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Second-Look Arthroscopic Assessment and Clinical
Results of Modified Pull-Out Suture for Posterior Root
Tear of the Medial Meniscus

Jin-Ho Cho, MD and Jae-Gwang Song, MD
Department of Orthopaedic Surgery, Inje University Ilsan Paik Hospital, Goyang, Korea

Purpose: To identify the structural integrity of the healing site after arthroscopic repair of a posterior root tear of the medial meniscus by second-look
arthroscopy and to determine the clinical relevance of the findings.

Materials and Methods: From January 2005 to December 2010, 20 consecutive patients underwent arthroscopic modified pull-out suture repair for a
posterior root tear of the medial meniscus. Thirteen patients were available for second-look arthroscopic evaluation. The healing status of the medial
meniscus was classified as complete healing, lax healing, scar tissue healing, and failed healing. We evaluated the correlation between the clinical
symptoms and second-look arthroscopic findings. Clinical evaluation was based on the Lysholm knee scores and Hospital for Special Surgery (HSS)
scores.

Results: There were 4 cases of complete healing, 4 lax healing, 4 scar tissue healing, and 1 failed healing. The healing status of the repaired meniscus
appeared to be related to the clinical symptoms. Patients who achieved complete tissue healing had no complaint. The healing status exhibited no
relationship with age, mechanical axis, degree of subluxation, and symptom duration. The mean Lysholm score improved from 34.7 preoperatively to
75.6 at follow-up and the mean HSS score also significantly increased from 33.5 to 82.2.

Conclusions: We achieved 4 complete and 8 partial healing (lax or scar) of the medial meniscus in this retrospective case series of posterior horn
meniscus root repairs performed by 1 surgeon. Further research is needed to clarify why all patients showed clinical improvement despite findings of
partial healing on second-look arthroscopy.
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Introduction meniscal posterior horn, pull out suture repair or suture anchor

repair of the meniscus may be used to restore the hoop tension of

Transection of the posterior horn of the medial meniscus de-
stroys the ability of the meniscus to withstand hoop tension. As a
result, extrusion of the medial meniscus from the joint space oc-
curs; this can then lead to the development of a medial compart-
ment degenerative arthritis"”. For complete radial tears of the
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the meniscus. Biomechanical studies recently demonstrated that
the repair of a posterior root tear of the medial meniscus could
restore knee joint kinematics in cadaver knees*”. However, few
clinical investigations have been performed to determine the out-
comes of root repair of the medial meniscus”.

The objective of this study was to determine the structural in-
tegrity of the meniscal healing site with second-look arthroscopy
and to evaluate the clinical relevance of these findings after ar-

throscopic repair of root tears of the medial meniscus.

Materials and Methods

1. Patient Selection

After obtaining approval from our institutional review board,
we conducted a retrospective review of medical records of pa-
tients who underwent arthroscopic pull-out suture repair for a
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root tear of the medial meniscus at our institution between Janu-
ary 2005 and December 2010. The indications for surgery were
as follows: 1) an acute traumatic or chronic degenerative root tear
based on clinical and magnetic resonance imaging (MRI) find-
ings, 2) Kellgren-Lawrence grade 1 or 2 on preoperative simple
radiographs, 3) International Cartilage Repair Society (ICRS)
grade IT or less chondral lesion according to preoperative MRI, 4)
less than 4.5 mm medial meniscus subluxation from the medial
tibial plateau on coronal MRI, and 5) weight bearing line (the line
connecting the center of the femoral head to the center of the an-
kle) passing more than 25% of the tibial width in lower extremity
scanography. Potentially irreparable complex root tears and root
tears with definitive medial meniscus degeneration were exclud-
ed because the meniscus was not considered sufficiently strong to
withstand the tension after sutures due to severe degeneration. In
addition, patients with a body mass index (BMI) of greater than
30 were excluded. Patients with other procedures were included
(articular cartilage debridement in 2 and Baker’s cystectomy in
1). We evaluated the age, weight bearing line (mechanical align-
ment), symptom duration, meniscus subluxation on MRI to
investigate the factors related to healing potential. Among the 20
consecutive cases, 13 underwent second look arthroscopy and
were thus enrolled in this retrospective study. All data were ana-
lyzed, including information obtained from reviewing medical
records and arthroscopic photographs. Second-look arthroscopy
was performed after hardware removal on patient’s demand 6
months after surgery.

Fig. 1. Arthroscopic image showing a complete root tear of the posterior
horn of the medial meniscus (MM) through the anterolateral portal in
the left knee. MFC: medial femoral condyle.
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2. Surgical Technique

Modified pull-out suture repair was performed using a tech-
nique described by Cho®. After routine arthroscopic examina-
tion of the knee joint, a posteromedial portal was established
using the transillumination technique. After identifying the
location of a lesion (Fig. 1), the footprint was confirmed by re-
moving the cartilage of the tibial plateau that was attached to
the posterior root of the medial meniscus, using a curette and
a round bur inserted through the posteromedial portal. Under
arthroscopic visualization through the anterolateral portal, the
anterior cruciate ligament tibial drilling guide (Linvatec, Largo,
FL, USA) was introduced through the posteromedial portal.
The tip of the guide was placed at the decorticated footprint of
the posterior root of the medial meniscus. After making a 2-cm
vertical incision on the anteromedial cortex of the proximal tibia,
the sleeve of the guide with 40°-45° was fixed. The entry point
at the tibial anteromedial cortex was aimed at the midportion of
the tibial shaft and approximately 2—-3 c¢m anterior to the medial
collateral ligament insertion. A guide pin was drilled through the
sleeve from the anteromedial cortex of the proximal tibia to the
posterior root tear site of the medial meniscus. A tibial tunnel
was made using a 6 mm reamer (Linvatec) to extend from the
anteromedial cortex of the proximal tibia to the footprint of the
posterior root of the medial meniscus. While visualizing from
the anterolateral portal, a crescent-shaped suture hook (Linvatec)
loaded with a No. 0 PDS (Ethicon, Somerville, NJ, USA) suture
material was inserted through the posteromedial portal (Fig.

Fig. 2. Under visualization through the anterolateral portal, a suture
hook loaded with a No. 0 PDS suture material was inserted through the
posteromedial portal. With a grasper, it was advanced into the intra-
articular space through the tibial tunnel, and one end of the strand was
retrieved out of the tunnel.
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Fig. 3. Arthroscopic image showing the suture hook tip penetrating
through the detached root portion of the medial meniscus posterior
horn from the femoral surface to the tibial surface in a vertical direction.
After one end of the PDS strand was advanced through the suture hook,
it was retrieved out through the transtibial tunnel using an already in-
serted grasper.

2). The detached root portion of the medial meniscus posterior
horn was penetrated by the sharp tip of the crescent-shaped
suture hook from the femoral surface to the tibial surface of the
meniscus in a vertical direction. Then, some portion of the total
length of the PDS was advanced through the suture hook into the
intra-articular space through the tibial tunnel with a grasper. At
the same time, the one end of the suture was retrieved through
the tibia using the already inserted grasper (Fig. 3), and the su-
ture hook was withdrawn upward. Subsequently, the other end
of the PDS strand was retrieved through the tibial tunnel with a
grasper. In the same manner, additional 1 PDS suture strand was
advanced through the posterior horn of the medial meniscus into
the tibial tunnel with a grasper. By pulling the ends of the suture
under adequate tension, the posterior root of the medial menis-
cus could be reduced and stabilized under adequate tension (Fig.
4). Subsequently, the suture strands were post-tied and fixed with
a 6.5 mm a cancellous bone screw and a smooth washer to the
anterior cortex of the tibia.

3. Postoperative Management

A cylinder leg splint was applied with the leg in full extension
for 2 postoperative weeks and a limited-motion brace was subse-
quently applied to restrict knee motion. Patients were kept non-
weight bearing on crutches for 6 postoperative weeks. Quadri-
ceps muscle exercises, as well as straight-leg raise exercises, were

Fig. 4. Arthroscopic image from the anterolateral portal showing reat-
tachment of the posterior root of the medial meniscus to the tibial tun-
nel site under adequate tension. MM: medial meniscus, MFC: medial
femoral condyle.

performed several times daily. Up to 90° of active motion was
allowed after the first 4 weeks and then the range of flexion in-
creased gradually up to 135°. Full-weight bearing without crutch-
es was allowed 8 weeks after surgery. Full flexion and squatting
were permitted 3 months after surgery. Patients returned to their
previous level of exercise after 6 postoperative months.

4. Second-Look Arthroscopy

Among the 20 patients who underwent root repair, 13 were
available for second-look arthroscopy performed by one ortho-
paedic surgeon at our hospital. The healing status of the repaired
meniscus was classified according to the method of Seo et al.”
(complete healing, lax healing, scar tissue healing, and failed
healing). Complete healing was defined as meniscal continuity
with no cleft, no lifting on probing, and normal meniscal tension
at the repair site (Fig. 5). Lax healing was defined as apparent
increase in meniscus lifting and mobility on probing with good
meniscal continuity (Fig. 6). Scar tissue healing was defined as a
meniscus that could be easily raised on probing and showed no
true meniscal continuity except for some connecting scar tissue
fibers between the tibial attachment site and the posterior horn of
the medial meniscus (Fig. 7). Finally, failed healing was defined
as no continuity and no evidence of meniscal healing at the repair
site (Fig. 8). In addition, chondral lesions were evaluated during
second-look arthroscopy using arthroscopic photographs and
described according to ICRS grade”.
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Fig. 5. Images of the knee with complete
healing. (A) T2-coronal magnetic resonance
image showing a root tear of the posterior
horn of the medial meniscus in the left
knee. (B) Arthroscopic photograph showing
the complete root tear of the posterior horn
of the medial meniscus. (C) Arthroscopic
photograph showing firm reattachment of
the posterior root of the medial meniscus
to the tibial tunnel site. (D) Second look
arthroscopic photograph showing complete
healing of the root tear site of the medial
meniscus.

Fig. 6. Images of the knee with lax healing.
(A) T2-coronal magnetic resonance image
showing a root tear of the posterior horn
of the medial meniscus in the right knee.
(B) Arthroscopic photograph showing the
complete root tear of the posterior horn
of the medial meniscus. (C) Arthroscopic
photograph showing reattachment of the
posterior root of the medial meniscus to
the tibial tunnel site. (D) Second look ar-
throscopic photograph showing lax healing
of root tear site of the medial meniscus; it
was easily lifted on probing despite good
meniscal continuity.

5. Clinical Assessment Special Surgery (HSS) scores performed before surgery and at the
Clinical assessment consisted of evaluation using objective and  final follow-up. Final follow-up examinations were performed
subjective Lysholm functional questionnaires and Hospital for =~ immediately before second-look arthroscopy. Symptomatic im-
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Fig. 7. Images of the knee with scar healing.
(A) T2-coronal magnetic resonance image
showing a toot tear of the posterior horn
of the medial meniscus in the left knee.
(B) Arthroscopic photograph showing the
complete root tear of the posterior horn
of the medial meniscus. (C) Arthroscopic
photograph showing reattachment of the
posterior root of the medial meniscus to
the tibial tunnel site. (D) Second look ar-
throscopic photograph showing scar tissues
between the root tear site and the tibial at-
tachment site.

Fig. 8. Images of the knee with failed heal-
ing. (A) T2-coronal magnetic resonance
image showing a root tear of the posterior
horn of the medial meniscus in the left
knee. (B) Arthroscopic photograph showing
the complete root tear of the posterior horn
of the medial meniscus. (C) Arthroscopic
photograph showing reattachment of the
posterior root of the medial meniscus to
the tibial tunnel site. (D) Second look ar-
throscopic photograph showing no conti-
nuity and no evidence of meniscal healing
at the repair site; it was easily lifted with a
probe.

provement after pull-out suture was evaluated at the final follow-  compare preoperative and postoperative data. Statistical signifi-
up. Statistical analysis was performed with SPSS 11.0. (SPSS Inc.,  cance was accepted at p<0.05.
Chicago, IL, USA) The Wilcoxon signed-rank test was used to



Results

Among the 13 patients who were available for second-look
arthroscopy, 12 were female and 1 was male. Their average age
at the time of the index surgery was 50.3 years (range, 41 to 69
years). The mean symptom duration before root repair was 12.5
weeks (range, 1 week to 18 months), and the average time be-
tween the initial surgery and the second-look arthroscopy was 7.1
months (Table 1). All cases had no acute trauma events.

1. Second-Look Arthroscopy

Among the 13 patients, 7 were asymptomatic. The remaining
6 complained of knee pain aggravated by going down stairs and
showed joint line tenderness and effusions at physical examina-
tion without any specific signs associated with mechanical ab-

Table 1. Patient Demographics and General Findings
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normalities, such as locking, giving way and limitation of range
of motion. At second-look arthroscopy, complete tissue healing
with symptomatic improvement was seen in four knees, lax tissue
healing in four knees (symptomatic in 2 and asymptomatic in 2),
scar tissue healing in four knees (symptomatic in 3 and asymp-
tomatic in 1) and failed healing with no symptomatic improve-
ment in 1 knee. Two patients who underwent chondral shaving
of the medial femoral condyle (due to ICRS grade 2) achieved
complete tissue healing and no aggravation of the cartilage lesion
in the medial femoral condyle. The healing status of the repaired
meniscus appeared to be related to the postoperative clinical
symptoms. The four patients who achieved complete tissue heal-
ing were all asymptomatic. Two of four patients who achieved lax
tissue healing and three of the four patients who achieved scar tis-
sue healing and one who failed tissue healing complained of per-

Meniscal ~ Symptom

No. Sex g%; hlli;lzzd V(\f:; subluxation  duration ?;r;fgg: Additional procedures infg:;f;[;n;m Iy ((rl:;:;tlon Pi::ltz:g
(mm) (wk)
1 F 56 L 33 3.8 4 /11 None No 24 Scar
2 M 47 L 35 1.7 7 /1T Articular cartilage debridement ~ No 6 Failed
3 F 56 L 42 1.2 8 1 None Improve 9 Complete
4 F 56 L 25 0 36 II/IIT None No 8 Lax
5 F 41 L 55 0 4 /I None Improve 6 Complete
6 F 46 R 43 25 2 /1 None Improve 9 Complete
7 F 64 R 26 1.8 1 /1T Articular cartilage debridement ~ Improve 7 Complete
8§ F 47 L 44 2.2 8 /1L None No 5 Scar
9 F 55 R 27 32 8 /11 Baker’s cystectomy Improve 7 Lax
100 F 57 R 67 2.8 1 /11 None No 5 Scar
11 F 56 R 28 4.2 72 II/1T None Improve 6 Scar
12 F 68 L 39 1.4 4 I/1T None No 6 Lax
13 F 48 R 56 4.3 8 /1 None Improve 6 Lax
WBL: weight bearing line, F/U: follow-up, L: left, R: right.
Table 2. Factors Associated with Healing Status Table 3. Functional Score Comparison
Variable Complete Lax Scar Fail p-value ) Lysholm score HSS score
N 4 4 4 1 Variable Preop Postop Preop Postop
Age (yr) 51.75 56.75 54 47  >0.05 Complete 354 83.2 31.6 87.7
WBL (%) 4133 3775 40 35 >0.05 Lax 32.2 77.5 36.8 85.3
Subluxation (mm) 1.37 317 23 1.7 >0.05 Scar 37.6 71.5 34.3 78.4
Duration (wk) 3.75 24 44 >0.05 Fail 31 54 25 63
Symptom improvement (%) 100 71 25 0 <0.05 Total 34.8 75.6 335 822

WBL: weight bearing line.

HSS: Hospital for Special Surgery, Preop: preoperative, Postop: post-
operative.



112 Cho and Song. Second-Look Arthroscopy of Clinical Results and Root Tear of Medial Meniscus

sistent knee pain (Table 1). However, the healing status showed
no relationship with age, BMI, symptom duration, Mechanical
alignment and the degree of medial meniscus subluxation (Table
2).

2. Clinical Assessment

The mean Lysholm score increased from 34.7 points (range,
31 to 40 points) before root repair to 75.6 points (range, 51 to
89 points) at the second-look arthroscopy (p<0.5). Similarly, the
mean Hospital for Special Surgery score also significantly im-
proved from 33.5 points (range, 25 to 46 points) to 82.2 points
(range, 63 to 95 points; p=0.003) The Clinical scores of the com-
plete tissue healing group were higher than those of the lax, scar
or failed healing groups (Table 3).

Discussion

Recently, posterior root tears of the medial meniscus have
become increasingly recognized, but relatively few reports have
described the results of meniscal tear repairs. Traditionally, par-
tial menisectomy has been considered an effective treatment for
posterior root tears of the medial meniscus®”. Bin et al."” also
achieved good results using a partial menisectomy in patients in
whom a posterior root tear of the medial meniscus was the main
cause of mechanical pain. However, it has been recognized that
while some of these patients do well after surgery, many patients
continue to suffer from knee pain during weight-bearing activi-
ties and are dissatisfied with the outcomes of the procedure.
Partial menisectomy does not restore the normal biomechanical
function of the meniscus. In addition, root repairs have yet to be
proven to ensure normal kinematics in in vivo human studies. It
is believed that a torn medial meniscus root should be repaired to
recover hoop tension, even though the posterior horn attachment
of the meniscus is covered with vascular synovial tissues and ap-
pears to have a good blood supply"”.

Many surgical techniques have recently been introduced for the
repair of posterior root tears of the medial meniscus' . Repair
is a reasonable option in acute and subacute cases or in chronic
cases where there is little or no articular cartilage but good pres-

1", described a

ervation of healthy meniscal tissue. Griffith et a
technique that combines an arthroscopic approach to repair the
medial meniscal root to a decorticated foot print via suture tun-
nels over a bone bridge. Ahn et al.'” recommended a pullout su-
ture technique for anchoring the posterior horn of the meniscus.

1 17)

Lee et al. ” demonstrated that clinical results significantly im-

proved at a minimum follow-up of 2 years after the arthroscopic
pullout suture repair of posterior root tears of the medial menis-
cus. They also reported that all repaired menisci had healed com-
pletely by second-look arthroscopy without additional chondral
lesions. On the other hand, Seo et al.” reported that none of the
11 knees showed complete meniscus healing at the final follow-
up. The majority showed lax or scar tissue healing, even though
meniscal continuity was observed between the posterior horn of
the medial meniscus and the tibial attachment site on the second-
look arthroscopy.

We used an all-arthroscopic modified pull-out suture technique
in an attempt to restore the meniscal attachment in the present
study. Four of the 13 knees showed complete meniscus healing.
Compared with the other healing status groups (lax, scar, and
failed healing groups), there were no specific factors that could
be associated with the meniscal healing in the complete healing
group. However, the 1 patient with failed meniscal healing was
not cooperative with the postoperative care. He did not suffi-
ciently adhere to non-weight bearing restrictions. We think that
a sufficient period of non-weight bearing restriction is crucial to
the meniscal healing. From a clinical point of view, significant
improvements were obtained based on the evaluation of the
Lysholm scores and HSS scores. Seo et al.” reported healing of
the menisci after repair appeared to be unrelated to the clini-
cal improvement of symptoms. However, in the present study,
meniscal healing seemed to be related to clinical symptomatic
improvement: symptoms were improved in all patients in the
complete healing group and good clinical outcomes were ob-
tained in patients with incomplete meniscal healing (lax and scar
healing). It is unclear why most patients demonstrated clinical
improvement after root repair even though the structural integ-
rity of the repaired meniscus was not observed to be restored.

The limitations of this study include the followings. First, be-
cause of its retrospective study design, anatomical data of the
patients who did not have a second-look arthroscopy were not
available; therefore, selection bias may have affected the results.
Second, other factors that may influence the results were not
evaluated, including postoperative compliance, patient’s occupa-
tion and life style and time between root repair and second-look
arthroscopy. Third, the cohort was small and most patients were
female. Fourth, all the operations were performed using a single
technique; therefore, the results may not be extrapolated to other
techniques used for root repair. Fifth, the average follow-up pe-
riod (7 months) was short.



Conclusions

Arthroscopic pull-out suture repair is an effective method pro-
viding promising clinical results for patients with a symptomatic
posterior root tear of the medial meniscus or even with a chronic
degenerative root tear. However, it is unclear why clinical im-
provement occurred after root repair even in patients in whom
structural integrity of the meniscus was not considered restored
on second-look arthroscopy.
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