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root repair during knee flexion

Yuki Okazaki®®, Takayuki Furumatsu®*, Takaaki Hiranaka®, Keisuke Kintaka®, Naohiro Higashihara®,

Masanori Tamura®, Toshifumi Ozaki®

“Department of Orthopaedic Surgery, Tsuyama Chuo Hospital, 1756 Kawasaki, Tsuyama, Okayama
708-0841, Japan
bDepartment of Orthopaedic Surgery, Okayama University Graduate School of Medicine, Dentistry,

and Pharmaceutical Sciences, 2-5-1 Shikata-cho, Kita-ku, Okayama 700-8558, Japan

*Correspondence to:

Takayuki Furumatsu

Department of Orthopaedic Surgery, Okayama University Graduate School of Medicine, Dentistry,
and Pharmaceutical Sciences, 2-5-1 Shikata-cho, Kita-ku, Okayama 700-8558, Japan

Tel: +81 862 357 273

Fax: +81 862 239 727

E-mail: matino@md.okayama-u.ac.ip

1
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meniscus posterior height; MMPW, Medial meniscus posterior width; MRI, Magnetic resonance

imaging; MTP, Medial tibial plateau; PRT, Posterior root tear
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1. Introduction

Medial meniscus (MM) posterior root tear (PRT) is of interest to several researchers, and a number
of clinical, biomechanical, and histological studies on MMPRT have been conducted [1-6].
Transtibial pullout repair of MMPRT is recommended to regulate MM medial extrusion
(ME)/femorotibial relation (rotation), increase contact area, reduce contact pressure, and prevent the

subsequent development of osteoarthritis [1, 4, 7, 8]. Alternative techniques for PRT even without

special instruments have been reported [9]. The MM shows minimal posteromedial shifts during

knee flexion in normal knees because the MM posterior root serves as an anchor to limit meniscal
shifts during knee movement and load bearing [10]. In knees with MMPRT, the MM translates
posteriorly and extrudes severely from the medial tibial plateau (MTP) during knee flexion. Notably,
MM posterior root repair reduces the extruded meniscus area/volume during knee flexion with
favorable clinical outcomes [11-13], along with the factors leading to better correction of the MMME
(younger age [< 50], low-grade cartilage damage [International Cartilage Repair Society grade of 1
or 2], and reduced varus alignment [<2.5°]) [14].

The location of the repair and suture configurations have been reported to be important to obtain

better failure load [15-17]. Repairs located in the substance of the meniscus were significantly

stronger than those in the transition zone and root ligament [15]. The cinch suture has more

biomechanical strength than other suture techniques and is advantageous because it causes fewer

perforations of the meniscal tissue when using all-inside suture devices, and a simple cinch suture

showed less cyclic displacement than a locking loop but a similar ultimate failure load [16, 17]. With

the above development regarding the pullout technique, MMME in the coronal plane does not
always decrease even after repair [18], and patients with increased MMME after repair have low
clinical scores [19, 20]. Furthermore, changes in MM posterior extrusion at 90° of knee flexion were
significantly correlated with 12-month postoperative clinical scores [13]. Therefore, novel surgical

techniques to reduce MM posteromedial extrusion have been developed. Although there are some
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surgical techniques to reduce MM extrusion after pullout repair, such as anatomic bone tunnel
creation [21-23], posterior anchoring [24], and in combination with the centralization technique
[25-28], no study has reported the effect of preventing MM posterior translation in vivo.

Hiranaka et al. examined preoperative morphological features of the MM, and measured
intraoperative suture translation during knee flexion using two simple stitches with an additional
all-inside suture [29]. They concluded that longer meniscal translations during knee flexion were
associated with larger preoperative MMME, and a greater MM posterior height (MMPH). However,
suture translation using two cinch sutures, or the change in translation before and after additional
sutures, have yet to be clarified.

To address these gaps in the literature, this study aimed to evaluate (1) suture translation using
two cinch sutures, during knee flexion before and after the posterior anchoring method in transtibial
pullout repair of the MMPRT; and (2) to assess the correlation between the preoperative
morphological features of the MM and suture translation before posterior anchoring. We
hypothesized that suture translation after posterior anchoring would be significantly decreased
relative to that before posterior anchoring, and that a preoperative larger MMME and greater MMPH

would correlate with suture translation.

2. Materials and methods

2.1. Patients and ethical considerations
Between December 2020 and April 2021, 46 patients who underwent surgery for MMPRT at our
hospital were prospectively evaluated. Transtibial pullout repair of the MMPRT was indicated in
patients with a femorotibial angle <180°, radiographic Kellgren-Lawrence grade of 0-2, and a body
mass index <35 kg/m?. Of the 46 patients, 11 were excluded because it was not clear if they had a
painful popping episode, of a lack of measurement of the suture translation, or had undergone

different surgical techniques including the technique combined with centralization [26]. After
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applying the exclusion criteria, 35 patients were included for further analyses. All included patients
underwent the posterior anchoring method with pullout repair of the MMPRT as previously
described [24]. Medical records were reviewed to examine patient characteristics including age,
height, body weight, and duration from injury to magnetic resonance imaging (MRI). All patients
were diagnosed with MMPRT based on MRI findings, such as cleft, giraffe neck, and ghost signs, as
well as radial tear and meniscal extrusion (>3 mm) [30, 31]. The MMPRT classification was defined
using arthroscopy according to a previous study [32]. All protocols were approved by the
institutional review board (# 1857), and informed consent was obtained from all the participants

included in the study.

2.2. Surgical technique
A standard arthroscopic examination was performed using a 4-mm-diameter 30° view angle
arthroscope (Smith & Nephew, London, UK). A probe was introduced through the anteromedial
portal to confirm the MMPRT (Fig. 1a). To increase the space in patients with tight medial
compartments, we used outside-in pie-crusting of the medial collateral ligament with a standard
18-gauge (1.2x40 mm) hypodermic needle (Terumo Corporation, Tokyo, Japan) [33].
We used a Knee Scorpion™ suture passer (Arthrex, Inc., Naples, FL, USA) to pass two No. 2 strong
sutures vertically through the meniscal tissue (Fig. 1b). The suture was placed as a first cinch stitch
with a safety margin of approximately 10 mm from the edge of the tear to prevent suture cut-out and
loss of fixation. The first suture was inserted into the inner part of the MM posterior horn, and the
second suture was inserted into the outer part, more than 5 mm away from the tear.
MM posterior root attachment was confirmed before placing a custom-made posterior root-aiming
device (Posterior Root Tear guide, Smith & Nephew; Unicorn Meniscal Root guide, Arthrex Inc.)
[34] at the anatomic center of the posterior root attachment, as described previously (Fig. 1¢) [35]. A

2.4-mm guide pin was inserted at a 45° angle to the root attachment with the aiming device, and a
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4.0-mm cannulated drill was used to overdrill the tibial tunnel. After removing the inner guide pin
alone, all cinch sutures were pulled out through the cannulated drill using a suture relay technique.
Gentle tension was applied to the sutures until the posterior horn reached its tibial attachment area
(Fig. 1d).

In the next step, a further bone tunnel was created using a flexible reamer for a 1.8 mm Q-Fix
anchor (Smith & Nephew), aiming at the posterior corner of the MTP (approximately 15 mm away
from the posterior root attachment) in externally rotated knee flexion (Fig. 2a). The first anchor of
the JuggerStitch (Zimmer Biomet, Warsaw, IN, USA) all-inside meniscal repair device was inserted
through the inferior surface of the MM posterior horn while tensioning two cinch sutures (Fig. 2b)

during knee extension, and the second anchor of the same JuggerStitch repair device was inserted

into the second bone tunnel during knee flexion and flipped on the cortex (Fig. 2¢). Once moderate

tension of the posterior anchoring suture was confirmed during 30° knee flexion, the free end of the

all-inside suture was cut. Tibial fixation of the pullout sutures was performed using a 5.0-mm
bioabsorbable screw with an initial tension of 10 N during 30° knee flexion, as previously described

(Fig. 2d) [36].

2.3. Measurement method

The measurement method was performed by an experienced surgeon three times intraoperatively, and

the mean value was recorded as previously described by Hiranaka et al. [29] (Fig. 3). The sutures
were marked to evaluate outer suture translation during knee flexion because the outer suture’s
translation was the largest in their report. Ultrabraid #2 suture (Smith & Nephew) was cut into two
sutures (outer and inner) at its midpoint, and each suture was folded into two sutures. The marking
point of the outer suture was made on the Ultrabraid at 10 cm from the folded point. A measurement
bar was created using the pipe attached to the all-inside suture device, JuggerStitch. The accessory

pipe attached to the JuggerStitch was cut at 5 cm, and the surgical tape was rolled at 2 cm from the
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edge of the bar to fix it at the bone aperture [29] (Fig. 3a). All sutures were pulled out through the bar,
and the bar was inserted into the tibial bone aperture. The outer suture was pulled out and tensioned

at 5 N using the Kocher clamp and spring tensioner (Fig. 3¢, d). The knee flexion angle was
confirmed using a goniometer (MMI goniometer, Muranaka Medical Instruments, Osaka, Japan).

The distance between the edge of the bar and the marking point was measured using a ruler (Hogy
Medical, Tokyo, Japan) with the knee flexed at 0° and 90° (Fig. 3b-d). The translation distance was
calculated using the following formula: (distance from bar to mark at 0°) — (distance from bar to

mark at 90°).

2.4. Radiographic assessments

The measurement of the medial tibial posterior slope was performed on lateral radiographs by

drawing two lines, as described by Brandon et al. [37], defined by the longitudinal axis of the tibia

and the medial tibial slope, respectively. The medial tibial posterior slope was defined as 90° minus

the angle made by the intersection of the line of the longitudinal axis of the tibia and the medial tibial

slope (a line tangent to the medial tibial plateau connecting the uppermost superior anterior and

posterior cortex edges). The longitudinal axis of the tibia was defined by the line created by

connecting the midpoint of the anteroposterior diameter of the tibia just inferior to the tibial tubercle

to the midpoint of the anteroposterior diameter of the tibial shaft., measured no less than 5 cm distal

to the tibial tubercle.

An MRI evaluation was performed using an Achieva 1.5T scanner (Philips, Amsterdam, The
Netherlands) or Excelart Vantage™ powered by Atlas 1.5T with an integrated coil (Toshiba Medical
Systems, Tochigi, Japan). The MRI-based MM body width (MMBW) and MMME were assessed
using a coronal view, as previously described [29] (Fig. 4a). The MMBW was measured from the
inner to the outer border of the MM on the coronal image that crossed the midpoint of the MM

anteroposterior length. MMME was measured from the medial margin of the tibial plateau to the
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outer border of the MM. The MM size was different between patients; therefore, the relative MMME
(rMMME) was calculated as 100 x MMME/MMBW (%). MM medial height was defined as the
distance from the lowest to the highest MM point. MRI-based MM posterior width (MMPW) and
MMPH were assessed using a sagittal view, as previously described [29] (Fig. 4b). The reference line
was drawn along the subchondral bone from the anterior to the posterior aspect of the articular
surface. The MMPW was measured as the distance from the anterior to the posterior edge of the MM
(parallel to the reference line), and the MMPH was measured from the bottom to the top of the MM

(perpendicular to the reference line).

2.5. Statistical analyses
Data are reported as means + standard deviations. All statistical analyses were performed using EZR
software (Saitama Medical Center, Jichi Medical University, Tochigi, Japan) [38]. Intra-patient
differences in measured values were evaluated using the Wilcoxon signed-rank test. Statistical

significance was set at p < 0.05.

3. Results

Patient demographic information is shown in Table 1. Thirty-five patients were enrolled in this study

(mean age, 67.148.5), and duration from injury to MRI was 7.7+6.3 weeks. The average outer suture

translations before and after the posterior anchoring method were 2.5+1.7 mm and 1.6+1.5 mm,
respectively (Fig. 5). A significant difference was observed between the two groups (p<0.01,
power=0.87). The preoperative MM morphological features are shown in Table 2. The absolute

medial meniscus extrusion was 3.3+0.9 mm, and relative medial meniscus extrusion was

35.84+10.4%. No significant correlations were observed between the preoperative MM morphological

features and the outer suture translation.
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4. Discussion

The most important finding of this study was that suture translation after posterior anchoring
was significantly decreased relative to that before posterior anchoring, although there was no
significant correlation between any preoperative MM morphological features and suture translation.
Our hypothesis was partially supported: the hypothesis that suture translation after posterior
anchoring would be significantly decreased relative to that before posterior anchoring was supported,
whereas the hypothesis that a preoperative larger MMME and greater MMPH would correlate with
suture translation was refuted.

Recently, several studies have investigated meniscal root properties, kinematics, and
biomechanics [39-42]. MMPRT leads to significant changes in the in vivo knee kinematics and the
loading profile of the medial joint compartment [43], resulting in a loss of hoop resistance, meniscus
extrusion [44], and early degenerative changes [45]. Other studies have found no difference between
the peak contact pressure after total medial meniscectomy and that associated with a root tear, and
established that root repair was successful in restoring joint biomechanics and knee rotation to within
normal conditions [1, 7]. Furthermore, augmentation with the centralization technique reduces
biomechanical properties of load distribution and contact area/pressure [25-28]. Hiranaka et al. first
examined and reported intraoperative suture translation during transtibial pullout repair using two
simple stitches [29]. However, the current study is the first to report changes in suture translation
using two cinch sutures before and after additional sutures.

A previous technical note described the reduction of a severely extruded MM using
three-dimensional MRI [24]; however, that study did not describe the exact distance of MM
translation before and after the posterior anchoring method. The current study has clarified that
posterior suture translation of the MM is regulated using the posterior anchoring method combined
with transtibial pullout repair (average 0.9 mm). This surgical technique may lead to favorable

clinical outcomes because the changes in MMPE at 90° of knee flexion were significantly correlated
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with 12-month postoperative clinical scores [13]. Furthermore, another advantage of this technique is

that it allows for the creation of additional bone tunnels and all-inside sutures without the need for

any accessory portal because it can be performed through a standard anteromedial portal when

manipulating the knee rotation and flexion angles. We consider that this posterior anchoring method

is a simple, safe. and reproducible technique and that this method can serve as a candidate for

additional sutures because of its ease of use and the absence of additional accessory portals.

Suture translation with two cinch sutures even before the posterior anchoring method was

smaller than those with two simple stitches previously described (4.8+£2.1 mm) [29]. We consider

that this is one of the reasons for the lack of correlation between MM morphological features and
suture translation. The findings that suture translation with two cinch sutures were smaller than that
with two simple stitches also indicates the advantage of the use of cinch sutures. When we perform
pullout repair of the MMPRT using two cinch sutures rather than two simple stitches, we find that
the sutures elongate to some extent (average 2.3 mm, calculated as the results of this study and the
previous study [29]), and overloading on the MM posterior root/horn might be partially prevented
because the loading may be distributed to knots of the cinch. Therefore, even after starting
rehabilitation, the risk of suture cut-out would decrease, and second-look arthroscopic findings

(synovial coverage/suture cut-out) [46] or MRI findings (root healing [continuity and signal

intensity], MMME, and cartilage status) [47] would be better.

This study has some limitations. First, the sample size was small, which may have resulted
in the lack of a correlation between the preoperative morphologic features of MM and suture
translation. Second, suture translation was only evaluated under 5 N tension. Third, the morphologic
predictors of only the outer suture translation were evaluated because it was longer than inner suture

translation. Fourth, a biomechanical study was not performed and the safety of the atypical use of the

JuggerStitch for bone tunnel insertion has not been ensured, although the anchor is expected to stay

in a similar position to that for the common use. Finally, the correlation between suture translation
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and clinical results, including MRI parameters, meniscal healing status, or complications, such as

postoperative suture cut-out, was not demonstrated. Further evaluation with long-term follow-up or

biomechanical testing is needed to deepen our knowledge in the future.

5. Conclusion
The posterior anchoring method with MM posterior root repair is useful in decreasing posterior
translation of the pullout suture during knee flexion, which might have an advantage in preventing

suture pullout from the repaired MM and may lead to good clinical outcomes.
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Table 1. Patient demographics

Values
Number of patients 35
Sex (male/female) 7/28
Age (years) 67.1£8.5
Height (m) 1.55+0.1
Weight (kg) 61.4+12.6
Body mass index (kg/m?) 25.5+3.7
Duration from injury to MRI (weeks) 7.7£6.3
Kellgren-Lawrence grade (1/2) 15/20
Femorotibial angle (°) 177.8+1.9
Medial tibial posterior slope (°) 10.5+£3.6
Posterior root tear classification (1/2/4) 2/32/1

Data are presented as mean + standard deviation or number.

MRI, magnetic resonance imaging.
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399 Table 2. Medial meniscus morphological features measured using magnetic resonance imaging

Values

Coronal view

Absolute medial meniscus extrusion (mm) 3.3+0.9

Medial meniscus body width (mm) 9.442.1

Relative medial meniscus extrusion (%) 35.8¢10.4

Medial meniscus medial height (mm) 7.4£1.1
Sagittal view

Medial meniscus posterior width (mm) 13.7£2.0

Medial meniscus posterior height (mm) 6.9+1.1

400  Data are presented as mean =+ standard deviation or number.
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Figure legends

Fig. 1. Arthroscopic findings of pullout repair using two cinch sutures.

(a) A complete radial tear of the medial meniscus posterior root is confirmed by a probe.

(b) Two cinch sutures are applied using the Knee Scorpion™ (Arthrex, Inc., Naples, FL, USA) suture
passer.

(c) The tibial tunnel is created using an aiming guide.

(d) Configuration of the two cinch sutures

MFC, medial femoral condyle; MM, medial meniscus; MTP, medial tibial plateau.

Fig. 2. Arthroscopic findings of an additional all-inside anchoring suture.

(a) Additional bone tunnel is created using flexible reamer.

(b) An all-inside first suture is inserted through the inferior surface of the MM posterior horn with
tensioning two cinch sutures.

(c) An all-inside second suture is inserted into the bone tunnel in knee flexion.

(d) A final appearance following pullout and anchoring repair. Adequate tension of each suture is
confirmed.

MFC, medial femoral condyle; MM, medial meniscus; MTP, medial tibial plateau.

Fig. 3. Intraoperative measurement of outer suture translation. The suture is pulled out and tensioned
at 5 N using the Kocher clamp and a spring tensioner.

(a) Measurement bar

(b) Measurement of the distance from the edge of the bar to the marking point

(c) Lateral view of the extended knee during measurement

(d) Lateral view of the knee flexed at 90°during measurement
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Fig. 4. Magnetic resonance imaging-based measurement of the medial meniscus morphology

(a) The white solid line shows the edge of the medial tibial plateau, and the white dashed line shows
the edge of the medial meniscus. Medial meniscus medial extrusion (white solid double arrowhead),
medial meniscus body width (red dotted double arrowhead), medial meniscus medial height (yellow
dashed double arrowhead).

(b) A white solid line is drawn along the subchondral bone from the anterior to the posterior aspect of
the articular surface. Medial meniscus posterior width (red dotted double arrowhead). Medial

meniscus posterior height (yellow dashed double arrowhead).

Fig. 5. Values of suture translation from 0° to 90° of knee flexion before and after posterior

anchoring (presented as mean and standard error). *P<0.01.
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