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Abstract: Complete tear of the posterior medial meniscus root can result in a loss of hoop tension
and increased contact pressure. Thus, medial meniscus posterior root tear (MMPRT) is increasingly
recognized as an important pathology. Although several surgical techniques for MMPRT have
recently been introduced, the ideal technique is not yet established. This technical note is aimed at
introducing a novel surgical technique using two transtibial tunnels with modified Mason-Allen
stitches in the treatment of MMPRT.
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1. Introduction

A complete tear of the medial meniscus posterior root (MMPR) can cause a complete
loss of hoop tension and increased contact pressure due to altered biomechanics of the nor-
mal knee joint, paralleling complete meniscectomy or radial tear [1,2]. As an aging society
progresses, the incidence of medial meniscus posterior root tear (MMPRT) is increased.
Furthermore, the high incidence in Asia (27.8%) has been attributed to squatting and sitting
on the floor with folded legs [3].

No benefit in halting arthritic progression was obtained by use of nonoperative treat-
ment or partial meniscectomy for the treatment of complete MMPRT [4,5]. Krych et al.
reported the results of partial meniscectomy for MMPRT. They found that patients who un-
dergo arthroscopic partial meniscectomy for MMPRTs still progress to significant arthritis
and concluded that repair should be considered in select patients without degenerative
changes [5]. Therefore, if possible, restoration of meniscal function by surgical repair
is necessary.

Numerous surgical methods have recently been suggested for the repair of the MMPR.
Among them, the popularity of a transtibial pullout technique has increased consequent
to the idea that the contact pressure and contact are normalized [6]. Of the currently
available stitches, the modified Mason—Allen (MA) stitch has been accepted as an effective
technical approach [2,7].

In this study, we describe the procedure for the repair of MMPRT using two transtibial
tunnels with modified MA stitches.

2. Methods and Results
2.1. Preoperative Evaluations and Indication

All included patients underwent plain radiography and MRI to confirm the MMPRT.
We defined an MMPRT when two or more of the following signs appeared on MRI: the
absence of an identifiable meniscus or a high signal that replaced the normal dark meniscus
signal (i.e., the ghost sign) in the sagittal view, a vertical linear defect at the meniscus root in
the coronal view, and/or a radial linear defect at the posterior insertion in the axial view [8].
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The inclusion criteria were (1) an MMPRT on MRI in a patient with a Kellgren—
Lawrence (K-L) grade 1 or less, (2) those willing to follow a rehabilitation process postop-
eratively, (3) a symmetric hip—knee-ankle angle less than 5°, (4) Outerbridge classification
less than grade III, and (5) younger than 70 years of age.

2.2. Diagnostic Arthroscopy and Superficial Medial Collateral Ligament (sMCL) Release

General arthroscopic examination using anterolateral (AL) and anteromedial (AM)
portals was performed according to routine. An arthroscope (ConMed Linvatec, Largo,
FL, USA) was inserted through the AL portal, and working devices were inserted using the
AM portal.

If MMPRT was confirmed, we performed sMCL release to provide ample working
space. A ~3—4 cm vertical incision was made using a No. 15 blade at the anteromedial
aspect of the proximal tibia (Figure 1). Then, we found the sMCL and sartorius fascia. To
preserve deep MCL and proximal attachment of the sMCL, the sMCL was released more
downward than the sartorius fascia using a periosteum elevator.

€
i

Figure 1. Vertical incision made at the anteromedial aspect of the proximal tibia.

2.3. Preparation for Root Repair

An arthroscopic PassPort cannula (Arthrex, Naples, FL, USA) was inserted for the
performance of a convenient procedure and to prevent twisting of the stitch. Landmarks
relevant to the insertion of the MMPH, including tibial attachment of the posterior cruciate
ligament, tibial medial eminence, and articular surface of the tibial plateau, were then
identified. Unhealthy tissue removal of the torn meniscus edge was conducted using an
arthroscopic shaver (ConMed Linvatec, Largo, FL, USA). For the creation of a bony bed, a
curette was inserted through the AM portal, and bony preparation was performed (Figure 2).

2.4. MMPR Stitches

Passage of the Knee Scorpion suture passer (Arthrex, Naples, FL, USA) loaded with
a No. 2 Ultrabraid (Smith and Nephew, Andover, MA, USA) through the AM portal was
then performed. The separated segment of the medial meniscus posterior horn (MMPH)
was penetrated using a Scorpion needle at about 5 mm medial point to a detached margin.
The second stitch was penetrated in the anterior location of the first stitch, using the
same method. The upper two strands of the stitches were pulled out and tied. Using the
shuttle relay technique, the first stitch was exchanged with the second stitch to make a
horizontal loop (Figure 3).
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Figure 2. Arthroscopic findings: (A) arthroscopic view through the anterolateral portal of medial
meniscus posterior horn in left knee; (B) bone bed decortication at the attachment site of the me-
dial meniscus.

Figure 3. (A) The MMPH penetrated using a Knee Scorpion suture passer (Arthrex, Naples, FL, USA)
at about 5 mm medial to the detached margin. (B) The second stitch located in the anterior position
of the first stitch in the same manner. (C) Using the shuttle relay method, exchange of the first suture
with the second suture to create a horizontal loop.

The Knee Scorpion suture passer (Arthrex, Naples, FL, USA) was reintroduced
using the AM portal, and two vertical stitches penetrated just the medial side of the
horizontal stitch.

2.5. Tibial Tunnel Making

Insertion of the Meniscus Root Repair System (Smith and Nephew, Andover, MA, USA)
was conducted using the AM portal. The tip of the guide was placed in the most medial
side of the decorticated site of MMPR. A 2.4 mm Kirschner wire (K-wire) was advanced
through the guide system. The location of the K-wire was confirmed using an arthroscope
via the AL portal. The second K-wire was placed parallel and about 5 mm laterally to the
first tunnel (Figure 4). Once it was verified that the position of the K-wire was acceptable,
the medial-side K-wire was removed first. A metal wire was inserted into the created
tunnel, and then it was withdrawn through the AM portal using an arthroscopic grasper.
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Figure 4. (A) Two vertical stitches overlaying and crossing the center of the horizontal suture.
(B) Meniscus Root Repair System (Smith and Nephew, Andover, MA, USA) advanced using the AM
portal, with the tip of the guide placed in the most medial side of the decorticated site of MMPR.
(C) The second K-wire placed parallel and about 5 mm lateral to the first tunnel.

2.6. Repair of MMRT

The wire was pulled through the tibial tunnel. For the medial tunnel, two horizontal
stitches and two inferior vertical stitches were passed, resulting in a total of four stitches.
For the lateral tunnel, the two superior vertical stitches were passed. The sutures from
both tunnels were tied over the anteromedial tibial cortex, with the knee at 30° flexion. An
arthroscopic re-evaluation was conducted to check for repair of the torn posterior root and
to restore tension within the entire medial meniscus (Figure 5).

Figure 5. (A) Metal wire inserted into the tibial tunnel and pulled out through the AM portal using
an arthroscopic grasper. (B) For the medial tunnel, passage of the two horizontal stitches and the
two inferior vertical stitches, resulting in a total of 4 stitches. For the lateral tunnel, passage of the
two superior vertical stitches. (C) An arthroscopic re-evaluation to confirm repair of the MMPH and
to restore tension of the meniscus using arthroscopic probe device.

3. Case Series

A total of 20 patients were included. Their mean age was 61.5 years (range: 55-68)
and their mean preoperative alignment was 2.0° (range: 0.6-4.4°).

The International Knee Documentation Committee (IKDC) score and Lysholm score
were compared preoperatively and 1 year postoperatively; preoperative and postoperative
mean IKDC scores were 40.9 £ 11.8 and 69.5 & 11.9, and preoperative and postopera-
tive Lysholom scores were 60.2 £ 11.0 and 88.3 & 9.99, respectively. Both clinical scores
were significantly improved 1 year postoperatively compared with baseline. Upon im-
age evaluation, there was no significant difference in HKA angle at 1 year after surgery
(2.0° versus 2.8°, p = 0.08). Four of 20 knees had progressed osteoarthritis from KL grade 0
to grade 1.

4. Discussion

Findings from several clinical studies have shown an association between nonop-
erative treatment or meniscectomy with poor outcomes for the prevention or delay of
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osteoarthritis in patients with MMPRT [4,5]. Instead, repair of MMPRT can result in restora-
tion of the hoop tension biomechanically. According to a systematic review and long-term
clinical study, repair of the MMRT showed better outcomes and survivorship than other
treatments for long-term follow-up [9]. Chung et al. found that root repair showed better
results than meniscectomy in functional scores and survivorship for more than 10 years
of follow-up. According to their study, the survival rates of the repair and meniscectomy
groups were 79.6% and 44.4% at 10 years, respectively [9].

Among several techniques, repair of the MMPR using a transtibial pullout technique
was shown to restore contact pressures to the normal states and allow for the dispersal of
hoop stresses across the meniscus [10]. However, there is still considerable debate regarding
the number of tunnels.

The goal of the two-tunnel technique is to recover the normal anatomy of the MM-
PHR attachments. However, some authors have expressed concern that a problematic
tunnel coalition may lead to a narrow attachment area for the meniscus, which could
cause breakage. The single-tunnel technique reduces operation time and avoids these
disadvantages [2].

There are few clinical or biomechanical comparative studies with one or two tun-
nels. According to LaPrade et al., similar biomechanical results for the transtibial pullout
technique were shown using one- and two-tunnel techniques. They conducted a human
cadaveric study that involved a transtibial pullout repair using one or two tunnels, and
they found no significant difference in ultimate failure loads between both techniques [6].
Instead, similar studies are being actively conducted in the field of rotator cuffs [11,12]. Park
conducted a biomechanical comparative study of single-point and double-point repairs.
They found that double-point fixation (modified double row) had significantly more foot-
print contact than single-row repair [11]. Quigley et al. also reported that double fixation
was superior to single fixation biomechanically.

Therefore, we thought that the two-tunnel technique might provide greater advantages
than the one-tunnel technique in biomechanical and biological healing. In addition, as
a result of development of arthroscopic instruments such as the Meniscus Root Repair
System (Smith and Nephew) and the Knee Scorpion suture passer (Arthrex), the operation
time can be gradually reduced.

The MA stitch leads to minimal slippage and elongation of the longitudinally oriented
fibers of the meniscus or tendon and provides a greater holding power [2]. In a comparative
study of MMPRT repair using MA or simple stitches, the MA stitch showed significantly
superior outcomes with respect to postoperative extrusion and root healing. [13]. By using
these devices, there is also room for passing the thread through the tunnel, providing easier
use of the double Mason—-Allen stitches.

5. Conclusions

Although several repair techniques for MMPRT have recently been introduced, the
ideal technique has not yet been established. Our technique might be beneficial in the
restoration of the function of the medial meniscus in patients who present MMPRT. How-
ever, further clinical and biomechanical studies are necessary to validate this technique.

Author Contributions: D.-H.K. contributed to the conceptualization of the approach, surgical proce-
dures, data analysis, writing of article, and submission of article; D.-H.K. and C.-].Y. contributed to
the writing of the article; K.-C.B. and J.-H.K. contributed to the data collection and critical review of
the article. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Bisa Research Grant of Keimyung University
in 2022(20220357).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent was obtained from the patients to publish
this paper.



Medicina 2023, 59, 922 60f6

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

Hong, S.Y.; Han, W.; Jang, ].; Lee, J.; Ro, D.H.; Lee, M.C.; Han, H.-S. Prognostic Factors of Mid- to Long-term Clinical Outcomes
after Arthroscopic Partial Meniscectomy for Medial Meniscal Tears. Clin. Orthop. Surg. 2022, 14, 227-235. [CrossRef] [PubMed]
Lee, D.W.; Jang, S.H.; Ha, ] K.; Kim, ].G.; Ahn, ].H. Meniscus root refixation technique using a modified Mason-Allen stitch. Knee
Surg. Sport. Traumatol. Arthrosc. 2013, 21, 654-657. [CrossRef] [PubMed]

Bin, S.I; Kim, ].M.; Shin, S.]. Radial tears of the posterior horn of the medial meniscus. Arthroscopy 2004, 20, 373-378. [CrossRef]
[PubMed]

Krych, AJ.,; Reardon, PJ.; Johnson, N.R.; Mohan, R.; Peter, L.; Levy, B.A.; Stuart, M.]. Non-operative management of medial
meniscus posterior horn root tears is associated with worsening arthritis and poor clinical outcome at 5-year follow-up. Knee
Surg. Sport. Traumatol. Arthrosc. 2017, 25, 383-389. [CrossRef] [PubMed]

Krych, AJ,; Johnson, N.R.; Mohan, R.; Dahm, D.L.; Levy, B.A.; Stuart, M.]J. Partial meniscectomy provides no benefit for
symptomatic degenerative medial meniscus posterior root tears. Knee Surg. Sport. Traumatol. Arthrosc. 2018, 26, 1117-1122.
[CrossRef] [PubMed]

LaPrade, C.M.; LaPrade, M.D.; Turnbull, T.L.; Wijdicks, C.A.; LaPrade, R.F. Biomechanical evaluation of the transtibial pull-out
technique for posterior medial meniscal root repairs using 1 and 2 transtibial bone tunnels. Am. J. Sport. Med. 2015, 43, 899-904.
[CrossRef] [PubMed]

Oh, S.Y,; Jang, Y.H.; Chae, L.S.; Kim, S.H. Prevalence and Clinical Impact of Acromial Cupping after Arthroscopic Rotator Cuff
Repair: Does Acromioplasty Matter? Clin. Orthop. Surg. 2021, 13, 520-528. [CrossRef] [PubMed]

Lee, Y.G,; Shim, J.C.; Choi, Y.S.; Kim, ].G.; Lee, G.J.; Kim, H.K. Magnetic resonance imaging findings of surgically proven medial
meniscus root tear: Tear configuration and associated knee abnormalities. J. Comput. Assist. Tomogr. 2008, 32, 452-457. [CrossRef]
[PubMed]

Chung, K.S.; Ha, ] K,; Ra, H.J.; Yu, WJ.; Kim, J.G. Root Repair Versus Partial Meniscectomy for Medial Meniscus Posterior Root
Tears: Comparison of Long-term Survivorship and Clinical Outcomes at Minimum 10-Year Follow-up. Am. J. Sport. Med. 2020,
48, 1937-1944. [CrossRef] [PubMed]

LaPrade, C.M.; Jansson, K.S.; Dornan, G.; Smith, S.D.; Wijdicks, C.A.; LaPrade, R.F. Altered tibiofemoral contact mechanics due to
lateral meniscus posterior horn root avulsions and radial tears can be restored with in situ pull-out suture repairs. J. Bone Jt. Surg.
Am. 2014, 96, 471-479. [CrossRef] [PubMed]

Park, M.C.; Pirolo, ].M.; Park, C.J.; Tibone, ].E.; McGarry, M.H.; Lee, T.Q. The effect of abduction and rotation on footprint contact
for single-row, double-row, and modified double-row rotator cuff repair techniques. Am. J. Sport. Med. 2009, 37, 1599-1608.
[CrossRef] [PubMed]

Quigley, R].; Gupta, A.; Oh, J.H.; Chung, K.C.; McGarry, M.H.; Gupta, R; Tibone, J.E.; Lee, T.Q. Biomechanical comparison
of single-row, double-row, and transosseous-equivalent repair techniques after healing in an animal rotator cuff tear model. J.
Orthop. Res. 2013, 31, 1254-1260. [CrossRef] [PubMed]

Lee, D.W,; Kim, M.K,; Jang, H.S.; Ha, J.K.; Kim, J.G. Clinical and radiologic evaluation of arthroscopic medial meniscus root
tear refixation: Comparison of the modified Mason-Allen stitch and simple stitches. Arthroscopy 2014, 30, 1439-1446. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.4055/cios20185
https://www.ncbi.nlm.nih.gov/pubmed/35685983
https://doi.org/10.1007/s00167-012-1992-8
https://www.ncbi.nlm.nih.gov/pubmed/22527412
https://doi.org/10.1016/j.arthro.2004.01.004
https://www.ncbi.nlm.nih.gov/pubmed/15067276
https://doi.org/10.1007/s00167-016-4359-8
https://www.ncbi.nlm.nih.gov/pubmed/27761625
https://doi.org/10.1007/s00167-017-4454-5
https://www.ncbi.nlm.nih.gov/pubmed/28184957
https://doi.org/10.1177/0363546514563278
https://www.ncbi.nlm.nih.gov/pubmed/25573393
https://doi.org/10.4055/cios21010
https://www.ncbi.nlm.nih.gov/pubmed/34868502
https://doi.org/10.1097/RCT.0b013e31812f4eb0
https://www.ncbi.nlm.nih.gov/pubmed/18520556
https://doi.org/10.1177/0363546520920561
https://www.ncbi.nlm.nih.gov/pubmed/32437216
https://doi.org/10.2106/JBJS.L.01252
https://www.ncbi.nlm.nih.gov/pubmed/24647503
https://doi.org/10.1177/0363546509332506
https://www.ncbi.nlm.nih.gov/pubmed/19417121
https://doi.org/10.1002/jor.22363
https://www.ncbi.nlm.nih.gov/pubmed/23572388
https://doi.org/10.1016/j.arthro.2014.05.029
https://www.ncbi.nlm.nih.gov/pubmed/25113259

	Introduction 
	Methods and Results 
	Preoperative Evaluations and Indication 
	Diagnostic Arthroscopy and Superficial Medial Collateral Ligament (sMCL) Release 
	Preparation for Root Repair 
	MMPR Stitches 
	Tibial Tunnel Making 
	Repair of MMRT 

	Case Series 
	Discussion 
	Conclusions 
	References

