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Abstract

Purpose To compare the radiological and clinical outcomes using simple medial meniscus posterior horn (MMPH) root
repair using an all-inside meniscal repair device combined with high tibial osteotomy (HTO) and HTO alone.

Methods Between November 2013 and December 2016, patients treated for MMPH root tear along with HTO were enrolled.
Based on the tear gap, the participants were divided into repairable (<2 mm) and unrepairable (>2 mm) categories. The
participants in each group were divided into those amenable to simple MMPH root repair using an all-inside meniscal
repair device and those that required no procedure for meniscus. Radiological parameters including mechanical femoroti-
bial alignment (MA), posterior tibial slope (PTS) and medial joint-space width (JSW) were evaluated preoperatively and
postoperatively at 2 years. For clinical evaluation, the WOMAC score was determined at the 2-year visit postoperatively.
Results A total of 81 knees including 48 repairable (group R) and 33 unrepairable (group I) knees were enrolled. A total of
43 knees underwent simple MMPH root repair using an all-inside meniscal repair device (subgroup r), whereas the other
38 knees did not (subgroup n). The MA, PTS, and their postoperative changes as well as the WOMAC scores showed no
differences. However, the JSW in group Rr increased from 3.1 to 3.6 mm, but decreased from 3.7 to 3.4 in group Rn, which
was a statistically significant difference.

Conclusion Simple MMPH root repair using an all-inside meniscal repair device combined with HTO was more effective
for the maintenance of JSW compared with HTO without a meniscal procedure in patients with repairable MMPH root tear
and varus alignment. However, other options are needed for unrepairable MMPH root tear.

Keywords Knee - Medial meniscus posterior horn - Medial meniscus posterior horn root tear - Osteotomy - Simple all
inside meniscal repair device repair - Joint-space width

Introduction

Medial meniscus (MM) root tear, a complete radial tear of
the posterior horn (PH) of the MM, interrupts the conti-
nuity of the circumferential fibers and leads to failure of
meniscal function, which converts axial loads to transverse
hoop stress [1-3]. This pathology also involves meniscal
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extrusion and medial joint-space narrowing [1, 3-6], and
is closely related to progressive osteoarthritis of the medial
compartment and varus alignment. A pull-out trans-osseous
repair has been suggested and used to maintain the meniscal
function [7-12].

High tibial osteotomy (HTO), which is an acceptable
option for medial compartment osteoarthritis with varus
alignment, has been suggested for the management of
MMPH root tear with varus alignment [13, 14]. Nha et al.
reported that HTO without a meniscal procedure yielded
good clinical outcomes and recovery of half of the patients
in second-look arthroscopy [13]. Lee et al. also reported
good clinical outcomes; however, the healing was poor or
led to scar formation, which resulted in defective hoop ten-
sion [14].
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Restoration of the hoop tension of MM requires combined
meniscal repair and HTO. Studies suggested that a combina-
tion of chondroplasty procedures, including microfracture,
collagen, stromal vascular fraction, or stem-cell implanta-
tion enhanced chondral regeneration more than HTO alone
[15-19]. However, for MMPH root tear, the common pull-
out trans-osseous repair interfered with the screws of HTO
[20]. FasT-Fix, an all-inside meniscal repair device for man-
agement of a peripheral tear in the posterior horn, represents
an alternative to pull-out repair combined with HTO [21].
Although it cannot restore the original anatomical structure
of bone insertion, the hoop tension of MM can be recovered
by attaching the MMPH to the posterior cruciate ligament
(PCL). However, few studies have explored this alternative
option.

We evaluated the clinical and radiological effects of sim-
ple MMPH root repair using an all-inside meniscal repair
device combined with HTO compared with HTO without
any meniscal procedures, especially for the maintenance of
hoop tension. We hypothesized that this simple repair proce-
dure for MMPH root tear in a patient with varus alignment
ensures the width of joint space better than any meniscal
procedure combined with HTO.

Materials and Methods

The study protocol and design were reviewed and approved
by the Ethics Committee of the Public Institutional Review
Board (IRB approval: 2019-1300-002). Medical records and
radiological results of HTO patients were retrospectively
reviewed and compared based on the MMPH root tear and
repair procedures.

The inclusion criteria were:

1. Medial compartment osteoarthritis with MMPH root
tear and varus alignment greater than 5°.

2. Medial opening-wedge HTO fixed by the OhtoFix type
I plate (Ohtomedical Co. Ltd., Goyang, Korea).

The exclusion criteria were:

1. Combined surgery including ligament reconstruction
and osteotomy.
2. Loss of follow-up within 2 years.

Surgical Procedures and Post-operative
Rehabilitation Protocol

The two surgeons conducted similar preoperative planning
and surgical procedures, and post-operative rehabilita-
tion protocols [22]. Preoperatively, the degree of correc-
tion was measured by Miniaci’s method, via the standing
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lower extremity anteroposterior (AP) view. By targeting the
mechanical axis passing through the lateral tibial spine, the
degree of correction was measured using a picture archiv-
ing and communication system (PACS), the PiView STAR
(INFINITT, Seoul, Korea).

Following spinal anesthesia, the arthroscopic examina-
tion was performed via anteromedial and anterolateral por-
tals. After debridement, microfracture chondroplasty, lateral
retinacular release, or baker-cyst decompression were per-
formed to manage the other intra-articular defects, including
chondral lesion, tightened lateral retinaculum of patella, and
Baker cyst. The MMPH root tear was identified by probing.
A single surgeon (BS K) repaired the MMPH root using
an all-inside meniscal repair device (FasT-Fix, Smith and
Nephew, Andover, MA) if the tear site was reducible. The
medial wall of the PCL and the torn site of MMPH were
debrided. The first clip of the all-inside meniscal repair
device was then attached to the MMPH, and the second clip
was fixed to the PCL. The string was pulled to slide the two
knots closely. After ensuring the attachment of the torn site
to the PCL, the string was severed to restore the hoop ten-
sion of medial meniscus (Fig. 1). The arthroscopic surgery
ended with irrigation and fluid drainage, and osteotomy was
continued.

A transverse incision was made on the medial side of
the proximal tibia, and two guide pins were inserted on the
metaphyseal flare. The two pins were placed parallel to the
medial joint surface, targeting the safe zone [23]. Biplanar
or uniplanar osteotomy was conducted after sawing below
the guide pins up to 10 mm from the lateral cortex. The
osteotomy site was opened gradually using the three chisels.
A metal block with a planned diameter was applied for a
widened gap. The OhtoFix type I plate (Ohtomedical Co.,
Ltd., Goyang, Korea) was fixed with six locking screws and
a link screw to the metal block. The cancellous bone-chip
was grafted to the osteotomy site, followed by suction with a
Hemovac drain, followed by sutures, compressive dressing,
and a cylinder splint.

Postoperatively, the drain was removed on post-operative
day 2. Continuous passive motion along with a hinged knee-
brace was administered for two months. Weight-bearing
protocol was started at postoperative week 1 via toe touch
with two crutches and partial weight-bearing exercises were
performed with crutches for 3 weeks [24, 25]. A tolerable,
full-weight bearing posture was allowed at 4 weeks postop-
eratively. The union was confirmed via postoperative radi-
ography at 1 and 2 years, and the plate removal was recom-
mended after confirming complete union.

Evaluation and Statistical Analysis

The patients were recommended to undergo postopera-
tive follow-up at 2 months, 6 months, 1 year, and 2 years.
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Fig. 1 Simple MMPH root
repair using an all-inside menis-
cal repair device. a, b Preopera-
tive MRI shows MMPH root
tear (white arrow). ¢, d In the
arthroscopic examination, the
tear site of MMPH root was
probed (black arrow), which
revealed no gap after reduction.
e, f MMPH was repaired simply
using an all-inside meniscal
repair device, and the reduction
was maintained by probing

During the follow-up, the following radiographic views were
obtained: the Rosenberg, lateral, standing AP, and stand-
ing lower-extremity AP. The mechanical femorotibial angle
(MA) in the standing lower-extremity AP view, posterior
tibial slope (PTS) in the lateral view, and medial joint-space
width (JSW) in the Rosenberg view [26] were measured in
the previous PACS viewer. The software detected a mini-
mum angular difference of 0.1° and a minimum difference
in length of 0.1 mm. Radiological data of MA, PTS, and

JSW were measured preoperatively and postoperatively at
2 years, and their postoperative changes were also docu-
mented. Clinical outcomes were determined using the 2-year
postoperative Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scores.

Two independent investigators (BS K and SY S) deter-
mined the JSW in the Rosenberg view to reduce the obser-
vational bias. The intraclass correlation coefficients were
0.858 and 0.855, which were greater than 0.80 for the
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Fig.2 Radiological result. a,

b The tear site of MMPH root
(black arrow) was repaired
simply. ¢, d The postoperative
Rosenberg view 2 years later,
revealed an increase in the
medial joint-space width (JSW)
compared with the preoperative
view

intraobserver and interobserver reliabilities. Thus, meas-
urements obtained by one investigator (BS K) were used
in the analyses.

MMPH root tears were classified previously according
to the tear gap depending on whether or not an overlapped
type was repairable [4, 5]. Therefore, we divided the par-
ticipants into two groups: repairable (group R: no tear
gap or within 2 mm after debridement) and unrepairable
(group I: tear gap greater than 2 mm after debridement).
The radiological and clinical outcomes of each group
undergoing simple repair (Rr and Ir) were compared with
the group without intervention (Rn and In). Statistically,
the differences in preoperative and 2-year postoperative
values of MA, PTS, and JSW were compared using the
Mann—Whitney test. The WOMAC scores at postoperative
2 years were also compared using the Mann—Whitney test.
The SPSS 12.0 (SPSS Science, Inc., Chicago, IL) was used
for all statistical analyses, and P <0.05 was considered
statistically significant.
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Results

Between November 2013 and December 2016, a total of
126 knee joints (110 patients) were treated with medial
opening-wedge HTO by the two surgeons. Among them,
81 knees showed MMPH root tear in the arthroscopic
examination, 48 knees were repairable (group R) and 33
knees were unrepairable (group I). Of the 81 knees, 43
were managed via simple repair using an all-inside menis-
cal repair device, and the other 38 knees did not. Among
the 48 knees in group R, a simple repair was performed in
29 knees (group Rr), and the remaining 19 knees did not
undergo any procedure for MMPH root tear (group Rn).
Among the 33 knees included in group I, 14 underwent
simple repair (group Ir) and the other 19 knees did not
(group In). The demographics of each group are shown in
Table 1, without significant differences between treated
and untreated cases.
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Table 1 Demographics

> Group Tr  Group Tn P Group Rr  GroupRn P GroupIr  GroupIn P
(Mean + Standard deviation)
Sex (M/F) 8/35 8/30 ns. 3/26 2/17 ns. 5/9 6/13 n.s.
Age, years 55.7+5.6 562+4.1 ns. 557+54 562+3.6 ns. 558+6.0 56.1+4.7 ns.
Height, cm 158+8 157+7 ns. 157+8 156 +4 ns. 160+9 158+9 n.s.
Weight, kg 67+14 64+10 ns. 65+13 63+10 ns. 72+14 66+10 n.s.
BMI 269+42 26.1+32 ns. 264+42 261+37 ns. 279+40 260+2.7 ns.
Pre MA, ° 6.8+1.9 7.6+29 ns. 67+25 7.6+27 ns. 68+22 7.6+32 ns.
Pre JSW,mm 32+14 3.6+1.6 ns. 3.1+14 37+12 ns. 34+14 34+20 ns.
Pre PTS, ° 123+3.8 122432 ns. 123+4.0 129433 ns. 123+35 11.5+£29 ns.

MA mechanical femorotibial angle, JSW joint space width, PTS posterior tibial slope

Based on post hoc power analysis via a two-sided hypoth-
esis to obtain a power of 0.8 and a significance level of 0.05
a total of 46 participants were considered adequate for the
detection of significant differences in JSW postoperatively
between the two groups (Rr and Rn) of repairable patients.

In the radiological results, the preoperative MA, PTS,
and JSW of Tr (total, repair) and Tn (total, no repair) groups
were 6.8°, 12.3°, and 3.2 mm, and 7.6°, 12.2°, and 3.6 mm,
respectively. The mean size of the metal block was 9.7 mm
in the Tr group and 9.9 mm in the Tn group. At 2 years
postoperatively, the MA, PTS, and JSW changed to — 1.3°,
13.8°, and 3.5 mm, respectively, in group Tr; and — 0.9°,
14.2°, and 3.6 mm, respectively, in group Tn. The changes
in MA, PTS, and JSW were 8.1°, 1.5°, and 0.3 mm, respec-
tively, in group Tr; and 8.5°, 2.0°, and 0 mm, respectively,
in group Tn. None of the radiological outcomes of groups
Tr and Tn showed any statistically significant differences
(Table 2).

However, there was a statistically significant difference in
JSW between the repairable groups. Preoperatively, the MA,
PTS, and JSW were 6.7°, 12.3°, and 3.1 mm, respectively,
in group Rr; and 7.6°, 12.9°, and 3.7 mm, respectively, in

Table 2 Results (Mean + Standard deviation)

group Rn. The mean sizes of the metal block were 9.5 mm
and 9.6 mm in groups Rr and Rn, respectively. The MA,
PTS, and JSW changed to — 1.3°, 13.7°, and 3.6 mm,
respectively, in group Rr; and — 0.7°, 15.0°, and 3.4 mm,
respectively, in group Rn, postoperatively at 2 years. The
changes were 8.1°, 1.4°, and 0.5 mm, respectively, in group
Rr (Fig. 2); and 8.4°, 2.1°, and — 0.3 mm in group Rn. The
change in JSW was significant between the two groups, but
other numeric results showed no statistically significant dif-
ferences between the groups Rr and Rn. The 2-year postop-
erative WOMAC score was 78 in group Rr and 77 in group
Rn, without any statistically significant difference (Table 2).

In the unrepairable groups, the preoperative values of
MA, PTS, and JSW were 6.8°, 12.3°, and 3.4 mm, respec-
tively, in group Ir; and 7.6°, 11.5° and 3.4 mm, respectively,
in group In. During the operation, the mean sizes of the
metal block were 10.1 mm in group Ir and 10.2 mm in group
In. The MA, PTS, and JSW changed to — 1.4°, 14.1°, and
3.4 mm, respectively, in group Ir; and — 1.1°, 13.5°, and
3.7 mm, respectively, in group In at 2 years, postopera-
tively. The respective changes were 8.3°, 1.8°, and 0.0 mm
in group Ir and 8.7°, 2.0°, and 0.3 mm in group In. The

Group Tr Group Tn P Group Rr Group Rn P Group Ir Group In P
Metal block, mm 9.7+19 99+2.1 n.s. 9.5+19 9.6+2.2 n.s. 10.1+1.8 10.2+2.1 n.s.
Pre MA, ° 6.8+1.9 7.6+£29 n.s. 6.7+1.7 7.6+2.7 n.s. 6.8+2.2 7.6+3.2 n.s.
Post MA, ° -13+1.8 -0.9+2.0 n.s. —-13+1.6 -0.7+£1.7 n.s. —-1.4+24 —-1.1+2.4 n.s.
Diff MA, ° 8.1+2.2 8.5+2.7 n.s. 81+1.9 8.4+2.4 n.s. 83+2.9 8.7+3.0 n.s.
Pre JSW, mm 32+14 3.6+1.6 n.s. 31+14 37+12 n.s. 34+14 34+20 n.s.
Post JSW, mm 35+1.0 3.6+1.2 n.s. 3.6+0.8 34+1.2 n.s. 34+14 3713 n.s.
Diff JSW, mm 03+1.2 00x+1.6 n.s. 05+1.2 -03+0.7 0.010? 00x1.0 03+2.1 n.s.
Pre PTS, ° 123+3.8 12.2+3.2 n.s. 12.3+4.0 129+3.3 n.s. 12.3+3.5 11.5+2.9 n.s.
Post PTS, °© 13.8+3.5 142+3.8 n.s. 13.7+3.2 15.0+4.0 n.s. 14.1+4.2 13.5+3.5 n.s.
Diff PTS, ° 1.5+2.6 2.0+2.7 n.s. 1429 2.1+29 n.s. 1.8+1.8 2025 n.s.
Womac score 77+11 76+ 11 n.s. 78+12 77+10 n.s. 73+5 74+11 n.s.

MA mechanical femorotibial angle, JSW joint space width, PTS posterior tibial slope

# Indicates a statistical significant difference (P <0.05)
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mean WOMAC score at 2 years postoperatively was 73 in
group Ir and 74 in group In. None of the results of groups
Ir and In showed any statistically significant difference in
Mann—Whitney test (Table 2).

Discussion

The main purpose of this study was to compare the JSW
after HTO between knees treated with simple meniscal
repair using an all-inside meniscal repair device and those
not subjected to any meniscal procedure. A simple meniscal
repair combined with HTO maintained the JSW at the 2-year
follow-up, but not in the group exposed to HTO without any
meniscal procedures in the repairable stage. However, in the
unrepairable stage of MMPH root tear, there was no differ-
ence in clinical and radiological outcomes compared with
the repaired group.

The results of MMPH root repair combined with HTO
were reported previously [21]. No clinical or radiological
difference was detected between the repaired and unre-
paired groups, suggesting that the radiological outcomes do
not suggest the repair of MMPH root tear [21]. The cur-
rent study also revealed no differences between Tr and Tn
groups. However, in the subgroup of repairable patients,
the changes in JSW differed between Rr and Rn groups.
A superior healing rate associated with repaired MMPH
root tear combined with HTO was reported in the previous
study [21]. Therefore, a simple MMPH root repair using an
all-inside meniscal repair device is effective for repairable
MMPH root tear.

JSW in the Rosenberg view, which is the radiological
result in this study, is an appropriate parameter for the evalu-
ation of progressive osteoarthritis or meniscal hoop tension.
In previous studies, JSW was used to reflect cartilage thick-
ness and was considered the simplest and the easiest param-
eter to evaluate the progression of osteoarthritis of the knee
joint [26-28]. Two studies investigating the lateral closing
HTO used the standing AP view [26, 27]. Another study
utilized the standardized weight-bearing, semi-flexed PA
views to compare the medial opening-wedge HTO and the
knee-joint distraction [28]. In a recent study, the Rosenberg
view, 45° PA flexion weight-bearing radiography, showed a
significant correlation with clinical outcomes after medial
opening-wedge HTO [29]. Because we focused on the pro-
gression of osteoarthritis after medial opening-wedge HTO,
the JSW in the Rosenberg view was used as the main quan-
titative value, and the difference between Rr and Rn groups
underscored the need for simple MMPH root repair.

Correction of alignment is an important factor in the man-
agement of MMPH root tear. In previous studies, the MMPH
root-tear patients showed acceptable clinical outcomes after
HTO, even though no additional meniscal procedures were
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performed [13, 14]. Nakamura et al. suggested that the lat-
eral tilt of the tibia plateau and load-shifting effect after
HTO positively affected the healing of MMPH root tear.
Our study showed that all groups, with or without repair,
showed good clinical outcomes 2 years post-HTO.

However, the need to recover hoop tension of MM has
been suggested, despite the strong clinical outcomes of
HTO. In the second-look arthroscopy after HTO described
in two previous studies, the torn root was healed in only
half the cases, and all healing states were lax or scarred,
which was limited to recovery of hoop tension, the most
important mechanical property of the meniscus [13, 14].
Previous studies investigated the MMPH root tear in well-
aligned non-arthritic knees. These reported an association
between non-operative treatment or partial menisectomy
and good clinical outcomes, without any benefit in halting
arthritic progression [30-33]. In this study, the Rn group
showed good clinical outcomes at 2 years; however, the
JSW was reduced, which may suggest that the loss of hoop
tension of MM causes progression of osteoarthritis leading
to poor long-term clinical outcomes. Although the simple
MMPH root repair is a non-anatomical repair and may not be
strong enough to resolve the hoop tension, this simple repair
method combined with HTO maintained the JSW more than
any other procedure. This finding appears to be consistent
with a previous meta-analysis, which reported that the repair
of MMPH root tear alleviates osteoarthritis [32].

The disadvantages of this simple method include non-
anatomical repair and the probability of excessive tension on
the repair site. Ideally, anatomically complex methods, such
as pull-out repair, are more appropriate for MMPH root tear.
Therefore, the results of the current study only suggest that
this simple method is better than no procedure at all in cases
amenable to MMPH root repair when the tear gap is less
than 2 mm. However, its advantage compared with anatomi-
cal pull-out repair is unknown. Nonetheless, this method is
simple, faster and easier than anatomical repair and is indi-
cated for repairable cases. A further study is needed to com-
pare our simple method with anatomical repair techniques.

This simple method is not effective for all patients with
MMPH root tears. Previous studies investigating the clas-
sification of MMPH root tear focused on the tear gap [4, 5].
Kim et al. suggested that patients with an MMPH root tear
gap greater than 1 mm were more likely to exhibit poor clini-
cal outcomes after surgical repair [5]. Tear gap is the most
important factor in evaluating the MMPH root tears. Repair
of MMPH root tear in combination with HTO is effective.
We found that simple MMPH root repair was effective in the
repairable group of knees with a tear gap less than 2 mm in
arthroscopy. However, the irreparable group with a tear gap
greater than 2 mm showed no difference in clinical outcome
or JSW change between groups with or without repair. This
finding suggests that the simple repair combined with HTO
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was effective only for the repairable MMPH root tear, but
not for irreparable states, which require a more sophisticated
method such as suture anchor repair with centralization [20].

This study limitation relates to the inclusion of two dif-
ferent surgeons, with each surgeon mainly allocated to the
repair group but not to the group without the intervention,
resulting in possible differences in JSW change. For instance,
the postoperative 2-year MA values in the Rr and Rn groups
were — 1.3° and — 0.7°, respectively. The Rn group was
more neutral or varus than the Rr group. Our study cannot
confirm whether the insufficient correction was reflected in
reduced JSW or vice versa. However, the reduced JSW was
more prominent between the two Rr and Rn groups than the
alignment, and the statistical analysis showed a significant
difference only in JSW reduction. Therefore, we suggest that
the difference in MMPH root repair techniques reduces JSW
and leads to a mildly insufficient correction. Additional stud-
ies are needed to resolve this issue.

Other study limitations were as follows. First, the study
design was not prospective or randomized. Furthermore, the
allocation was mainly decided by the two different surgeons,
as previously described. Second, there was no follow-up
evaluation of the MMPH root tear via MRI or arthroscopic
examination. Third, there was only a short-term follow-up of
2 years. However, the demographics of the groups revealed
no statistically significant differences, but only a significant
reduction in JSW in the Rn group compared with the Rr
group. Based on the importance of JSW reduction in evaluat-
ing the progression of osteoarthritis, a simple MMPH root
repair using an all-inside meniscal repair device combined
with HTO is recommended for patients with repairable
MMPH root tear.

Conclusion

A simple MMPH root repair using an all-inside menis-
cal repair device with HTO is superior to HTO without a
meniscal procedure to maintain the JSW in patients with
repairable MMPH root tear and varus alignment. However,
other options are needed for the management of unrepairable
MMPH root tear.
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