Systematic Review

Repair of Radial Meniscus Tears Results in Improved = ®
Patient-Reported Outcome Scores: A Systematic
Review

Eric M. Milliron, B.S., Robert A. Magnussen, M.D., M.P.H., Parker A. Cavendish, B.S.,
John P. Quinn, B.S., Alex C. DiBartola, M.D., M.P.H., and David C. Flanigan, M.D.

Purpose: To quantify healing rates and patient-reported outcome scores following repair of radial meniscus tears.
Methods: PubMed, Scopus, and Embase databases were searched according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. Inclusion criteria included: human subjects with meniscal tears, full-
text English language, average follow-up of at 1 year, and publication after the 2000. Exclusion criteria included
technical, biomechanical, and cadaveric studies. Study quality was assessed using Coleman Methodology Scores and
Methodological Index for Non-Randomized Studies (MINORS) criteria. Results: Twelve studies reported on the repair of
243 radial tears in 241 patients. The mean Modified Coleman Methodology Score was 46.8, range 26-60, with a mean level of
evidence of 3.5. Arthroscopic techniques were used in all studies, with 1 study using an arthroscopic-assisted 2-tunnel trans-
tibial pullout technique. The mean patient age was 32 years (11-71). The mean follow-up was 35 months (12 to 75.6). The
average time to surgery was 10.9 months (0.5-22.4). Eight of the 12 studies reported concomitant anterior cruciate ligament
(ACL) reconstruction, with 64% having concomitant ACL injury. The most common outcome measure was the Lysholm
score, which improved from 47-68.9 preoperatively to 86.4-95.6 postoperatively. Tegner Activity Scale improved from 2.5-
3.1 preoperatively to 4.7-6.7 postoperatively. Healing rates were reported via magnetic resonance imaging and second-look
arthroscopy. Second-look arthroscopy was performed for a variety of indications, including removal of screw, washers or
plates, dissatisfaction with original procedure, partial healing found on magnetic resonance imaging, or desire of the patient
to know the true healing status before return to sport. Of those assessed, 62.0% had complete healing, 30.0% partial healing,
and 8.0% failure to heal. Conclusions: Patient-reported outcomes of radial meniscus repair with and without ACL
reconstruction are encouraging, with high patient-reported outcomes reported at final follow-up when compared with
preoperative scores. Among all meniscus repairs assessed for healing, the majority demonstrated at least some healing with
an overall low rate of failure. Level of Evidence: IV; systematic review of level III-IV studies.

he meniscus is a complex, soft-tissue structure

composed of a high amount of fluid and a
specialized extracellular matrix." Its function is vital
for both stability and overall health of the knee joint.’
Meniscal injury remains one of the most common
knee injuries presented to orthopaedic surgeons.” At
an estimated 850,000 surgeries performed on the
meniscus annually,” management of these injuries is of
great importance within the field. Within recent years,

there has been a shift in the paradigm of approach to
meniscus injuries.” As evidence continues to show an
association between meniscectomy and osteoarthritic
changes over time,®® the focus on preservation of
meniscal tissue has become increasingly imperative.
This general shift in approach to meniscal injury
has led to the emergence of arthroscopic repair tech-
niques as gold standard for management of many tear

types.”
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Classification of tears over time has led to a better
understanding of the optimal means of surgical man-
agement.'’ Common types such as longitudinal or
horizontal tears can be treated arthroscopic repair with
excellent results."''”> Conversely, radial meniscus tears
are a subtype of meniscus injury that has historically
been associated with poor prognosis. Factors contrib-
uting to this prognosis include a loss of hoop stress,
decreased tibiofemoral contact area, and unfavorable
dynamic contact pressures.'* It was formerly thought
that radial tears did not lend themselves well to surgical
repair, and these tears were generally treated with
partial meniscectomy. Despite the aforementioned shift
in paradigm, the management of radial tears has
seemingly lagged behind the other classes of tears. As
the literature continues to be updated with studies
focused on repairing radial tears and the outcomes
following such procedures, it is worth re-examining the
current state of surgical repair of radial tears, and
associated outcomes.

Through search of the literature, 2 other systematic
reviews focused on radial meniscus repair were found.
Moulton et al."” conducted a review of 6 studies and

E. M. MILLIRON ET AL.

concluded that radial meniscus repair produced
satisfactory outcomes in the short term. Lee et al.,'® in
review of 17 studies focused solely on repair of medial
meniscus posterior root tears, similarly discovered
improvement in clinical outcomes. Although these re-
views effectively establish the value in repairing radial
meniscus tears, neither explicitly report on subsequent
healing rates of the meniscus, a vital aspect of better
understanding outcomes. Therefore, we performed a
systematic review of published literature to help further
inform clinician decision making when considering the
approach to radial meniscus tears. The purpose of this
study is to quantify healing rates and patient-reported
outcome scores following repair of radial meniscus
tears. We hypothesized that radial meniscus repair
would result in high healing rates and improvement in
patient-reported outcome measures from preoperative.

Methods

Search Strategy and Selection Criteria
A systematic search of the medical literature was
conducted in the PubMed, Embase, and Scopus
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Fig 1. Preferred Reporting Items
for Systematic Reviews and
Meta-Analyses (PRISMA) flow
diagram outlining algorithm for
study inclusion and exclusion.
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Fig 2. Forest plot of preoperative Lysholm knee scores. (CI, confidence interval; ES, effect size.)

databases in accordance with the guidelines set for
standardized reporting of systematic reviews by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement to identify studies
that assessed outcomes following radial meniscus
repair.” All studies generated from the search criteria
were independently reviewed for inclusion by 2 au-
thors, EEM.M. and J.Q., with disagreements on article
inclusion mediated by a third author, P.C. Included
studies were published in English since the year 2000
with a minimum mean follow-up of 12 months after
radial meniscus repair. Only articles published in the
last 20 years were eligible for inclusion to minimal
heterogeneity due to changes in repair techniques over
time. This date was arbitrarily chosen.

Study Selection and Data Extraction

An initial search (January 28, 2020) of PubMed,
Embase, and Scopus databases yielded a total of 78
unique articles (search terms, ("radial"[All Fields] OR
"radially"[All Fields] OR ‘'radials"[All Fields]) AND
("meniscus"[MeSH Terms] OR "meniscus"[All Fields]
OR "menisci"[All Fields]) AND ("repairability"[All
Fields] OR ‘"repairable"[All Fields] OR ‘"repaire"[All
Fields] OR "repaired"[All Fields] OR
"repairment"[All Fields] OR ("healing"[All Fields]) OR
"repair"[All Fields] OR ‘repairing"[All Fields] OR
"repairs"[All Fields]) AND ("outcome"[All Fields]
OR "outcomes"[All Fields]). These articles were inde-
pendently screened by title and abstract based on the
inclusion and exclusion criteria. Included studies were

Study Year ES (95% Cl)
1
i

Song. et al 2014 —_—— 3.10 (1.53, 4.67)
1
:
1
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Gan. etal 2020 S 2.50 (-0.05, 5.05)
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I
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Fig 3. Forest plot of postoperative Lysholm knee scores. (CI, confidence interval; ES, effect size.)
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Fig 4. Forest plot of preoperative Tegner knee scores. (CI, confidence interval; ES, effect size.)

those with human subjects, tears of the medial or lateral
meniscus, or both, full-text English manuscripts, follow
up of at least 12 months, all levels of evidence and
published after the year 2000. Studies were excluded if
they were technical notes or biomechanical or cadav-
eric studies. The initial screen eliminated 50 studies,
and 28 studies remained for full-text analysis. Full-text
analysis against the inclusion and exclusion criteria
resulted in 12 studies on radial meniscus repair being
suitable for inclusion (Fig 1).'®*” Two authors, E.M.M.
and J.Q., independently extracted and recorded out-
comes data following radial meniscus repair from the
12 articles. Extracted data included patient-reported
outcomes as well as rates of reoperation and status of

repair assessed by magnetic resonance imaging (MRI)
or second-look arthroscopy.

Methodologic Quality and Bias Assessment

Study methodologic analysis was completed using the
Modified Coleman Methodology Score system.’” The
maximum score is 100, with scores greater than 85
defining an excellent study, 70 to 84 a good study, 55 to
69 a fair study, and less than 55 a poor study (Table 1).
Based on the criteria set by the Centre for Evidence-
Based Medicine on the levels of evidence for
therapeutic studies, included studies ranged from Level
I through Level IV evidence.”' Because all included
studies were nonrandomized, risk of bias was appraised
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Fig 5. Forest plot of postoperative Tegner knee scores. (CI, confidence interval; ES, effect size.)
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Fig 6. Forest plot of preoperative IKDC knee scores. (CI, confidence interval; ES, effect size; IKDC, International Knee Docu-

mentation Committee;)

for each study using the Cochrane Risk of Bias In Non-
randomized Studies—of Interventions (ROBINS-I) tool
(Table 2).>*

Statistical Analysis

Descriptive statistics were generated and summarized
for all study characteristics. Ranges were reported for
outcomes scores where appropriate (Figs 2-7). Statisti-
cal analyses were performed with STATA 14.0 (Stata-
Corp, College Station, TX).

Results

Study Characteristics

An initial search (January 28, 2020) of PubMed,
Embase, and Scopus databases yielded a total of 78
unique articles. The initial screen eliminated 50 studies,
and 28 studies remained for full-text analysis. Full-text
analysis against the inclusion and exclusion criteria
resulted in 12 studies on radial meniscus repair being
suitable for inclusion (Fig 1).'®?” Two authors, E.M.M.
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Fig 7. Forest plot of postoperative IKDC knee scores. (CI, confidence interval; ES, effect size; IKDC, International Knee Docu-

mentation Committee;)
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Timing of
Outcome
Clear
2
0
2
2
2
2
2
2
2
2
2
2

Clearly Assessment

Bias Assessment

Bias appraisal was completed using the ROBINS-I tool
(Table 2). Of the 12 studies included, 8 of 12 had a
serious overall risk of bias, defined as a serious risk of
bias in at least 1 domain. Four of 12 had a moderate
overall risk of bias, defined as low or moderate risk of
bias for all domains. Per the bias tool, all studies with a
serious overall risk of bias are noted to have some
important problems, whereas all studies with a mod-
erate overall risk of bias are noted provide sound evi-

Outcome

Description Description of Measures

Diagnostic of Surgical Postoperative

Study Certainty Technique Rehabilitation Defined
0
0
10
10
10
5
5
5
0
5
5
0

AR R R e R e dence for a nonrandomized study that cannot be

considered comparable to a well-performed random-

Esfleceocgoccogoo ized study. The majority of studies (8/12) were assessed
&

to have a serious risk of bias due to confounding,
meaning that at least one important domain was not
appropriately measured or controlled for. As it relates to
bias in selection and bias in classification of in-
terventions, 7 of 12 and 10 of 12 were assessed to be of
moderate risk of bias, respectively. The majority of
studies were assessed to have a low risk of bias due to

Number of
Interventions
Per Group

Mean
Follow-Up
5
5
5
5
5
5
5
5
2
5
2
5

Table 1. Coleman Methodology Score for Each Included Study to Assess Study Design, Methodology, and Quality of Outcome Reporting

5
E Sleeccessrense deviations from intended interventions (9/12), due to
s R _ missing data (10/12, and due to bias in the selection of
1:3 gggaégg the reported result (11/12).
e 27 7, T LIES Patient Characteristics
ch TiZoiicigi Within the 12 included studies, there were 243
s5cE5z256E8£25 operated knees in 241 patients (Table 4). The mean
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Table 2. Bias Assessment Using the Cochrane Risk of Bias in Non-Randomized Studies - of Interventions (ROBINS-I) Tool

Risk of
Risk of Bias due Risk of Bias in
to Deviations Bias Selection
Risk of Bias Risk of Risk of Bias in From due to Risk of Bias in of the Overall
due to Biasin  Classification of Intended Missing ~ Measurement Reported  Risk of
Study Confounding Selection Interventions Interventions Data of Outcomes Result Bias*
Song et al. (2014)"° Serious Moderate Moderate Low Low Moderate Low Serious
Anderson et al.'? (2010) Serious Serious Moderate Low Low Moderate Low Serious
Ra et al.” (2012) Serious Low Low Low Low Moderate Low Serious
Haklar et al.>! (2008) Low Low Low Low Low Moderate Low Moderate
Choi et al.>* (2010) Serious Serious Moderate Low Low Low Low Serious
Wu et al.”’ (2018) Moderate Moderate Moderate Moderate Low Low Low Moderate
Cinque et al.>* (2017) Serious Moderate Moderate Moderate Low Low Low Serious
Tsujii et al.*” (2019) Low Moderate Moderate Low Low Low Low Moderate
Gan et al.”® (2020) Serious Serious Moderate Low Low Moderate Moderate  Serious
Piontek et al.”” (2016) Moderate Moderate Moderate Low Moderate Moderate Low Moderate
Nakata et al.*® (2012) Serious Moderate Moderate Serious Moderate Low Low Serious
Chen et al.*” (2011) Serious Moderate Moderate Low Low Moderate Low Serious

-Low risk of bias: the study is comparable with a well-performed randomized trial. The study is judged to be at low risk of bias for all domains.

-Moderate risk of bias: the study appears to provide sound evidence for a non-randomized study but cannot be considered comparable to a well-
performed randomized trial. The study is judged to be at low or moderate risk of bias for all domains.

-Serious risk of bias: the study has some important problems. The study is judged to be at serious risk of bias in at least 1 domain, but not at
critical risk of bias in any domain.

-Critical risk of bias: the study is too problematic to provide any useful evidence and should not be included in any synthesis. The study is judged
to be at critical risk of bias in any domain.

*Per the ROBINS-I detailed guide, each bias domain and the overall risk of bias is defined as:

follow-up ranged from 18 to 70.5 months. The mean
patient age ranged from 23 to 37 years, and 69.1% of
those reported were male. The majority were lateral

(56.7%) meniscus tear repairs. Mean duration of
symptoms ranged from 2 weeks to 21.2 months, and
mean time to surgery was 0.5 months to 22.4 months.

Table 3. Study Design

Study Design (Level of Sample Size (After Preoperative Postoperative
Study Year Journal Evidence) Loss to Follow-Up) Diagnosis Diagnosis
Song et al.'® 2014 Knee Retrospective case 15 Clinical, Clinical,
series (Level IV) arthroscopy arthroscopy
Anderson et al.'” 2010 Arthroscopy Retrospective case 24 (8 radial) Clinical, Clinical
series (Level IV) arthroscopy
Ra et al.?’ 2013 Knee Surgery, Sports, Retrospective case 12 Clinical, Clinical, mri
Traumatology, series (Level IV) arthroscopy
Arthroscopy
Haklar et al.*! 2008 Knee Prospective case series 5 Clinical, MRI Clinical, MRI
(Level 1IV)
Choi et al.*? 2010 American Journal or Retrospective case 14 Clinical, MRI, Clinical, MRI
Sports Medicine series (Level IV) arthroscopy
Wu et al.”’ 2018 American Journal of Retrospective cohort 24 Clinical, Clinical
Sports Medicine (Level IIT) arthroscopy
Cinque et al.** 2017 American Journal or Retrospective cohort 27 in radial repair; Clinical, MRI Clinical
Sports Medicine (Level IIT) 33 in vertical repair
Tsujii et al.*” 2019 American Journal or Retrospective case 41 in study group; Clinical, MRI, Clinical, MRI,
Sports Medicine —control (Level III) 98 in control arthroscopy second-look
arthroscopy (30)
Gan et al.”® 2020 Journal of Orthopaedic Retrospective cohort 15 Clinical, Clinical
Surgery (Hong Kong) (Level III) arthroscopy
Piontek et al.”’ 2016 Cartilage Retrospective case 46 Clinical, Clinical, MRI
series (Level IV) arthroscopy
Nakata et al.?® 2012 Sports Injuries Retrospective cohort 29 Clinical, Clinical,
(Level III) arthroscopy arthroscopy
Chen et al.”’ 2011 Formosan Journal of Retrospective cohort 7 Arthroscopy, Clinical,
Musculoskeletal Disorders (Level III) MRI arthroscopy

MRI, magnetic resonance imaging; NR, not recorded.



Table 4. Patient Characteristics

Mean
Initial Knees With No. With No. With Duration
Sample  Follow-Up Mean Lost to Sex Meniscus Tear Previous Concomitant of Mean Time
Study Size (%) Follow-Up Follow-Up Mean Age, y (Male) Laterality Involved Grade Surgery ACLR Symptoms  to Surgery
Song et al.'® NR 15 (NR%) 24 months NR 34.5 (18-56) 12 NR 15 Lateral NR NR 15 NR 3.3 months
(12-46) 0 Medial
Anderson et al."’ 8 8 (100%)  70.5 months 0 NR 5 3 Left 8 Lateral NR NR 8 NR 22.4
(29-168) 5 Right 0 Medial months
Ra et al.”’ 27 12 (44%) 30 months 27 total at NR 11 NR 9 Lateral NR NR 2 NR NR
(26-34) beginning 3 Medial
(15 lost to
follow-up)
Haklar et al.”' 5 5 (100%) 31 Months 0 28.6 (17-35) NR 3 Left 5 Lateral NR NR 0 2 weeks 2 weeks
(12-46) 2 Right 0 Medial
Choi et al.”? 21 14 (67%) 36.3 months 21 total at  29.9 (16-52) 11 NR 14 Lateral NR NR 0 6 months 3 6.75
(24-54) beginning (7 0 Medial days months
lost to
follow-up)
Wu et al.>’ 38 31 (82%) 42 months 7 22.8 4+ 11.9 18 NR 28 Lateral NR 0 16 NR 48 + 62
(24-76) 3 Medial days
Cinque et al.** 27 27 (100%) 42 months 0 35.1 (18-67) 19 16 Left 1 Lateral NR 0 17 NR NR
(24-65) 11 Right 26 Medial
Tsujii et al.*” 41 41 (100%) 41 months 0 29.5 (14-57) 18 NR NR NR NR 41 NR 124.8 days
Gan et al.”® 15 15 (100%)  22.4 months 0 42 NR NR NR NR NR NR NR NR
Piontek et al.?” 58 53 (91%) >24 months 3 (2 others 36.7 (18-59) 36 21 Left 15 Lateral NR NR 21 NR 21.9
dropped from 32 Right 38 Medial months
study due to
data missing
Nakata et al.”® 35 29 (88%) 18 months 33 initially, 6 25.5 (16-42) 17 NR 18 Lateral  Type A: 2 0 21 NR 8 months
(12-26) lost to 11 Medial Type B1: 6
follow-up Type B2: 8
Type C: 9
Type D: 4
Chen et al.”” 7 7 (100%) NR NR NR NR NR 7 Lateral NR NR NR NR NR
0 Medial

NOTE. None of the studies reported on tear site.
ACLR, anterior cruciate ligament reconstruction; NR, not recorded.

7L69
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Table 5. Study Surgical Techniques and Protocols

Mean No. of Weight-Bearing ROM Return to
Study Fixation Approach Sutures Used Sutures Adjuncts Used Restrictions Restrictions Sport
Song et al.'® Arthroscopic, all- No. 0 PDS NR None NWB, 4 weeks 0-90 for 4 NR
inside, side-to-side weeks
approach
Anderson Arthroscopic, NR 1.9+ 1.1 None NR NR NR
et al.’” inside-out; all-inside
technique in some
Ra et al.”’ Arthroscopic, Horizontal, NR Fibrin clot NWB, 6 weeks Immobilized in NR
inside-out repair 2-0 Polyester extension for 3
Braided Suture weeks in some;
(Ethicon) CPM 3 days
postoperative in
other
Haklar arthroscopic, inside- Nos. O and 2 2.4 superior, None NWB, 6-8 weeks Immobilized for 4-5 months
et al.?! out approach, using ETHIBOND sutures 2.8 inferior 6-8 weeks
zone-specific curved (Ethicon)
cannula
Choi et al.** arthroscopic, all- No. 1 PDS 1or2 None Toe-touch 0-90 for 6 6 months
inside weight bearing, weeks
6 weeks.
Wu et al.>’>  arthroscopic, inside- No. 2 Ethicon NR Platelet-rich fibrin NWB, 4 weeks 0-90 for 4 4 months
out (7) or all-inside matrix (3) weeks
technique (16) or
hybrid (1)
Cinque Two-tunnel, No. 2 nonabsorbable NR Marrow-venting ~ NWB, 6 weeks 0-90 for 2 4 months
et al.** transtibial pullout suture procedure (10) weeks, then
repair (ULTRABRAID); 2- progress as
0 non-absorbable tolerated
horizontal mattress
to reinforce
Tsujii et al.>>  arthroscopic, inside- No 2-0 braided NR None NWSB, 3-4 weeks Immobilized for 8-9 months
out (29) or all-inside  polyester suture 1 week, then
(12) technique ROM started
Gan et al.”* NR NR NR NR NR NR NR
Piontek Arthroscopic, all-  ETHIBOND 2, #2-0, NR Collagen partial weight- ROM exercises 6 months
et al.?’ inside braided, uncoated, membrane bearing at 2-4 on first
UHMW (Chondro-Gide) weeks postoperative
polyethylene with wrapping with day
monofilament bone marrow
polypropylene injection
cobraid
nonabsorbable
suture
Nakata arthroscopic inside 2-0 ETHIBOND 5o0r 6 autogenous fibrin NWB, 4 weeks, 6 months
et al.?® out sutures clot (unless PWB until 6
concomitant weeks,
ACLR)
Chen et al.”’ NR NR NR NR NR NR

CPM, continuous passive motion; NR, not recorded; NWB, non—weight-bearing; PDS, p-dioxanone ROM, range of motion; UHMW, ultra high
molecular weight polyethylene.

Among the concomitant operations reported with performed via an arthroscopic-assisted, 2-tunnel trans-

meniscal repair, anterior cruciate ligament reconstruc- tibial pullout technique.”* Of the other 87.8% (194/221)
tion (ACLR) was the most common (141 of 221 knees of repairs, 82 (37%) were performed via the
that explicitly reported on concomitant operations). arthroscopic-assisted inside-out technique, 103 (47 %)

using all-inside arthroscopic, and 1 (0.5%) using a hybrid
Repair Technique, Adjuvant Therapy, and arthroscopic-assisted inside-out/all-inside repair.
Rehabilitation Anderson etal.,'” including 8 (3.6 %) knees, reported the

Repairs were performed via multiple approaches  yse of arthroscopy for repair but did not specify how
(Table 5). In 1 series, 12.2% (27/221) of cases were  many knees fell into each manner of approach (Table 1).
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Table 6. Outcome Assessments Used

E. M. MILLIRON ET AL.

Study Physical Exam Lysholm Tegner IKDC Subjective Arthroscopy MRI WOMAC Visual Analog SF-12 Ikeuchi
Song. et al.'® X X X X
Anderson et al."” X X X
Ra et al.”’ X X X X
Haklar et al.”! X X
Choi et al.* X X X X X
Wu et al.”? X X X X
Cinque et al.”* X X X X
Tsujii et al.*” X X X
Gan et al.*® X X
Piontek et al.”” X X X X
Nakata et al.** X X
Chen et al.”” X

IKDC, International Knee Documentation Committee; MRI, magnetic resonance imaging; SF-12, Short Form Health Survey; WOMAC, Western

Ontario and McMaster Universities Osteoarthritis Index.

Studies differed in the type of suture material and
adjunct methods (Table 5). The most commonly used
suture of those reported was the Number 2-0 ETHI-
BOND suture in a horizontal fashion (73.7%). Other
sutures used were the No. 2 ULTRABRAID nonab-
sorbable suture (12.7%), No. 0 polydioxanone (7.0%),
and No. 1 polydioxanone (6.6%). Regarding adjuvants
to meniscal repair, 35.4% (86/243) reported the use at
least one adjunct technique. Of these, 61.6% reported
the use of a collagen membrane wrapping with bone
marrow injection, 23.3% of them used a fibrin clot,
11.6% used marrow-venting technique, and 3.5%
were performed with the use of a platelet-rich fibrin
matrix.

All of the included studies restricted weight-bearing
and range of motion to some degree postoperatively;
however, no single postoperative restrictions predomi-
nated (Table 5). Most studies included non—weight-
bearing precautions for at least 4 weeks, and at least 4
months before allowing return to sport. Post-
operatively, 26.7% (65/243) used MRI for the evalua-
tion of healing, whereas 33.3% (81/243) of knees used
second-look arthroscopy, indicated for a number of
reasons, to assess for meniscal healing. Those reasons
include, removal of screws, plates, or washers,
dissatisfaction with the results of the operation, MRI
indicating partial healing, or determining the true
healing status before return to sport,

Patient-Reported Outcomes

Patient-reported outcomes tool varied among the
included studies (Table 6), but qualitative improvement
from preoperative to postoperative scores was noted
(Table 7). Seven studies used the Lysholm scores to
assess outcomes, Preoperative scores ranged from 47 to
73.7 and postoperative scores ranged from 86.4 to 95.6.
Five studies used International Knee Documentation
Committee Subjective scores as am outcomes measure,
with a preoperative range of 39.8 to 57 and a post-
operative range of 79.1 to 92. One study reported the

postoperative Ikeuchi score and demonstrated 42.9%
good/excellent outcomes with this measure. Similarly,
1 study reported on preoperative and postoperative
visual analog score, which decreased from 5.8 to 0.8. A
lone study evaluated outcomes using the SF-12 Physical
Component Summary and saw improvement from
preoperative to postoperative time points from 37 to 55.
In addition, a single study reported on outcomes using
the Western Ontario and McMaster Universities Oste-
oarthritis Index, demonstrating an improvement from
preoperative to postoperative measures from 37 to 4.
Six studies reported activity level using the Tegner
Activity Scale Preoperative scores ranged from 1 to 4
and postoperative scores ranged from 4.7 to 6.7.

Healing Rates

Seven studies examined healing rates following repair
of radial meniscus tears using second-look arthroscopy
or MRI. Six of these papers categorized healing in terms
of complete healing, partial healing, and failure to heal.
Complete healing was reported in 60% to 100% of
patients, partial healing in 0 to 57% of patients, and
failure to heal was noted in 0 to 13% of patients
(Table 8). One study used follow-up MRI as a means of
evaluating healing rates and noted a “good outcome” in
85% (39/46) of their population based on WORMS
Classification (< 1).

Other Outcomes

Meniscal extrusion was assessed in three studies.
Extrusion of the meniscus at the repair location was
described in 2 studies, in a total of 3 patients.””*” Tsujii
et al.”” measured extrusion among all patients in their
study, demonstrating clinically significant extrusion in
the sagittal plane in comparison with the control group.

Complications

Complications were reported in 5 of the 12 studies. Of
the 5 studies that reported complications or reopera-
tions, 3 of the studies indicated that the complications



Table 7. Patient-Reported Outcomes

SF-12

Ikeuchi
(Good/Excellent)

IKDC Tegner WOMAC Lysholm

VAS

Preoperative Postoperative

Postoperative

Preoperative

Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative

95.6 £ 3.5
86.9 = 5.7

68.9 + 4.3

6.7+ 1.4
6.0x1.3

3.1 £0.8

Song. et al.”

81.6 = 6.8

1.2 £1.0

Anderson et al.'?
Ra et al.”’

94+ 3
942 £ 3.2
94.7 (81—100)

65+ 6
61.8 + 5.4
73.7 (36—90)

92+ 3

57 £7

Haklar et al.?!

5.7 (3=7)

4.0 (1-8)

Choi et al.**

6.5+ 1.5

39.84+ 123 89.0+13.1 26+ 1.4
1 (0-9) 6 (5-7)

08 £1.5

5.8+ 29

Wu et al.”?

55 (48-57)

37 £ 9

91 (74-96)

4 (1-13) 47 + 22

37 +£ 21

Cinque et al.**

Tsujii et al.””

83.4+ 164 25+13 47 £ 1.1

79.1 £ 9.1

41.1 £ 16.2
44.5 £ 5.2

Gan et al.>°

86.4 + 5.1

66.1 + 6.2

.

Piontek et al.”’

Nakata et al.”®

42.90%

Chen et al.”’

0.4 +£0.8 363 163 93.1 £33 1.9+ 0.6 6.6 £ 1.6

41 +24

Wu et al.>’?

(bucket handle)

Cinque et al.**

56 (46-58)

37 £ 10

83 (73-95)

6 (4-6) 40 + 24 7 (1-12) 46 + 22

2 (0-10)

REPAIR OF RADIAL MENISCUS TEARS

(vertical repair)

25

Tsujii et al.

82.5 £ 22.5 29+ 14 5.1+ 1.6

45.2 + 24

26

Gan et al.

(meniscectomy)

IKDC, International Knee Documentation Committee; SF-12, Short Form Health Survey; VAS, visual analog scale;, WOMAC, Western Ontario and McMaster Universities Osteoarthritis

Index.
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were a result of the index procedure. Wu et al.”’
revealed that a patient developed arthrofibrosis and
required lysis of adhesions 2 months after the initial
repair, whereas Cinque et al.>* described that a patient
sustained delamination of the medial femoral condyle
and underwent microfracture, removal of loose bodies,
and lysis of adhesions. Piontek et al.”’ described that
MRI revealed a cyst located near the T-fix anchor in
62% of cases, however the presence of a cyst had no
correlation with International Knee Documentation
Committee, Barret criteria, or cumulative Whole-Organ
Magnetic Resonance Imaging Score (WORMS) results.
Of the 2 studies that described complications requiring
reoperations, it was determined in all cases that the
original repair was seen to have healed.

Discussion

The most impactful discovery made through this
study is that repair of radial meniscus tears produces
good patient-reported outcomes and a low failure rate.
Across all included studies, patient-reported outcomes
improved in every included metric. Further, healing
rates observed in those studies in which they were high
with low reported failure rates.

Radial meniscus tears are a unique classification of
tears that have been demonstrated to have particular
poor prognosis.'* Studies have demonstrated that these
tears effectively render the meniscus unfunctional and
provided equivalent clinical outcomes to that of having
no meniscus at all.’”’ Historically speaking, radial
meniscus tears have largely been managed by methods
of meniscectomy, either partial or total. A study by
Zhang et al.”* used 3-dimensional models to demon-
strate a significant increase in compressive and sheer
stresses on the knee joint following meniscectomy,
specifically in cases of preceding radial meniscus tears.
Using a finite element model of the knee joint, they
were able to conclude that following meniscectomy, the
increase in stress predominated at the medial aspect of
both cartilages within the knee. As many similar studies
continue to emerge demonstrating deleterious effects of
removing meniscal tissue, there has been an associated
shift in paradigm of managing all meniscal injury,
including radial type tears.””’

In response to the growing favor of preserving
meniscal tissue, various techniques have emerged as
mainstays in the repair of radial meniscus tears and the
majority of these have been included in this review.
Among these studies, the majority are arthroscopic
techniques, of which inside-out, all-inside, or hybrid
techniques are described. In addition, one study
included the use of an open, trans-tibial, 2-tunnel
pullout technique. Based on reported results, one
technique cannot be concluded to be superior over
another in terms of outcomes and management of these
types of tears. However, it does reveal that successful
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Table 8. Healing Rates

Study Evaluation Method Complete Healing Partial Healing Failure Total
Song et. al'® Second-look arthroscopy 9 (60%) 4 (27%) 2 (13%) 15
Ra et al.”’ Second-look arthroscopy 6 (86%) 1 (14%) 0 (0%) 7
Tsujii et al.*” Second-look arthroscopy 18 (60%) 9 (30%) 3 (10%) 30
Nakata et al.*® Second-look arthroscopy 19 (66%) 8 (28%) 2 (7%) 29
Haklar et al.*! MRI 5 (100%) 0 (0%) 0 (0%) 5
Choi et al.** MRI 5 (36%) 8 (57%) 1 (7%) 14

MRI, magnetic resonance imaging.

reparation of a radial tear can be achieved through the
use of a number of different approaches.

This is not the first systematic review on this topic. In
a systematic review completed by Moulton et al.'’
published in 2016, the authors concluded positive
short-term outcomes in radial meniscus repair at an
average of 38.4 months postoperation. While this re-
view presented thorough and valuable evidence for the
effectiveness of radial meniscus repairs, several addi-
tional studies have since been published that demanded
further review of this topic. This recent literature
allowed us to adequately assess healing rates in this
particular population. Further, a recently published
review by Lee et al. '° solely examined medial meniscus
posterior root tears. This investigation concluded that
repairs in this population led to clinical improvement,
while the non-repair group had more variability in
outcome. The authors stressed the importance of using
a selection criterion to choose proper candidates for
repair. An additional review has been completed from a
biomechanical perspective as well. Alentorn-Geli
et al.’® described no significant difference between
outside-in, inside-out and all-inside repairs load to
failure or stiffness, displacement, or site of failure.

In light of our current review, as well as the entirety
of the available literature assessing outcomes of radial
meniscus tears and their repairs, much still remains
unknown. First and foremost, with this current review
including an average follow up of just 35 months, the
long term outcomes associated with these procedures
remains uninvestigated. Further, comparing techniques
of radial meniscus repair in terms of outcomes and
failure rates requires more investigation as well.

Limitations

Our study is not without limitations. Limitations of
our review include the use of small, nonrandomized
and noncomparative studies. Optimal study type would
be those that are large, comparative, and of a high level
of evidence. Our review yielded just 3 studies that
contained a control group (there were no randomized
controlled studies). Six of the 12 studies were
retrospective, noncomparative case series, 5 were
retrospective cohorts, and there was 1 prospective
cohort study. In analyzing the Coleman Methodology

Scores for the 12 included studies, a lack of high-level
studies was also observed. The mean score for
included papers was 46.8, range 26-60 (Table 4). Four
of 12 (33%) studies received a score between 55 and 69
indicating fair studies, with the remaining 8 of 12
(75%) studies falling below a score of 55 indicating
poor studies. Areas largely contributing to the mean
score include study size, the type of study, and scores
related to subject recruitment and selection. Six of the
12 studies (50%) did not include a sufficient number of
patients to earn a point based on size, and due to a lack
of randomization across of all studies, none of them
meet satisfaction for subject recruitment, utilizing
independent investigators, unbiased selection criteria,
and recruitment rate.

Furthermore, a major limitation is the inclusion of,
and inability to separate as a subgroup, ACL, ACLR, and
other concomitant procedures among some patients in
included studies. Given well-published increased heal-
ing rates after meniscal repair in patients undergoing
concomitant ACLR, a subgroup analysis of these pa-
tients would be helpful. However due to limited sub-
group data availability in each study, a subgroup
analysis was not possible. A similar limitation is seen by
inclusion and combination of both medial and lateral
meniscal injuries as one group. The large number of
different outcomes tools precludes pooling of data from
the included studies and the lack of objective assess-
ment of meniscus repair healing in many studies (those
that rely on a clinical assessment of results) may lead to
an underestimation of repair failure risk. Finally, this
study is limited by a relatively short mean follow-up
period. A longer follow-up period is necessary to
observe potential complications arising in association
with these procedures, such as osteoarthritic changes.
Further, this would help illuminate whether the
reported healing rates are exclusively anatomical in
nature, or if they restore the true biomechanical func-
tion of the meniscus as well. A number of studies have
demonstrated the potential for restoring native function
with meniscus repair.”>’

Conclusions
Patient-reported outcomes after repair of radial
meniscus repair with and without ACL reconstruction
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are encouraging, with high patient-reported outcomes
scores reported at final postoperative follow-up when
compared with preoperative scores, across a variety of
outcomes scoring systems. Among all meniscus repairs
assessed for healing, the majority demonstrated at least
some healing with an overall low rate of failure.
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