
Inside-Out or Outside-In Suturing Should Not Be
Considered the Standard Repair Method for
Radial Tears of the Midbody of the Lateral
Meniscus: A Systematic Review and Meta-
Analysis of Biomechanical Studies
Eduard Alentorn-Geli, MD, MSc, PhD, FEBOT1 J. H. James Choi, MD1 Joseph J. Stuart, MD1

Alison P. Toth, MD1 William E. Garrett, MD, PhD1 Dean C. Taylor, MD1 Claude T. Moorman III, MD1

1Duke Sports Sciences Institute, Department of Orthopaedic Surgery,
Duke University, Durham, North Carolina

J Knee Surg

Address for correspondence Claude T. Moorman III, MD, Duke Sports
Sciences Institute, Department of Orthopaedic Surgery, Duke
University, 3475 Erwin Road, Durham 27705, PO Box 3639, NC
(e-mail: t.moorman@duke.edu).

Meniscal tears are common knee injuries in young and active
individuals. While meniscectomy has been advocated as the
treatment of choice for many years, the management of
meniscal tears has more recently trended toward meniscal
preservation.1 It has been observed that removing meniscal
tissue is a precursor to mid- and long-term morbidities,
including early onset of knee osteoarthritis.2,3 This undesired
consequence of meniscectomy is explained by the fact that

complete radial tears and total meniscectomy of the lateral
meniscus cause a significant increase in mean contact
pressure and decrease in contact area.4 It has been observed
that these changes are more pronounced after lateral menis-
cectomy as compared with medial meniscectomy.5 Postme-
niscectomy early-onset knee osteoarthritis is especially
concerning considering that most of the acute, reparable
meniscal tears occur in young and active patients. In addition,
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Abstract The purpose was to evaluate which meniscal repair technique for radial tears of the
midbody of the lateral meniscus demonstrates the best biomechanical properties. An
electronic literature search was conducted using PubMed, EMBASE, CINAHL, and
ScienceDirect databases. Biomechanical studies investigating the repair characteristics
of radial tears in the midbody of the lateral meniscus were included. After appropriate
screening, a total of 54 studies were reviewed in detail (full text), and 6 met inclusion
criteria. The most common cause of exclusion was the investigation of longitudinal
tears. Only two studies could be meta-analyzed. Stiffness was significantly higher for all-
inside compared with inside-out repair techniques (p ¼ 0.0009). No significant differ-
ences were observed between both suture methods for load to failure (p ¼ 0.45).
However, both studies used different all-inside devices and suture constructs. No clear
conclusions can be drawn from the comparison of both types of repairs for displace-
ment, site of failure, or contact pressure changes. Overall, there are no conclusive data
to suggest that inside-out or outside-in suture repair has better load to failure or
stiffness, less displacement, or different site of failure compared with all-inside repair.
According to biomechanical data, it is under surgeon’s preference to elect one repair
technique over the other.
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meniscal repair has overall demonstrated better long-term
functional and radiographic outcomes compared with
meniscectomy.6–8 Therefore, meniscal repair should be
attempted whenever possible, especially in cases of injury
to the lateral meniscus.

The investigation of biomechanical properties of meniscal
repairs has significantly increased in the past 15 years.9

Several studies have compared different repair methods,
types of devices, and suture constructs.9 A general conclusion
has been that suture repair through inside-out or outside-in
technique is the standard method for meniscal repair, and
that the load to failure of a vertically oriented suture
configuration is higher as compared with a horizontal
configuration.9 However, the vast majority of studies have
included repair of longitudinal body-posterior horn tears,
bucket-handle tears, or medial meniscus repairs. Therefore, it
is pertinent to investigate if suture repair (inside-out or
outside-in) should be considered the standard for repair of
radial tears of the lateral meniscus.

The principal purpose of this systematic review and
meta-analysis was to evaluate which meniscal repair
technique for radial tears of the body of the lateral meniscus
demonstrates the best biomechanical properties. We
hypothesized that inside-out or outside-in suture repair
was not associated with better biomechanical properties
compared with all-inside repair devices for radial tears of
the lateral meniscus.

Methods

The methodology of this study was reported following the
PRISMA Statement for systematic reviews and meta-analyses.10

Eligibility Criteria
All studies investigating the biomechanical characteristics of
repair involving radial tears of the lateral meniscus were
evaluated for eligibility. Studies were included if they were:
controlled laboratory biomechanical studies, written in En-
glish language, involving either human or animal specimens,
involved a radial tear of the body of the lateral meniscus, and
contained information on the biomechanical characteristics
of any kind of repair. Studies involving the repair of radial
tears of both menisci were only included if they provided
enough information on biomechanical characteristics of the
lateral meniscus. Clinical therapeutic, prognostic, or diagnos-
tic studies were not included in this systematic review.
Related review articles, systematic reviews, and meta-analy-
ses were not included, but reference lists were examined to
ensure completeness of relevant studies.

Information Sources and Search
A systematic electronic literature search was conducted
in December 2014 using the PubMed (MEDLINE), EMBASE,
CINAHL, and ScienceDirect databases. This was performed by
one of the authors with experience on comprehensive,
multiple database–based, electronic literature searches. The
search strategy was aimed to provide a broad output. The
terms employed in this study were: (meniscus OR meniscal

OR menisci) AND (repair OR suture) for title, abstract, and
keywords without limits on publication year or type of study.
The reference lists of all included articles and review
articles were reviewed to search for potential studies not
previously identified.

Data Selection
The selection of studies was conducted through a two-phase
process. All titles and abstracts were read (first phase) and
articles of potential interest were reviewed in detail (full text;
second phase) by one of the authors to decide on inclusion or
exclusion from this systematic review. The study selection
was then verified by another author. The study selection
process and studies finally included in this study were
reviewed and discussed with a third author to ensure
adequacy of methodology and appropriateness for the
present systematic review. In cases when relevant informa-
tion was missing from the studies for determination on the
inclusion or exclusion from this study, we requested infor-
mation directly from the studies’ authors.

Data Collection
For all included studies, the following information was col-
lected in a summary table: reference, characteristics of the
specimens (species, total number of specimens used, mean
age in human specimens only), repair methods (all-inside,
inside-out, outside-in, type of suture used, shape of the repair
construct), assessment method, biomechanical outcomes,
and key findings.

Data Analysis
Descriptive statistics were used to summarize the
biomechanical outcomes of the included studies. A meta-
analysis for studies comparing the all-inside and inside-out
meniscal sutures was conducted for load to failure (N) and
stiffness (N/m). The I2 heterogeneity index was used to
determine the meta-analysis model for continuous varia-
bles (load to failure and stiffness): for I2 between 0 and 40%,
the fixed-effects model was used; for I2 between 40 and
60%, the random-effects model was used.11,12 In both cases,
the inverse variance statistical method was employed, with
standard mean difference (95% confidence interval) as the
effect measure. In cases of I2 greater than 60%, the meta-
analysis was not conducted if it only involved less than
three studies.11,12 A forest plot was used to represent the
meta-analysis. The statistical analysis was conducted with
RevMan 5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014).

Results

Study Selection
The literature search using the four databases elicited a total
of 5,640 references. After title/abstract screening, 5,586 refer-
ences were excluded (►Fig. 1). A total of 54 studies were
reviewed in detail (full text), and 6 met inclusion criteria
(►Fig. 1).4,13–17 Themost common cause of exclusionwas the
investigation of longitudinal meniscal tears.

The Journal of Knee Surgery

Repair Methods for Radial Tears of the Lateral Meniscus Alentorn-Geli et al.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

 L
av

al
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



Characteristics of the Studies
Of the six studies, three were human specimens (one fresh
and two fresh-frozen)4,16,17 and three porcine fresh-frozen
specimens.13–15 The types of meniscal repair were summa-
rized in four items: (1) type of device-suture repair used (all-
inside or inside-out/outside-in); (2) direction of the suture
from entry point in the meniscus to the suture anchorage
with respect to the meniscal tear (perpendicular, oblique, or
parallel); (3) orientation in a cross-section of the meniscus
(vertical or horizontal); and (4) appearance from an intra-
articular view (negative-sign [for one stitch] or equal-sign [for

two stitches] shaped, Z-shaped, or X-shaped). The types of
constructs that have been biomechanically tested have been
summarized in►Fig. 2. Four studies reported the outcomes as
load to failure, stiffness, displacement, and site of failure,13–16

whereas the other two reported the outcomes as contact
pressure and contact area.4,17

All six studies were included in the qualitative
analysis. ►Table 1 summarizes the characteristics and prin-
cipal findings of the included studies. Only two studies could
bemeta-analyzed, corresponding to the comparison between
all-inside and inside-out suture repairs.13,15 No study could

Fig. 1 Flow chart of the study selection process.
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bemeta-analyzed for different types of constructs because no
more than one study compared the same constructs
(►Table 1). The meta-analysis could only be conducted for
two of the parameters: load to failure and stiffness. The
heterogeneity index (I2) for displacement and suture failure
was 88 and 92%, respectively.►Figs. 3 and 4 demonstrate the
meta-analysis for load to failure and stiffness for the two
studies comparing all-inside and inside-out meniscal repairs.
Pooled together, it was observed that the stiffness was
significantly higher for all-inside compared with inside-out
constructs (p ¼ 0.0009; ►Fig. 4). No differences were ob-
served between both suture methods for load to failure
(p ¼ 0.45; ►Fig. 3). However, although both studies involved
radial tears of the lateral meniscus in porcine (fresh-frozen
specimens), they used different all-inside devices and differ-
ent suture constructs (►Table 1 and ►Fig. 2). ►Table 1 sum-
marizes the principal findings regarding contact area and
contact pressure changes after meniscal repair of radial tears.

Discussion

The purpose of this study was to evaluate which meniscal
repair technique for radial tears of the lateral meniscus
demonstrated the best biomechanical properties. This
purpose could only be partially accomplished due to the
limited number of biomechanical studies evaluating this
specific tear pattern. However, this study clearly demon-
strates that there is no evidence to suggest that inside-out
or outside-in is the standard method for repair of radial
tears of the lateral meniscus from a biomechanical
standpoint. In the studies available for meta-analysis, the
all-inside repair demonstrated significantly higher
stiffness compared with inside-out repair method.
However, both studies used different all-inside devices
and suture constructs. Overall, there are no conclusive
data to suggest that inside-out or outside-in suture repair
has better load to failure or stiffness, less displacement, or
different site of failure compared with all-inside repair.

Radial tears of the lateral meniscus represent a small
proportion of all meniscal tears, but lateral meniscus tears
have been found to have worse clinical implications com-
pared with medial meniscus tears.5 Additionally, a partial
meniscectomy of a radial tear extending into zone 1 or 2
implies the removal of �50% of the meniscus to leave the
native meniscus free of sharp corners.18 Potential undesired
consequences affecting the articular cartilage from radial
tears are especially relevant when dealing with complete
tears that extend to zone 0 (capsule).17 Thus, the investigation
of repair techniques for radial tears of the lateral meniscus is
warranted.

A recent meta-analysis on biomechanical properties of
meniscus repairs was conducted involving 41 studies.9 In
general, it was observed that suture repair (inside-out and
outside-in) had better biomechanical properties compared
with all-inside meniscal repair devices.9 In addition, it was
found that vertically oriented constructs had higher load to
failure compared with horizontal configuration.9 The conclu-
sion was made that suture repair (instead of all-inside repair
with devices) remains the gold standard for meniscal repair.
However, these conclusions are not applicable to radial tears,
as all but one of the included studies involved longitudinal
tears.9,17 Results of biomechanical properties of meniscal
repair involving longitudinal tears do not necessarily apply
to radial tears for two reasons. First, the different orientation
of the tear in longitudinal compared with radial tears may
influence the forces that the repair has to resist. In the case of
radial tears, compressive forces on the joint are converted into
circumferential or hoop stress forces on the meniscus that
may separate meniscal edges,19,20 whereas in the case of
longitudinal tears, compressive forces may bring the edges
together.21 Second, for radial tears, any type of meniscal
repair with attachment to the capsule creates a force parallel
to the tear when the suture is tightened (►Fig. 2). In contrast,
the same type of suture applied to a longitudinal tear will
create a force perpendicular to the tear when the suture is
tightened, which should function to bring both edges of the

Fig. 2 Summary of repair methods and constructs employed in the included studies.
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tear together. Therefore, most suture constructs do not apply
a force directly perpendicular to the direction of the radial
tear (►Fig. 2). Group 1 of the present study (►Fig. 2) was the
only one in which the suture forces were applied perpendic-
ular to the tear.13

This systematic review only found six studies specifically
investigating biomechanical characteristics of radial tears of
the lateral meniscus. The biomechanical outcomes evaluated
in two studies were different than the rest of studies.4,17 The
remaining four studies evaluated the same outcomes using
different repair comparisons (►Fig. 2).13–16 Therefore, only
two studies could be meta-analyzed regarding the bio-
mechanical properties of all-inside devices compared with
inside-out suture repair.13,15 The reason for performing a
meta-analysis including only two studies is to try to pool both
results together. Although this is not an ideal scenario, a
meta-analysis including two studies is accepted if the studies
can be meaningfully pooled and have low (or moderate if a
random-effects model is used) heterogeneity.11,12 Beamer et
al observed significantly higher load to failure and stiffness
and significantly lower displacement in the all-inside repair
comparedwith the inside-out suture repair.13 In contrast, Lee
et al observed no significant differences in the same param-
eters between the all-inside and the inside-out suture re-
pairs.15 It is hypothesized that the disparity in the results
observed between both studies may be explained, in part, by
the differences in the repair construct. In the all-inside repair
used in the study by Lee et al,15 the suture anchorage is at the
capsule (►Fig. 2), which does not create a force purely
perpendicular to the radial tear as it does in the all-inside
repair construct employed by Beamer et al.13 Interestingly,
the results of both studies pooled together demonstrated that
the stiffness is significantly higher in the all-inside compared
with the inside-out repairs (►Fig. 4), whereas no significant
differences were observed for load to failure. The
displacement was significantly lower in the all-inside
group compared with the inside-out group in the study by
Beamer et al,13 whereas the all-inside group in the study by
Lee et al had an increased (nonsignificant) displacement
compared with the inside-out group.15 Displacement and
site of failure could not be meta-analyzed because the
heterogeneity index (I2) was too high.11

A general conclusion regarding the suture construct is that
the use of two sutures provides better biomechanical prop-
erties compared with one suture.14 It has been observed that
the use of two sutures in an “X” configuration (group
5; ►Fig. 2) demonstrates higher load to failure and stiffness,
and lower displacement compared with the “equal-sign”
construct (group 4; ►Fig. 2). Due to the variety of suture
constructs used among studies, it was not possible to perform
a pooled analysis. The comparison between subgroups with
similar constructs from different studies would not provide
reliable conclusions. Conclusions made for longitudinal tears
regarding better biomechanical properties of vertical com-
paredwith horizontal sutures cannot be established for radial
tears nor extrapolated from longitudinal tears.

Biomechanical characteristics of meniscal repair do not
necessarily correlatewith clinical outcomes. In other words, aTa
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biomechanically stronger construct does not guarantee heal-
ing of the radial tear. However, some studies have reported
very good healing rates with some of the repair techniques
reviewed in this study for radial meniscal tears.22–25 These
studies have used the types of repair classified as group 122,25

and group 4.23,24 In a case series involving 14 radial tears of
the midbody of the lateral meniscus repaired through the
group 1 technique (►Fig. 2), Choi et al found 100% absence of
joint line tenderness, mean 138-degree knee range ofmotion,
postop Lysholm score of 94.7 points, and postop Tegner
activity level of 5.7 at a mean follow-up of 36 months.22

Thirty-five percent of patients had complete and 57.1% had
partial magnetic resonance imaging (MRI)–based healing.22

The three cases of complete radial tears of the lateral menis-
cus reported by Yoo et al and repaired through the same
technique (group 1; ►Fig. 2) demonstrated complete healing
after second-look arthroscopy.25 Using the inside-out repair
technique classified as group 4with the addition of fibrin clot,
Ra et al observed an MRI-based complete healing rate of
91%.23 Six of seven patients who had a second-look arthros-
copy showed complete healing as well.23 At a mean of 30-
month follow-up, the patients demonstrated improvements
of Lysholm and International Knee Documentation Commit-
tee subjective knee score from 65 and 57 to 94 and 92,
respectively.23 Using an outside-in technique with the
parallel, horizontal construct with the addition of a fibrin
clot, van Trommel et al found that all five patients returned to
preinjury sports activity level after repair of complete radial
tears of the lateral meniscus.24 All patients available for
follow-up (three patients) demonstrated an MRI-based
complete healing.24 In summary, very good healing rates
and clinical and functional outcomes have been reported
with repair of radial tears of the lateral meniscus using either
inside-out (and outside-in), parallel, horizontal sutures
(group 4) with addition of fibrin clot, or using all-inside,
perpendicular, vertical (group 1) techniques.

Biomechanical and clinical evidence supports the attempt
to repair radial tears of the lateral meniscus. Even if the
healing rate is not 100%, the attempt is justified by the fact

that complete radial tears create a significant increase in peak
contact pressure and decrease in contact area equal to partial
meniscectomy,4,17 which would have mid- and long-term
consequences on articular cartilage integrity. Nonetheless,
the effects of repair of radial tears of the lateral meniscus on
the modification of contact area are controversial. While
significant decrease in peak pressure with meniscal repair
compared with complete tears has been reported,17 the role
of meniscus repair in increasing contact area is not clear.4,17

Given that biomechanical studies on pressure changes were
controlled laboratory studies, it would be interesting to
investigate pressure changes in an in-vivo animal model after
repair and eventual healing. Biomechanical and clinical
evidence supports that the best construct for radial tears is
vertical and perpendicular sutures (►Fig. 2),13,22 which for
technical reasons may be better achieved through an all-
inside technique. Given the low number of studies supporting
this conclusion, further research is needed in this area before
strong conclusions can be drawn regarding the best construct
from a biomechanical and clinical standpoint.

This study has some limitations. As in any systematic
review and meta-analysis, there are several potential
shortcomings: risk of missing related studies, validity of
results depending on validity of studies included, potential
heterogeneity among studies, or publication bias. Two
specific limitations of this study are the lownumber of studies
included and the fact that only two of them could be meta-
analyzed. While having strict inclusion criteria and a limited
number of studies included is not necessarily a weakness of a
systematic review,11 a meta-analysis with only two studies
can lead towrong conclusions if not appropriately conducted.
Heterogeneity among studies has to be strongly considered
and nonsignificant differences interpreted with caution. It
might be possible that an increase in the number of studies
meta-analyzed would have elicited significant differences.
However, we believe that based on the present findings, the
inside-out or outside-in meniscal suture should not be con-
sidered the standard method for repair of radial tears. Finally,
two studies included the body-posterior horn junction of the

Fig. 3 Load to failure (N) depending on the repair technique in the included studies.

Fig. 4 Stiffness (N/mm) depending on the repair technique in the included studies.
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lateral meniscus.4,17 However, these studies did not include
information on the main outcomes evaluated (load to failure,
stiffness, displacement, and site of failure), and hence the
principal conclusions are not affected. The conclusions from
this study cannot be applied to tears of the anterior or
posterior horn of the lateral meniscus.

Conclusion

There is no evidence to suggest that an inside-out or outside-in
technique is the standardmethod for repair of radial tears of the
body of the lateral meniscus from a biomechanical standpoint.
Overall, there are no conclusive data to suggest that inside-out or
outside-in suture repair has better load to failure or stiffness, less
displacement, ordifferent siteof failure comparedwithall-inside
repair. Repair of radial meniscal tears should be attempted given
the good healing and clinical and functional outcomes reported,
but according to biomechanical data it is under surgeon’s
preference to elect one repair technique over the other.
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