Check for
updates

Clinics in Orthopedic Surgery 2023;15:740-751 e https://doi.org/10.4055/cios21231

Original Article

Rehabilitation after Repair of Medial Meniscus
Posterior Root Tears: A Systematic Review of the
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Background: There is no consensus established on postoperative rehabilitation after medial meniscus posterior root tear (VIVIPRT)
repair, including when and how physicians can apply range of motion (ROM) exercise, weight-bearing (WB), brace use, and return
to sports (RTS). The purpose of this study was to systematically review the literature on postoperative rehabilitation characteristics
of MMPRT repair regarding ROM, WB, brace use, and RTS.

Methods: A literature search was performed using the Medline/PubMed, Cochrane Central Register of Controlled Trials, and
Embase databases. The inclusion criteria were English language, human clinical studies, and studies describing rehabilitation
protocols after MMPRT repair such as ROM, WB, brace use, and RTS. Abstracts, case reports, cohort studies, controlled laboratory
studies, human cadaveric or animal studies, systematic reviews, and meta-analyses were excluded.

Results: Thirteen studies were included. Of the 12 ROM studies, ROM was started immediately within 1 or 2 days after operation
in 6 studies and after 2 to 3 weeks of knee immobilization in the rest. Of the 13 WB studies, partial weight-bearing was initiated 1
to 4 weeks after operation in 8 studies and 6 weeks in the rest. Of the 9 brace studies, patients were immobilized by a splint for 2
weeks in 3 studies, and in the rest, a brace with full extension was applied for 3 to 6 weeks after several days of splint application.
Of the 7 RTS studies, RTS was allowed at 6 months in 6 studies and 5 to 7 months in 1 study.

Conclusions: This systematic review revealed conservative rehabilitation protocols were more widely adapted as ROM and WB
were restricted at certain degrees during postoperative periods in most protocols analyzed. However, it is impossible to identify a
consensus on rehabilitation protocols as the protocols analyzed in this review were distinct each other and heterogeneous. In the
future, a well-designed comparative study among different rehabilitation protocols is essential to establish a consensus.
Keywords: Medial meniscus, Rehabilitation, Systematic review, Tibial meniscus tear

The interest in medial meniscus posterior root tears
(MMPRTs) has been growing. MMPRTSs, which are de-
fined as radial tears or avulsion injuries on bony attach-
ments,”” result in decreased contact surface and increased
peak pressure through a loss of hoop tension due to cir-
cumferential fiber disruption.*” MMPRTSs can result in
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complications after total meniscectomy, with pathologic
loads leading to degenerative arthritis. Recently, there
has been an increasing interest in encouraging results
of MMPRT repair accumulated over the last decade.
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MMPRT repair restores the hoop tension of the medial
meniscus and its ability to dissipate forces, which can slow
the progression of arthritis in most cases.”” Meta-analyses
and systematic reviews reported that MMPRT repair
showed satisfactory clinical and radiologic outcomes.”

There is no consensus on MMPRT repair proce-
dures in terms of the optimal surgical techniques, type of
suture configurations, and stitch methods. Likewise, no
agreement has been reached on postoperative rehabilita-
tion, including when and how physicians can apply range
of motion (ROM) exercise, weight-bearing (WB), brace
use, and return to sports (RTS) periods. So far, no com-
prehensive systemic literature review has been conducted
on postoperative rehabilitation after MMPRT repair. The
purpose of this study was to systematically review litera-
tures on the postoperative rehabilitation protocols after
MMPRT repair regarding ROM, WB, brace use, and RTS
and to determine whether the conservative or accelerated
protocols are more widely adopted in MMPRT repair pro-
tocols.

METHODS

Search Strategy and Study Selection

Articles published until March 2021 were searched in
Medline/PubMed, the Cochrane Central Register of Con-
trolled Trials, and Embase databases. Each search was per-
formed using “meniscal or meniscus” AND “root” AND
“repair or fixation or refixation” as keywords. Articles were
classified by applying the following inclusion criteria: (1)
human clinical studies, (2) MMPRTs studies, (3) studies
describing at least two of the following: ROM, WB, brace,
and RTS, (4) studies showing significant clinical or func-

tional improvement after surgery, (5) studies providing all
original data, and (6) studies with levels of evidence from I
to IV."” The exclusion criteria were as follow: (1) treatment
of lesions that expanded to the lateral or anterior menis-
cus, (2) combined concomitant multiple ligament injuries,
(3) articles showing outcomes with less than a minimum
of 24-month follow-up, (4) biomechanics, (5) radiological
reports, (6) letters to the editor, (7) review articles, and (8)
case reports. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline was fol-
lowed in this systematic review.'"” No other restrictions
were applied, including language restrictions. All results
were searched to select relevant articles.

Data Extraction

The titles and abstracts of all studies identified from the
initial search were manually screened independently by
two authors (JSK and MYC). The full text of all studies
that passed the manual screening was further evaluated
for eligibility by the two authors mentioned above and
reviewed by the primary investigator (DHK). The first au-
thor reviewed the references of all selected articles to en-
sure that no relevant studies were overlooked in the initial
search. The primary investigator gathered data used in the
current study: first author, publication year, the number
of participants, ROM, WB, brace use, RTS, suture mate-
rial (ethibond, polydioxanone, Fiberwire, and Ultrabraid),
repair technique (pullout repair or suture anchor repair).
Protocols for each type of rehabilitation instructions were
classified as follows: (1) ROM by the starting point and
target angle increase by period, (2) WB by period and WB
intensity (non-weight-bearing [NWB], toe-touch weight-
bearing [TTWB], partial weight-bearing [PWB], and full

1,151 Records identified
through PubMed
database searching

317 Records identified
through Embase
database searching

11 Records identified

through Cochrane
database searching

1,260 Abstracts
for further assessment
(219 articles duplicated)

1,216 Records excluded
from title/abstract review

A 4

44 Full-text articles
assessed for eligibility

31 Full-text articles excluded
1 Combined ligament injury
> 1 Avulsion
1 High tibial osteotomy
v 28 No mention of rehabilitation

13 Studies finally included

for systematic review

Fig. 1. Flowchart of search strategy used
for study identification and inclusion.
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weight-bearing [FWB]), (3) a brace by period of use and
angle change, and (4) RTS by the starting point. The qual-
ity of all studies included was independently evaluated by
two authors (MYC and JSK) using the Coleman meth-
odology score.” The study was exempted from the Insti-
tutional Review Board approval by Inje University Seoul
Paik Hospital (No. PAIK 2020-10-006).

RESULTS

We identified 1,260 articles in the Medline/PubMed, Co-
chrane Central Register of Controlled Trials, and Embase
database. Among 1,260 articles, 44 articles passed the
initial screening and were further reviewed according to
the inclusion criteria. As a result, a total of 13 studies were
included for this systematic review (Fig. 1). Among the 13
studies, ROM was used in 12 studies, WB in 13 studies, a
brace in 9 studies, and RTS in 7 studies.

The characteristics of surgical techniques are shown
in Table 1.”"**" Regarding surgical techniques, transtibial
pullout repair was done in 9 studies and suture anchor re-
pair was done in 3 studies. One study compared transtibial
pullout repair and suture anchor repair. No.1 polydioxa-
none suture (PDS) was used in 6 studies, and No.1 PDS in
combination with No.2 ethibond, 2-0 Fiberwire, and No.2
Ultrabraid was used in 1 study each. The mean score of
quality assessment using the Coleman methodology score
tool in all studies was 60.7 + 8.11 (maximum, 100 points;
range, 48-81 points)."” The following three categories had
the lowest scores: (1) study size, (2) type of study, and (3)
procedure for assessing outcome.

Range of Motion

There were 12 studies that included ROM exercises in
rehabilitation protocols (Table 2).”*" ROM exercise pro-
tocols were very diverse in terms of the starting point of

Table 1. General Characteristics of Included Studies

Study design No. of
Study (level of evidence) patients ROM

Chung et al. (2018)"" Retrospective uncontrolled 91 Yes
case series (IV)

Chung et al. (2015)” Retrospective comparative 57
study (1ll)

Lee et al. (2018 Case series (IV) 56 Yes

Lee et al. (2009 Therapeutic case series (V) 20 Yes

Kim et al. (2011 Prospective therapeutic 45 Yes
comparative study (Ill)

Seo et al. (2011)"" Case series (IV) 21 Yes

LaPrade et al. (2017)"®  Cohort study (IIl) 31 Yes

Jung et al. (2012)"® Case series (IV) 13 Yes

Kim et al. (2011)"" Retrospective comparative 30 Yes
study (1)

Lee et al. (2014)" Retrospective comparative 25 Yes
study (1ll)

Furumatsu et al. (2019)""  Retrospective comparative 20 Yes
study (I11)

Kim et al. (2019 Retrospective comparative 45 Yes
study (Il1)

Dragoo et al. (2020)"®  Cohort study (Il) 30 Yes

WB Brace RTS Functional score

Yes Yes Lysholm score

Yes Yes Yes  Lysholm score, IKDC subjective score

Yes Yes Yes  Lysholm score, IKDC subjective score, HSS
score

Yes Yes Lysholm score, HSS score

Yes Yes Yes  Lysholm score, IKDC subjective score, HSS
score

Yes Yes Yes  Lysholm score, HSS score

Yes Yes Yes  Lysholm score, WOMAC, SF-12, Tegner acti-
vity score

Yes Lysholm score, Tegner activity score

Yes Lysholm score, IKDC subjective score

Yes Yes  Lysholm score, IKDC subjective score, Tegner
activity score

Yes KOOS, Lysholm score, IKDC subjective score,
Tegner activity score

Yes Yes Yes  Lysholm scare, IKDC subjective score,

Yes Yes KOOS, Lysholm score, Tegner activity score,

VR-12

ROM: range of motion, WB: weight-bearing, RTS: return to sports, IKDC: International Knee Documentation Committee, HSS: Hospital for Special
Surgery, WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, SF-12: 12-Item Short Form Survey, KOOS: Knee injury and
Osteoarthritis Qutcome Score, VR-12: Veterans RAND 12-Item Health Survey.
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ROM exercise, exercise period, and angle limitation ac-
cording to the period. In 6 studies, it was started imme-
diately within 1 or 2 days after operation,” ¥ whereas 5
studies and 1 study suggested immobilization of the knee
for 2 weeks'** and 3 weeks, respectively.’” Four studies
recommended ROM exercise without ROM restriction to
a specific degree of flexion,"*'*"" whereas 8 studies sug-
gested ROM restriction based on the period."*"*"***

Weight-Bearing

There were 13 studies that included WB (Table 3).*”"*"*** The
starting period and methods of WB varied. Among the 13
studies, 2 studies had low-level PWB started 1 day after sur-
gery with a gradual increase of WB intensity until 6 weeks, "
and PWB was started at postoperative 2 weeks, 4 weeks,
and 6 weeks in remaining 2 studies,””*" 1 study,”” and 6
studies,™">'***** respectively. Regarding FWB, it was al-
lowed at 6 weeks and 8 weeks postoperatively in 7 stud-
ies”' 7171 and 4 studies,'****** respectively. One study
suggested that PWB should be started after 6 weeks of the
NWB period and gradually increased to FWB until there
is no pain or swelling.” Another study suggested TTWB
should be initiated at postoperative 2 weeks and WB in-
tensity should be gradually increased to 50% until postop-
erative 4 weeks.””

Brace

There were 9 studies that included brace protocols (Table
4). There were differences in the timing of brace wear,
range of brace angle, and timing of brace removal. Three
studies reported that the knee joint was immobilized
by a splint for 2 weeks and then it was replaced with a
brace.””*** Three studies reported changing from a splint
to a brace within several days and wearing a brace in full
extension for 3 weeks.”"**” In 2 studies, although ROM
exercise was performed immediately after surgery, the
brace was fixed in full extension for 6 weeks in TTWB or
NWB."”" Two studies reported that the brace angle must
be adjusted according to the change of the knee flexion
degree by ROM exercise."”” Chung et al."” recommended
that the brace should be removed by 6 weeks after surgery
and his study was the only one referring to the timing of
brace removal.

Return to Sports

There were 7 studies referring to the timing of RTS (Table
5). Six studies suggested RTS should be allowed at postop-
erative 6 months”'****"*** and 1 study at postoperative 5
to 7 months."”” Some studies commented on the period of
light running including RTS, and 3 studies reported that

light running was allowed 3 months after surgery.”'**”

Regarding when allowing full flexion or squat, 2 studies
recommended 3 months after surgery'®”” and 2 studies
recommended 6 months after surgery.”*”

DISCUSSION

The primary conclusions of this systematic review are as
follows: (1) There are various rehabilitation protocols after
MMPRT repair regarding ROM exercise, WB, brace use,
and RTS. There was no study comparing clinical outcomes
depending on the rehabilitation method, so it was difficult
to suggest which protocol was superior and to identify a
consensus on rehabilitation protocols. (2) Regarding the
initiation of ROM exercise, half of the included studies
suggested 1 or 2 days after surgery, whereas remaining
studies recommended limited ROM exercise until about 2
or 3 weeks after surgery. (3) Two studies suggested starting
careful PWB on postoperative day 1 and gradually increas-
ing WB intensity by 6 weeks after surgery, whereas other
studies recommended TTWB or NWB until 2 to 6 weeks
after operation. (4) Most studies (9 of 13) suggested using
a knee brace without comments on the timing of weaning
from a brace. (5) About half of the studies (7 of 13) sug-
gested allowing RTS at 5 or 6 months after surgery.

To our knowledge, there are few systemic reviews
summarizing trends of rehabilitation protocols after me-
niscus root repair, unlike the general meniscus repair. The
healing mechanism of meniscus root repair and general
meniscus repair is different (root repair: bone to meniscus
healing between bone bed and meniscus proper; meniscus
repair: soft-tissue healing within meniscus proper). It is
still debatable whether a complete healing can be achieved
after root repair. A few studies reported complete healing
with good tension would not be achieved after root repair
from second-look arthroscopy,”** whereas complete and
partial healing rates of simple meniscus repair were 74%
and 10%, respectively, from second-look arthroscopy.”
Accelerated rehabilitation can have a negative effect on
healing process after root repair, thus surgeons should
be careful when applying rehabilitation after root repair.
However, it was difficult to identify a consensus on re-
habilitation protocols after root repair as there was little
research comparing clinical outcomes of different rehabili-
tation methods. Thus, there is a need to investigate which
protocol (conservative or accelerated) is more widely
adopted although the rehabilitation protocol described in
this study would be based on surgeons’” experiences and
preferences. This systematic study reviewed and summa-
rized rehabilitation protocols specifically with regard to
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ROM exercise, WB, brace use, and RTS after root repair.

~ -~
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Table 4. Results of Brace Use

Sup Study design No. of
group Study (level of evidence) patients Suture

17 Chungetal. Retrospective uncontrolled 91 No.1 PDS

(2018)"" case series (IV)
ung etal. Retrospective comparative 0.

2 Ch . R i i 57 No.1PDS
(2015)" study (111)

3  leeset aZID.’ Case series (IV) 5  No.2 PDS
(2018)

4 leeet aZIZ.’ Therapeutic case series (V) 20 No.5 Ethibond
(2009)

51 Kimetal. Prospective therapeutic 45 No.0PDS
(2011 comparative study (111)

5-2 Kimetal Prospective therapeutic 45 No 2 Ethibond
(2011 comparative study (I11)

6 Seoetal Case series (1V) 21 No.1PDSor
(2011)"" No.2 Ethibond

7 LaPraqu(?tal. Cohort study (I11) 31 2-0 Fiberwire
(2017)

8 Kimetal. Retrospective comparative 45 No.1PDS
(2019)™ study (I11)

9 Dragoo%t al. Cohort study (I1) 30
(2020)

Surgical technique Brace

Pullout repair A knee brace locked in extension was required
for 3 weeks postoperatively. The motion
allowed within the brace was progressively
increased starting at 3 weeks. Discontinued at

6 weeks.

The brace locked in full extension of the knee
joint for the initial 3 weeks postoperatively.

Pullout repair

Pullout repair The knees were immobilized in fully extended
cylinder leg splints for 2 weeks. ROM
exercises were then initiated from 0° to 60°
with a hinged brace and the patients increased
their knee flexion by 15° per week.

Pullout repair A limited motion brace was subsequently
applied to control motion.

Suture anchor repair - At 2 weeks postoperatively, a hinged pos-
toperative brace was applied.

Pullout repair -

Immobilized in a full extension brace for 2
weeks.

Pullout repair

Pullout repair Patients maintained NWB in a straight leg brace

for the first 6 weeks after surgery.

Pullout repair The knee joint was immobilized with a hinged

brace locked in full extension for 3 weeks
postoperatively.

Suture anchor repair - Brace use was followed by the leg locked in full
extension for 6 weeks.

PDS: polydioxanone, ROM: range of motion, NWB: non-weight-bearing.

sion. There are as divergent opinions about the WB period
as ROM. WB can cause damage on suture-meniscal tissue
and bone-to-meniscus interface, which can result in unfa-
vorable meniscal healing and meniscal extrusion.” How-
ever, excessive delays in WB can have a negative effect on
the clinical outcome as some studies have confirmed that
hoop stresses associated with WB actually facilitate menis-
cal healing in general meniscus repair.””

In the current study, PWB was performed for 4-6
weeks after surgery in most of the included studies, and
FWB was allowed at 6-8 weeks after surgery. Although
ROM protocols were very heterogeneous between studies
included in this review, most of them restricted WB a few
weeks after surgery; thus, most surgeons were cautious
about allowing WB. This means that most surgeons agree
that excessive WB can cause excessive force and shear
conditions interfering with the healing of meniscus repair
site” and protective and conservative WB protocols in

the early phase can be helpful to achieve more favorable
meniscal healing and extrusion.” It was difficult to con-
clude what kind of WB protocol was superior in promot-
ing recovery from MMPRTs due to the diversity of WB
protocols, but in most studies, FWB was recommended 6
weeks postoperatively.”"*'”**"*9

Most studies recommended wearing a brace for 4-6
weeks after surgery, although there were differences in the
timing of brace wear, range of brace angle, and timing of
brace removal. Some studies recommended using a splint
for 2 weeks after surgery and then switch to a brace.”****’
Several studies recommended wearing a brace for 2 to 3
weeks in full extension immediately after surgery.”"****"*"
Then, the brace angle was increased by 15° per week or
adjusted to the same angle as the knee flexion degree.””

The reason for wearing a brace is to prevent over-
loading the knee or to make it safer.’® In particular, a brace
is essential to avoid pivoting imposed by the meniscus.””
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Table 5. Result of RTS

Sup Study design No. of Surgical
group Study (level of evidence)  patients Suture technique RTS
1 Chung etal. (2015)"  Retrospective comparative 57 No.1 PDS Pullout repair Light running at 3 months; RTS at 6 months
study (I11)
2 Lleeetal. (2018 Case series (IV) 56  No.2 PDS Pullout repair RTS activity was permitted 6 months posto-
peratively.
3-1 Kimetal. (2011)7 Prospective therapeutic 45 No.0PDS Suture anchor repair Further flexion, squatting, and RTS were

comparative study (Ill)

32 Kimetal. (2011 Prospective therapeutic 45

comparative study (Ill)

allowed 6 months postoperatively.

No.2 Ethibond  Pullout repair -

4 Seoetal. (2011 Case series (IV) 21 No.1PDSor  Pullout repair Squatting and deep flexion were prohibited
No. 2 Ethibond for at least 3 months. Return to previous
sporting activities was permitted 6 months
postoperatively.
5 LaPrade et al. (2017)™ Cohort study (lll) 31 2-0 Fiberwire  Pullout repair Normal activities with an average
return to full activities at 5 to 7 months
postoperatively.
6-1 Leeetal. (2014)"® Retrospective comparative 25~ Mason-Allen:  Pullout repair Light running was allowed at 3 months, and
study (I1l) No.1 PDS (Mason-Allen RTS was allowed at 6 months, although
stitch) strenuous contact sports were prohibited.
6-2 Leeetal. (2014)"® Retrospective comparative 25  Simple stich:  Pullout repair -
study (I11) No.1 PDS (simple stitch)
7 Kimetal. (2019 Retrospective comparative 45 No.1 PDS Pullout repair RTS was allowed at 6 months postopera-

study (I11)

tively.

RTS: return to sports, PDS: polydioxanone.

However, if the period of brace use is long, muscle weak-
ness will be accompanied.” Therefore, it is important to
take off the brace at appropriate timing as an extended
use of a brace may interfere with recovery. The duration
of brace use depends on the meniscus tear pattern. Wear-
ing a brace for longitudinal tears allows PWB for 3 weeks
and complex and radial tears for 6 to 8 weeks.™ Since root
tears are similar to radial tears, a similar principle can be
applied to both root tears and radial tears. Consequently,
wearing a brace can be helpful during a rehabilitation pe-
riod for protection.

Most studies reported that RTS can usually be al-
lowed at postoperative 6 months. However, most MMPRTs
are degenerative tears, which occur mostly in middle aged
patients. Thus, in MMPRTS, returning to pre-activity lev-
els is more important than RTS. Regarding functional re-
habilitation protocol, the included studies recommended
starting light running at 3 months after surgery”'**” and
deep knee flexion and squatting at 3 to 6 months after
surgery.”””” Lee et al." recommended allowing light run-
ning at 3 months after surgery and RTS at 6 months after
surgery, while prohibiting strenuous contact sports. Con-

sequently, physicians can recommend functional rehabili-
tation following time schedule and according to patients’
condition.

Besides, many factors during rehabilitation will af-
fect the healing of the meniscus root and meniscal extru-
sion, either positively or negatively. Early rehabilitation
programs prevent muscle weakness and joint stiffness,
whereas delayed rehabilitation programs prevent high
compression, shear applications, and damage to the me-
niscus.”® As there are strengths and weaknesses of each
program, physicians are responsible to identify and man-
age factors that can affect the recovery of a repaired me-
niscus.

There are several limitations in this study. First, this
systematic review was based on studies with relatively low
levels of evidence. Most studies included in this review
were based on retrospective case series, which have limited
clinical significance. However, this study conducted quality
assessment using the Coleman methodology score.'” The
quality of the studies analyzed in this review was overall
quite high with an average Coleman methodology score of
60.7 + 8.11. Quartile Coleman methodology score distri-
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bution was as follows: (1) first quartile (> 66), (2) second
quartile (60-65), (3) third quartile (51-59), and (4) fourth
quartile (< 50). Retrospective studies have traditionally re-
ceived equal importance as prospective studies in scientific
journals. Coleman’s score heavily penalizes retrospective
studies by providing no score for its retrospective nature
and hence the maximum score a retrospective study can
obtain is only 65. Therefore, the authors believe the quality
of the studies included in our systematic review is overall
adequate. Second, it was impossible to conduct a study
that compares clinical outcomes including clinical scores,
progression of arthrosis, meniscal healing, and meniscus
extrusion among distinct rehabilitation protocols since
studies included in this review were retrospective case
series, not comparative studies between distinct rehabili-
tation protocols, and other clinical parameters including
participants, suture materials, surgical techniques, and
follow-up periods were distinct among studies included.
Comparing clinical outcomes among studies with dif-
ferent parameters would lead to a biased and inaccurate
conclusion. Third, the current study included two surgi-
cal techniques (pullout repair and suture anchor repair),
whereas studies using a meniscal fixator for side-to-side
repair were not included. However, it would not be a seri-
ous problem because the main purpose of this study was
to systematically review the literature on the postopera-
tive rehabilitation protocols after MMPRT repair, not to
compare clinical outcomes of the two surgical techniques.
In the future, a well-organized comparative study among
different rehabilitation protocols with a long-term follow-
up and a larger sample size is required to properly evaluate
the effects of each rehabilitation protocol after MMPRT
repair. Fourth, it was impossible to conclude what kind of
rehabilitation protocol was superior regarding ROM, WB,
brace use, and RTS. In this systematic review, no discrete

consensus on rehabilitation protocols after root repair
could be found due to the heterogeneous nature of the
data included in this study. However, it should be consid-
ered that the clinical relevance of this systematic review is
to understand the trend of rehabilitation after root repair.

This systematic review showed that there are vari-
ous rehabilitation protocols after MMPRT repair regard-
ing ROM exercise, WB, brace use, and RTS. According to
the results of the current study, conservative rehabilitation
protocols would be more widely accepted because most
included studies had restricted ROM and WB according
to postoperative periods. However, it was impossible to
identify a consensus on rehabilitation protocols as the pro-
tocols analyzed in this review were distinct each other and
heterogeneous. In the future, a well-organized compara-
tive study on different rehabilitation protocols with a large
volume is essential to reach a consensus on rehabilitation
protocols.
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