
+ ACL-deficient knees (n=3)
+ PCL-deficient knees (n=2)
+ Insufficient data (n=5)
+ Kellgren—Lawrence grade 3 (n=3)

v

v

Final analysis (n=234) |

Fig.1 Flowchart of the study protocol. MMPRT, medial meniscus
posterior root tear; TKA, total knee arthroplasty; UKA, unicompart-
mental knee arthroplasty; ACL, anterior cruciate ligament; PCL, pos-
terior cruciate ligament
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Table 1 Patient demographics (n=234)

Range
Sex (male/female, knees) 47/187
Affected side (right/left) 109/125
Age (years) 64.9 (8.5) 41-86
Height (m) 1.57 (0.08) 1.32-1.92
Weight (kg) 63.1 (13.5) 40-120
Body mass index (kg/m2) 25.6 (4.2) 17.0-45.9
Duration from injury to operation (days)* 68 (51) 9-310
Popping event (+/-/unclear) 187/29/(18)
MMPRT type (1/2/3/4/5) 17/192/1/24/0
SONK stage (none/1/2/3/4) 223/9/1/1/0
Kellgren-Lawrence grade (0/1/2/3/4) 0/85/149/0/0
Femorotibial angle (°) 177.3 (1.6) 172-180
Posterior tibial slope (°) 9.0 (2.6) 2-15

Data are presented as number of cases or mean (standard deviation)

MMPRT, medial meniscus posterior root tear; SONK, spontaneous
osteonecrosis of the knee

# excluding 18 patients without a clear memory of painful popping

performed between age at surgery and BMI. A multivariable
logistic regression analysis with stepwise backward elimina-
tion was applied to the values as risk factors for painful pop-
ping events. Statistical calculations and the receiver operating
curve (ROC) construction were performed using EZR-WIN
software (Saitama Medical Center, Saitama, Japan). The opti-
mal BMI cutoff associated with the age of MMPRT onset was
determined using ROC and the Youden index (J). Power analy-
sis was performed using G*Power version 3.1 (Heinrich Heine
University, Diisseldorf, Germany). The sample size was esti-
mated for a minimal statistical power of 95% (a=0.05). In the

Spearman’s rank correlation analysis, a sample of 134 knees
was considered sufficient to detect an effect size of d=0.30
with 95% statistical power.

Results

In the final analysis, 234 MMPRTs in 231 patients were
included (Fig. 1). All patients were Lachman test-negative.
No patient had a concomitant collateral ligament injury
in the affected knee. Patient demographics are shown in
Table 1. Female patients accounted for 79.9% of the total
number of patients. There were significant differences
between male and female patients in height, weight, and
BMI (Table 2). The proportion of female patients increased
as the patients’ age increased (Fig. 2a). The peak propor-
tion for BMI was higher for male than for female patients
(Fig. 2b). The proportion of female patients and the mean
age of the patients decreased as BMI increased.

In correlation analysis, there was a significant nega-
tive association between BMI and age in all patients as
well as the female and male groups (p = —0.36 to—0.34,
p <0.001; Fig. 3). In 47.0% (110/234) of the knees, the
corresponding BMI was < 25 kg/m?, suggesting that these
patients had normal weight or were underweight based on
the World Health Organisation criteria. ROC analysis identi-
fied the optimal BMI cutoff value of 27.7 kg/m? for MMPRT
detection in younger patients aged < 50 years (sensitivity:
79.2%, specificity: 76.9%; Fig. 4).

Type 2 was the most frequent MMPRT type (82.0%), fol-
lowed by type 4 (10.3%), type 1 (7.3%), and type 3 (0.4%)
(Table 1). A clear painful popping event was confirmed

Table 2 Comparison between

Male Female P
male and female (n=47) (n=187)
Affected side (right/left) 18/29 91/96 0.20
Age (years) 63.0 (9.3) 65.4 (8.2) 0.12
Height (m) 1.68 (0.07) 1.54 (0.06) <0.001
Weight (kg) 78 (14) 59 (11) <0.001
Body mass index (kg/mz) 27.5 (4.0) 25.1 (4.1) 0.001
Duration from injury to operation (days)* 69 (52) 68 (52) 0.86
Popping event (+/-/unclear) 37/6/(4) 150/23/(14) 0.97
MMPRT type (1/2/3/4) 1/41/1/4 16/151/0/20 0.09
SONK stage (none/1/2/3) 46/0/1/0 177/9/0/1 0.09
Kellgren-Lawrence grade (1/2) 19728 66/121 0.51
Femorotibial angle (°) 177.3 (1.5) 177.3 (1.7) 0.98
Posterior tibial slope (°) 9.3 (2.6) 9.0 (2.6) 0.47

Bold indicates p < 0.05

Data are presented as number of cases or mean (standard deviation)

MMPRT, medial meniscus posterior root tear; SONK, spontaneous osteonecrosis of the knee

#excluding 18 patients without a clear memory of painful popping
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in 187 out of 234 knees (79.9%). Painful popping mainly
occurred when patients stepped during the knee motion that was
involved in descending (33.7%), standing up (23.0%), and walk-
ing (20.3%) actions (Fig. 5a). In MMPRT type 4, descending
motion had a significantly higher rate of MMPRT injury than
that of MMPRT type 2 (13/21 knees [61.8%] vs. 49/159 knees
[30.9%], p=0.004; Fig. 5b).

Univariate analysis of the association between the presence
of a painful popping event and clinical factors revealed a signifi-
cant difference between affected sides (left vs. right: 82.2% vs.
91.8%, p=0.04) and between partial and complete tears (43.8%
vs. 90.0%, p <0.001; Table 3). The logistic regression model indi-
cated that the odds of a painful popping event decreased with a
partial tear (odds ratio [OR]: 0.07, 95% confidence interval [CI]
0.02-0.24, p<0.001; Table 3).

Discussion

This study demonstrated that a higher BMI was
significantly associated with a younger age of MMPRT
onset, and a significant difference in injury pattern was
observed for MMPRT type 4, which mainly occurred due
to descending motion, as compared with other MMPRT
types. Furthermore, the frequency of painful popping
events was significantly reduced in partial MMPRTSs
(type 1) than in complete tears (types 2—4). Moreover, the
proportion of female patients increased with increasing
patient age, and the proportion of male patients increased
with increasing BMI. In clinical practice, these findings
would be useful for early and reliable detection of
MMPRTs.

Fig.2 Patient distribution (a)
by age and body mass index knees — Female (%) BMI (km/m?2
(BMI). Black squares and ( ) CoF mmmM Female(%) (Z) ( )
bars represented (a) mean 80 r 71 100% 7 35
BMI + standard deviation (SD) — -
for several ages and (b) mean
age + SD for several BMIs 60 L "] {1 75%
/ 1 30
L
40 o 1 50%
=] e .
41 25
20 1 25%
0 I—h I I 0% 1 20
40- 50- 60- 70- 80-
Age (years)
(b)
(knees) —F mmmM Female(%) Female (%) Age (years)
100 100% 4 80
\s
80
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L
60 | A
"""""""" 1 50% 60
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20 ’,
0 |_| . B | oo, J 40
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The associations among higher BMI, younger MMPRT
onset, and female patients (Figs. 2 and 3) are consistent
with the distribution of the general population with knee
OA, which could result from MMPRT, a contributing cause
of knee OA. To our best knowledge, this is the first study
to demonstrate a relationship between BMI and the age of
MMPRT onset, which could explain the increasing propor-
tion of male patients with younger ages and higher BMI
values (Fig. 2).

The meniscotibial ligament is associated with meniscal
extrusion and MMPRT, and abnormality or disruption of
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Fig.3 Correlation analysis of body mass index and age. (a) All
knees. p= —0.36, p<0.001. (b) Female knees. p = —0.34, p <0.001.
(c) Male knees. p= —0.34, p< 0.001. p, Spearman’s rank correlation
coefficient

the meniscotibial ligament might have already been present
before MMPRT onset [22, 23]. In an ultrasound-based study,
increasing age, BMI, and load were significantly correlated
to increase meniscus extrusion [24]. Therefore, in addition to
the synergistic effect of age and BMI on MMPRT onset, high
BMI (> 30 kg/mz) itself could accelerate MMPRT onset. In
this study, BMI>27.7 kg/m? was the optimal cutoff value
to detect the younger age of MMPRT onset (Fig. 4). This
finding was consistent with the demographic data of patients
from two previous long-term follow-up studies, in which
Bernard et al. [5] included younger and heavier patients
than Chung et al. [6] (mean age: <49 years vs. > 56 years,
mean BMI: > 32 kg/m2 vs. <28 kg/mz). Moreover, these
findings indicated that older patients with no or mild knee
OA could develop MMPRT despite not being obese. This
study included 58 knees from patients aged > 70 years with
a BMI <25 kg/m?. Orthopaedic surgeons should carefully
identify atypical patients, such as those who are older and
not obese.

In our study, female patients accounted for 79.9% of all
MMPRT patients in the final analysis. This female propor-
tion was similar to those from other studies, with female
participants representing 64.0-90.9% of all MMPRT
patients [5, 6, 13, 25, 26]. An explanation for this phenom-
enon remains to be determined. Sex differences may play
a role in the development of MMPRTs due to differences
in knee joint bone geometry. Studies have identified steep

1
0.8 - 27.732(0.769, 0.792)
> 06+
=
‘»
@
$ 04+
AUC 0.7362
(95% CI: 0.564 - 0.908)
0.2
0 - |
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Fig.4 The optimal cutoff value for body mass index (BMI) to detect
MMPRT patients under 50 years of age. The BMI cutoff value
of 27.7 kg/m* had a 79.2% sensitivity and a 76.9% specificity for
MMPRT detection in patients under 50 years of age. AUC, area under
the curve; CI, confidence interval; MMPRT, medial meniscus poste-
rior root tear
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Fig.5 Distribution of injury
patterns by (a) sex and (b) type
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medial posterior tibial slope (PTS) and narrow intercondy-
lar notch width as potential risk factors for MMPRT [27,
28]. Additionally, research has shown that females gener-
ally have a steeper medial PTS and smaller intercondylar
notch width than males, which could contribute to their
higher risk of developing MMPRT [29-31]. Furthermore,
female patients generally have more joint laxity and less
muscle strength than male patients [32, 33]. Sex-related
hormonal differences may also influence gender differences
in the occurrence of MMPRT. Several studies have identi-
fied differences in knee laxity across the female menstrual
cycle and pregnancy [34-36]. Incidence rates of OA in men
and women diverge around the age of 50 years, correspond-
ing to the onset of menopause and the associated decline
in systemic oestrogen levels in women [37], which may
be closely linked to the high incidence of MMPRT among
females. Therefore, sex differences in the morphological,
biomechanical, and biological aspects described above may
contribute to the higher incidence of MMPRT in females
than in males. However, in the present study, there were no
significant differences in PTS between both sexes (Table 2),
and intercondylar notch width and hormones were not
evaluated. Further studies are warranted to investigate the
association between these factors and the high frequency of
MMPRT in women.
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In 187 knees with a painful popping event, descending
motion (33.7%) was the most frequently detected injury pattern,
which was consistent with the findings of a previous study
[3], followed by activities of daily living, such as standing
up (23.0%) and walking (20.3%). Additionally, activities of
daily living, including twisting (8.6%) and squatting (4.3%),
accounted for 89.9% of all injury patterns with a clear painful
popping event. In a biomechanical study, the MM posterior
horn or root mainly carried the posterior shear load, particularly
after 30° knee flexion [38]. In a simulated-gait analysis using
cadaveric knees, the MM posterior aspect distributed the peak
load during the early phase of stance [39]. Therefore, the MM
posterior root, functioning as a dike-like secondary stabiliser of
the knee, could have been regularly and repeatedly exposed to
load during activities of daily living until a relatively minor load
during stepping on stairs and walking triggered the MMPRT
onset. This potential mechanism of injury could explain for the
distribution of injury patterns observed in our study. However,
the cause of a significantly higher injury rate during descending
motion in MMPRT type 4 as compared to another type of
complete tear (type 2) remains unclear. Rearfoot landing in
stairs or ramps while descending reportedly increased knee
joint loads to a greater degree as compared to forefoot landing
for patients with early knee OA [40], and further research of
this phenomenon is required.
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Table 3 Univariate analysis and logistic regression analysis; association between the presence of popping event and clinical factors

Popping (+) Popping (-) p-value Odds ratio p-value
(n=187) (n=29) (95% CI)
Age (years)
<60 49 6 0.53
60 < 138 23
Sex
Female 150 23 0.91
Male 37 6
Affected side
Left 97 21 0.04 1 (reference)
Right 90 8 2.28 (0.89-5.84) 0.08
Body mass index (kg/m?)
<25 88 13 0.20 1 (reference)
25<,<30 73 15 0.69 (0.28-1.67) 0.41
30< 26 1 4.17 (0.46-37.6) 0.20
MMPRT type
Partial tear (type 1) 7 9 <0.001 0.07 (0.02-0.24) <0.001
Complete tear (type2/3/4) 180 20 1 (reference)
(159/0/21) (16/1/3)
Kellgren-Lawrence grade
1 70 10 0.76
2 117 19
Femorotibial angle (°)
<177 92 17 0.35
177 < 95 12
Posterior tibial slope (°)
<9 105 12 0.13 1 (reference)
9< 82 17 0.54 (0.23-1.31) 0.14

Bold indicates p < 0.05. MMPRT, medial meniscus posterior root tear

In this study, partial MMPRTs had a significantly
reduced frequency of painful popping events as compared
with complete tears, which could explain for the low
sensitivity and, conversely, high specificity of painful
popping events for MMPRT detection [2]. This finding
also suggested that it may be difficult for some MMPRT
patients to recognise when they have injured their knees
because of their less-acute subjective symptoms, which
can result in more overlooked or unrecognised MMPRT
patients than expected. Therefore, it is important
that orthopaedic surgeons consider the possibility of
MMPRT, particularly type 1, and the necessity of MRI
in patients with continuous knee pain or effusion who are
over 40 years of age, including those who do not report or
do not remember experiencing a painful popping event.

This study had few limitations. First, only patients
who underwent arthroscopic pullout repair for MMPRT
were included, which might impose a selection bias.
Therefore, it might be inappropriate to apply these

findings to all MMPRT patients, including patients
receiving non-operative treatment, those requiring
arthroplasty for progressed OA, or those with SIFK.
However, we included patients with acute MMPRT and
mild knee OA because the mean duration from injury to
arthroscopic pullout repair was 68 days, and 187 out of 234
patients (79.9%) had a clear single painful popping event.
Additionally, since our surgical indications are similar to
those of other institutions [41, 42], we believe our study
results would, at least, reflect the epidemiological features
of acute MMPRT. Second, this study did not include a con-
trol group. Third, since this study included a single ethnic
group, whether our findings are applicable to other races or
individuals with different lifestyles remains unclear. Fourth,
we did not evaluate the degree of meniscal extrusion and its
correlation with clinical symptoms. Nevertheless, this study
is clinically relevant because it revealed variables associ-
ated with patients with MMPRT diagnosis in more detail as
compared to previous studies.
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Conclusion

Higher BMI was associated with a significantly younger age
of MMPRT onset. The likelihood of a painful popping event
was significantly lower in partial MMPRTS than in complete
tears. Understanding these features will be useful for early
detection of MMPRTs.

Acknowledgements We would like to thank Masataka Fujii, Takaaki
Tanaka, Hiroto Inoue, Tomohito Hino, Yoshiki Okazaki, Shin Masuda,
Hideki Ohashi, Shota Takihira and Haruki Katayama for their clinical
supports. We would also like to thank Editage (www.editage.jp) for
English language editing.

Authors’ contribution YKa and TF designed the study. YKa snd TF
prepared the manuscript. TF and SM performed surgeries. KK and
YKo reviewed medical records. TH and YO performed radiographic
evaluations. All authors have read and approved the final version of the
manuscript submitted.

Funding Open access funding provided by Okayama University.

Data Availability The data are not available due to their containing
information that could compromise the privacy of research participants.

Declarations

Ethical approval This study was approved by the institutional review
board of Okayama University Graduate School (ID number: 1857).

Informed consent All patients provided informed consent prior to
participation.

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lee DW, Ha JK, Kim JG (2014) Medial meniscus posterior root
tear: a comprehensive review. Knee Surg Relat Res 26(3):125-134

2. Bae JH, Paik NH, Park GW, Yoon JR, Chae DJ, Kwon JH (2013)
Predictive value of painful popping for a posterior root tear of the
medial meniscus in middle-aged to older Asian patients. Arthros-
copy 29(3):545-549

3. Furumatsu T, Okazaki Y, Okazaki Y, Hino T, Kamatsuki Y, Mas-
uda S et al (2019) Injury patterns of medial meniscus posterior
root tears. Orthop Traumatol Surg Res 105(1):107-111

@ Springer

10.

11.

12.

14.

15.

16.

17.

18.

19.

Hwang BY, Kim SJ, Lee SW, Lee HE, Lee CK, Hunter DJ (2012)
Risk factors for medial meniscus posterior root tear. Am J Sports
Med 40(7):1606-1610

Bernard CD, Kennedy NI, Tagliero AJ, Camp CL, Saris DBF,
Levy BA (2020) Medial Meniscus Posterior Root Tear Treat-
ment: A Matched Cohort Comparison of Nonoperative Man-
agement, Partial Meniscectomy, and Repair. Am J Sports Med
48(1):128-132

Chung KS, Ha JK, Ra HJ, Yu WJ, Kim JG (2020) Root Repair
Versus Partial Meniscectomy for Medial Meniscus Posterior
Root Tears: Comparison of Long-term Survivorship and Clini-
cal Outcomes at Minimum 10-Year Follow-up. Am J Sports Med
48(8):1937-1944

Wang L, Zhang K, Liu X, Liu Z, Yi Q, Jiang J (2021) The efficacy
of meniscus posterior root tears repair: A systematic review and
meta-analysis. J Orthop Surg 29(1):23094990211003350
Krivicich LM, Kunze KN, Parvaresh KC, Jan K, DeVinney A,
Vadhera A (2022) Comparison of Long-term Radiographic Out-
comes and Rate and Time for Conversion to Total Knee Arthro-
plasty Between Repair and Meniscectomy for Medial Meniscus
Posterior Root Tears: A Systematic Review and Meta-analysis.
Am J Sports Med 50(7):2023-2031

Sung JH, Ha JK, Lee DW, Seo WY, Kim JG (2013) Menis-
cal extrusion and spontaneous osteonecrosis with root tear of
medial meniscus: comparison with horizontal tear. Arthroscopy
29(4):726-732

Choi ES, Park SJ (2015) Clinical Evaluation of the Root Tear of
the Posterior Horn of the Medial Meniscus in Total Knee Arthro-
plasty for Osteoarthritis. Knee Surg Relat Res 27(2):90-94
Okazaki Y, Furumatsu T, Kodama Y, Kamatsuki Y, Okazaki Y,
Hiranaka T et al (2021) Steep posterior slope and shallow con-
cave shape of the medial tibial plateau are risk factors for medial
meniscus posterior root tears. Knee Surg Sports Traumatol
Arthrosc 29(1):44-50

Takahashi A, Umehara J, Kamimura M, Aizawa T, Itoi E (2020)
Obesity is a risk factor for osteoarthritis progression and sponta-
neous osteoporosis is a risk for the development of spontaneous
osteonecrosis in patients with medial meniscus posterior root tear.
J Orthop Sci 26(5):844-849

. Brophy RH, Wojahn RD, Lillegraven O, Lamplot JD (2019) Out-

comes of Arthroscopic Posterior Medial Meniscus Root Repair:
Association With Body Mass Index. J] Am Acad Orthop Surg
27(3):104-111

Zhang X, Furumatsu T, Okazaki Y, Hiranaka T, Kodama Y,
Xue H et al (2021) High body mass index is a risk factor for
unfavorable clinical outcomes after medial meniscus posterior
root repair in well-aligned knees. J Orthop Sci 26(3):430-434
Potter HG, Linklater JM, Allen AA, Hannafin JA, Haas SB
(1998) Magnetic resonance imaging of articular cartilage in
the knee. An evaluation with use of fast-spin-echo imaging. J
Bone Joint Surg Am 80(9):1276-84

Kellgren JH, Lawrence JS (1957) Radiological assessment of
osteo-arthrosis. Ann Rheum Dis 16(4):494-502

Kodama Y, Furumatsu T, Fujii M, Tanaka T, Miyazawa S, Ozaki
T (2016) Pullout repair of a medial meniscus posterior root
tear using a FasT-Fix((R)) all-inside suture technique. Orthop
Traumatol Surg Res 102(7):951-954

Okazaki Y, Furumatsu T, Kodama Y, Kamatsuki Y, Masuda S,
Ozaki T (2019) Description of a surgical technique of medial
meniscus root repair: a fixation technique with two simple
stiches under an expected initial tension. Eur J Orthop Surg
Traumatol 29(3):705-709

Okazaki Y, Furumatsu T, Miyazawa S, Masuda S, Oka-
zaki Y, Hiranaka T et al (2019) A novel suture technique to
reduce the meniscus extrusion in the pullout repair for medial


http://www.editage.jp
http://creativecommons.org/licenses/by/4.0/

International Orthopaedics

20.

21.

22.

23.

24.

25.

26.

217.

28

29.

30.

meniscus posterior root tears. Eur J Orthop Surg Traumatol
29(8):1805-1809

Koshino T (1982) The treatment of spontaneous osteone-
crosis of the knee by high tibial osteotomy with and without
bone-grafting or drilling of the lesion. J Bone Joint Surg Am
64(1):47-58

LaPrade CM, James EW, Cram TR, Feagin JA, Engebretsen L,
LaPrade RF (2015) Meniscal root tears: a classification system
based on tear morphology. Am J Sports Med 43(2):363-369
Krych AJ, LaPrade MD, Hevesi M, Rhodes NG, Johnson AC,
Camp CL (2020) Investigating the Chronology of Meniscus
Root Tears: Do Medial Meniscus Posterior Root Tears Cause
Extrusion or the Other Way Around? Orthop J Sports Med
8(11):2325967120961368

Krych AJ, Bernard CD, Leland DP, Camp CL, Johnson AC,
Finnoff JT (2020) Isolated meniscus extrusion associated with
meniscotibial ligament abnormality. Knee Surg Sports Traumatol
Arthrosc 28(11):3599-3605

Achtnich A, Petersen W, Willinger L, Sauter A, Rasper M, Wortler
K (2018) Medial meniscus extrusion increases with age and BMI
and is depending on different loading conditions. Knee Surg
Sports Traumatol Arthrosc 26(8):2282-2288

Lee BS, Bin SI, Kim JM, Park MH, Lee SM, Bae KH (2019) Par-
tial Meniscectomy for Degenerative Medial Meniscal Root Tears
Shows Favorable Outcomes in Well-Aligned, Nonarthritic Knees.
Am J Sports Med 47(3):606-611

Kim C, Bin SI, Kim JM, Lee BS, Kim TH (2020) Progression of
radiographic osteoarthritis after partial meniscectomy in degen-
erative medial meniscal posterior root tears was greater in varus-
than in neutral-aligned knees: a minimum 5-year follow-up. Knee
Surg Sports Traumatol Arthrosc 28(11):3443-3449

Kodama Y, Furumatsu T, Tamura M, Okazaki Y, Hiranaka T,
Kamatsuki Y et al (2023) Steep posterior slope of the medial tibial
plateau and anterior cruciate ligament degeneration contribute to
medial meniscus posterior root tears in young patients. Knee Surg
Sports Traumatol Arthrosc 31(1):279-285

Altinayak H, Karatekin YS (2023) Increased Medial Femoral
Condyle Angle and Narrow Intercondylar Notch Are Associated
With Medial Meniscus Posterior Root Tear. Arthroscopy. https://
doi.org/10.1016/j.arthro.2023.02.020

Weinberg DS, Williamson DF, Gebhart JJ, Knapik DM, Voos JE
(2017) Differences in Medial and Lateral Posterior Tibial Slope:
An Osteological Review of 1090 Tibiae Comparing Age, Sex, and
Race. Am J Sports Med 45(1):106-113

Staeubli HU, Adam O, Becker W, Burgkart R (1999) Anterior
cruciate ligament and intercondylar notch in the coronal oblique
plane: anatomy complemented by magnetic resonance imaging in
cruciate ligament-intact knees. Arthroscopy 15(4):349-359

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Charlton WP, St John TA, Ciccotti MG, Harrison N, Schweitzer
M (2020) Differences in femoral notch anatomy between men and
women: a magnetic resonance imaging study. Am J Sports Med
30(3):329-333

Rozzi SL, Lephart SM, Gear WS, Fu FH (1999) Knee joint laxity
and neuromuscular characteristics of male and female soccer and
basketball players. Am J Sports Med 27(3):312-319

Pfeiffer TR, Kanakamedala AC, Herbst E, Nagai K, Murphy C,
Burnham JM (2018) Female sex is associated with greater rotatory
knee laxity in collegiate athletes. Knee Surg Sports Traumatol
Arthrosc 26(5):1319-1325

Charlton WP, Coslett-Charlton LM, Ciccotti MG (2001) Corre-
lation of estradiol in pregnancy and anterior cruciate ligament
laxity. Clin Orthop Relat Res 387:165-170

Deie M, Sakamaki Y, Sumen Y, Urabe Y, Ikuta Y (2002) Anterior
knee laxity in young women varies with their menstrual cycle. Int
Orthop 26(3):154-156

Shultz SJ, Sander TC, Kirk SE, Perrin DH (2005) Sex differences
in knee joint laxity change across the female menstrual cycle. J
Sports Med Phys Fitness 45(4):594-603

Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D,
Jones G (2005) A meta-analysis of sex differences prevalence,
incidence and severity of osteoarthritis. Osteoarthritis Cartilage
13(9):769-781

Walker PS, Arno S, Bell C, Salvadore G, Borukhov I, Oh C (2015)
Function of the medial meniscus in force transmission and stabil-
ity. J Biomech 48(8):1383-1388

Wang H, Chen T, Torzilli P, Warren R, Maher S (2014) Dynamic
contact stress patterns on the tibial plateaus during simulated gait:
a novel application of normalized cross correlation. J] Biomech
47(2):568-574

Jeon HM, Choi EB, Heo JH, Eom GM (2020) Influence of the
initial foot contact strategy on knee joint moments during stair
and ramp descent. Sci Rep 10(1):13922

Chung KS, Ha JK, Ra HJ, Lee HS, Lee DW, Park JH (2019)
Pullout fixation for medial meniscus posterior root tears: clini-
cal results were not age-dependent, but osteoarthritis progressed.
Knee Surg Sports Traumatol Arthrosc 27(1):189-196

Moon HS, Choi CH, Yoo JH, Jung M, Lee TH, Jeon BH (2021)
Mild to Moderate Varus Alignment in Relation to Surgical
Repair of a Medial Meniscus Root Tear: A Matched-Cohort
Controlled Study With 2 Years of Follow-up. Am J Sports Med
49(4):1005-1016

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.arthro.2023.02.020
https://doi.org/10.1016/j.arthro.2023.02.020

	Epidemiological features of acute medial meniscus posterior root tears
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Ethical approval and study design
	MMPRT evaluation
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


