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The Role of the Pie-Crusting Technique of the Medial
Collateral Ligament in the Arthroscopic Inside-out
Technique for Medial Meniscal Repair With or

Without Anterior Cruciate Ligament Reconstruction:
A Satisfactory Repair Technique
Mehmet Erdem, M.D.,
Levent Bayam, M.R.C.S.(Ed), M.Ch.(T&O, UK), M.Phil.(UK), M.Sc., F.E.B.O.T.,
Ahmet Can Erdem, M.D., Deniz Gulabi, M.D., Abdulhalim Akar, M.D., and

Alauddin Kochai, M.D.
Purpose: To assess the results of a technique for pie crusting of the medial collateral ligament (MCL) and inside-out
medial meniscal repair and perform a comparison with the literature. Methods: This retrospective study consisted of
electronic data collection between 2012 and 2017 with a minimum of 2 years’ follow-up. The inclusion criteria were the
presence of difficult medial meniscal tears with joint tightness requiring pie crusting and the presence of acute or chronic
tears of zone I or II with or without anterior cruciate ligament reconstruction (ACLR) using hamstring autograft during the
same session. The primary outcome of the study was the achievement of good results with the aforementioned technique.
There was no control group. All patients underwent assessments at 1, 2, and 6 months in outpatient clinics. At 6 months,
the Lysholm knee score was calculated. For statistical analysis, the Social Science Statistics online program was used to
perform descriptive analysis and assess any associations between the variables. Results: This study included 53 patients
from a single surgeon’s practice; of these patients, 31 underwent additional ACLR using hamstring autograft during the same
session. The mean age was 29.43 years (range, 14-49 years), and the mean increase in the medial joint space width was
3.21mm (range, 2-5mm)with pie crusting. At 6months, the average Lysholm score was 93 (range, 67-100) and the average
visual analog scale score was 0.8 (range, 0-4). There was no meaningful association between age, tear pattern, chronicity of
tear, joint spacewidth obtained after pie crusting, and associated anterior cruciate ligament tear. Patients returned to their daily
activity level at 4.5 months on average and returned to sporting activities at 7.4 months on average. Saphenous nerve
symptoms were observed in 5 patients, but no infection or instability was documented in the follow-up period.
Conclusions: In this study, we obtained good outcomes using arthroscopic inside-outmedial meniscal repair combinedwith
pie crusting for the release of the MCL, with or without ACLR. Level of Evidence: Level IV, therapeutic case series.
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Fig 1. Arthroscopic view of the knee via the lateral portal
showing the tip of the hook and a narrow medial joint space to
perform meniscal repair (left side). (JWS, joint space width.)
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today.1,3 To overcome iatrogenic damage to the artic-
ular cartilage due to a narrow joint space, especially in
arthroscopic repair of the posterior horn, one of the
described surgical techniques is pie crusting, which in-
volves repetitive puncturing of the MCL with a needle
in valgus stress, thereby facilitates expansion of the
medial joint space, allows access to the medial
meniscus, provides better visualization and an adequate
working space.3,4 Pie crusting of the MCL is a trans-
cutaneous release that facilitates expansion of the
medial joint space and allows access to the medial
meniscus to provide better visualization and an
adequate working space.3,4 Therefore, this could be an
advantage to ease the surgical approach, with better
handling of the repair and a decrease in chondral
damage.4 Previous studies have shown that pie crusting
is an effective and safe procedure and the MCL heals
fully with no residual valgus laxity, in contrast to the
lack of healing capability of the articular cartilage once
injured during arthroscopic procedures.4-6

Pie crusting is a well-known technique used in both
total knee replacement and meniscal repair but is
probably less commonly performed in the latter tech-
nique. The purpose of our study was to assess the re-
sults of a technique for pie crusting of the MCL and
inside-out medial meniscal repair and perform a com-
parison with the literature. Our hypothesis was that we
would obtain good outcomes in patients by use of the
described technique by improving visualization.

Methods
This retrospective study, with ethical approval from

the local committee, consisted of data collection be-
tween 2012 and 2017 with a minimum of 2 years’
follow-up. The data were collected from the electronic
medical records, and the measurements of medial joint
space width (JSW) were calculated carefully from the
intraoperatively recorded arthroscopic video footage for
each patient.
The inclusion criteria were the presence of medial

meniscal tears and the presence of acute or chronic
tears of zone I or II (red-red or red-white zone) with or
without anterior cruciate ligament reconstruction
(ACLR) using hamstring autograft during the same
session. The indications for pie crusting by the senior
surgeon (M.E.) were the presence of a tight medial joint
space and difficult cases such as posterior horn tears or
tears with extension to the midsubstance, large longi-
tudinal midsubstance tears, and buckle-handle tears,
which require expansion of the JSW to avoid iatrogenic
chondral damage. The exclusion criteria were medial
meniscal repairs without pie crusting and patients with
insufficient data or lack of intraoperative arthroscopic
videos. The primary outcome of the study was the
achievement of good results with the aforementioned
technique. There was no control group.
Surgical Technique
Initial diagnostic arthroscopy was performed using

anterolateral and anteromedial portals after the patient
was positioned supine with the leg dangling down.
Granulation tissue debridement on both sides of the
tear was performed with a meniscal rasp (Acufex;
Smith & Nephew, Andover, MA) or, alternatively, a
3.5-mm full-radius shaver.
Pie crusting was applied to selected patients with a

narrow JSW (Fig 1), which was not wide enough to
perform meniscal repair without iatrogenic damage in
the senior surgeon’s experience. Pie crusting was per-
formed at 15� to 20� of knee flexion and with the
application of gentle valgus stress. It involved repetitive
puncturing (3-5 times) of the MCL percutaneously
from anterior to posterior using an 18-gauge needle
superior to the medial joint line (Fig 2), by observing
the needle tip through arthroscopy (Fig 3), from just
above the level of the meniscocapsular junction, prox-
imal to the joint line, until the desired gap was obtained
(Fig 4).
When a patient underwent ACLR during the same

session, anterior cruciate ligament (ACL) tunnels were
initially prepared; the meniscus was then repaired
before ACL graft (hamstring tendon) insertion. Menis-
cal suturing was performed without tying (Fig 5). Once
the ACLR was completed, these meniscal stitches were
then tied over the capsule, medially or posteromedially
(Fig 6). Zone-specific cannulas were used with long and
flexible needles to pass sutures through the joint into
the meniscal substance under an arthroscopic view. The
stitches were tied carefully without hamstring entrap-
ment, and a small posterior joint line incision with a
length of approximately 2 cm, posterior to the MCL,
was used to retrieve the sutures and tie them directly
on the capsule (Fig 6); another skin incision was added



Fig 3. Intraoperative arthroscopic medial knee view via the
lateral portal showing the tip of an 18-gauge needle for pie
crusting.

Fig 4. Arthroscopic view of the medial knee compartment via
the lateral portal with increased joint space width (JWS) after
pie crusting.

Fig 2. Repetitive puncturing of the knee medial collateral
ligament (pie crusting) during arthroscopy to expand the
medial joint space width. The patient is in the supine position
with the leg dangling down.
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if necessary. For patients without ACLR, a micro-
fracture area was formed in the lateral wall of the
femoral notch to promote healing via bone marrow
medullary progenitor cell release.

Postoperative Protocol
Initial postoperative rehabilitation for meniscal repair

alone and for meniscal repair combined with ACLR was
the same and followed the local physiotherapist’s pro-
tocol. On the first day postoperatively, patients started
isometric quadriceps exercises, and during the first 4
weeks, flexion of the knee up to 90� was allowed with
an adjustable brace, followed by full flexion gradually.
Closed-chain exercises were started after 4 weeks and
continued with the addition of open-chain exercises
after 6 weeks. In the first 6 weeks, no weight bearing
was allowed except toe-touch weight bearing; later,
gradual weight bearing was allowed, with full weight
bearing permitted at 10 weeks.
All patients underwent assessments at 1, 2, and 6

months in outpatient clinics. At 6 months, the Lysholm
knee score and visual analog scale (VAS) pain score
were calculated. After the first 6 months, patients un-
derwent regular follow-up every 6 months. During all
follow-up visits, range of movement (ROM) of the
knees was measured and complications, if any, were
documented.

Medial JSW Measurement
Intraoperative arthroscopic video footage was used to

calculate the medial JSW and to assess the amount of
increase in the JSW after pie crusting in the post-
operative period as part of the study. The available
probes in the theater setting were all Acufex probes
(Smith & Nephew), and the tips of all probes measured
3 mm. The measurement was performed at the
narrowest point between the 2 condyles (femur and
tibia) in the medial compartment of the knee from the
static images.

Data Analysis
For statistical analysis, the Social Science Statistics

online program was used to perform descriptive anal-
ysis and to assess any associations between variables.
The associations between age, tear pattern, chronicity
of tear, JSW obtained after pie crusting, and associated
ACL tear were analyzed. To assess the associations be-
tween number of stitches, tear length, Lysholm and
VAS scores, ROM, and increase in joint space, correla-
tion tests were used. The Pearson correlation test was
used for parametric data; in addition, to assess the



Fig 5. Arthroscopic view of the medial knee compartment
showing mainly the posterior horn to midsubstance of the
medial meniscus via the lateral portal after meniscal repair.

Fig 6. Posteromedial skin incision to tie medial stitches over
the capsule. The patient is in the supine position with the leg
dangling down.
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associations between the other variables, the Spearman
r value was used.

Results
The study included 53 patients (49 male and 4 female

patients) from a single surgeon’s practice; of these pa-
tients, 31 underwent additional ACLR using hamstring
autograft during the same session. The mean age was
29.43 years (range, 14-49 years), and the mean follow-
up period was 31.6 months (range, 24-45 months;
minimum, 2 years). Acute meniscal injuries (within 3
months) were observed in 18 patients, whereas the
remainder of patients (n ¼ 35) had chronic injuries. We
noted buckle-handle tears in 17 patients and radial
tears in 7, with longitudinal tears in the remainder (n ¼
29). Medial meniscal tears mostly involved the poste-
rior horn, and 35 of 53 patients had posterior horn
tears. Sixteen patients had posterior horn tears
involving the midsubstance, 19 had posterior horn tears
only, and 18 had midsubstance tears. The meniscal tear
was in the red-white zone in 22 patients and in the red-
red zone in the remainder. The mechanism of injury is
shown in Table 1. Most of the patients were injured
during football, with the study comprising predomi-
nantly male patients. Different mechanisms were noted
among the 4 female patients (fall in 2, judo in 1, and
squatting in 1) (Table 1).
With the pie-crusting technique, there was a mean

increase in the JSW of 3.21 mm (range, 2-6 mm) (Fig 4,
Table 2). The mean number of stitches was 5.7 (range,
2-13) (Fig 3). At 6 months, the average Lysholm score
was 93 (range, 67-100) and the average VAS score was
0.8 (range, 0-4). Most patients returned to their daily
activity level (which constituted a return to normal
lifestyle activities such as walking, as well as a return to
work) at 4 months (range, 3-6 months; mean, 4.5
months; median, 4 months; mode, 4 months; standard
deviation, 0.96 months), whereas the return to sporting
activities took longer than 6 months, occurring at a
mean of 7.4 months (range, 6-12 months; standard
deviation, 1.85 months).
There was no documentation of infection, but

saphenous nerve symptoms were observed in 5 pa-
tients; all these symptoms were resolved during follow-
up. No instability was detected in the clinical assess-
ment. In the assessment of the intraoperative video
footage, we did not identify any iatrogenic cartilage
injury.
No correlation was found between tear zone and re-

turn to sporting activities, between saphenous nerve
symptoms and number of stitches, or between Lysholm
score and ACLR having been performed (Table 3).
However, there was a strong correlation between the
number of stitches and the tear length (Table 4, Fig 4).
We found a moderate correlation between the Lysholm
and VAS scores, a moderate correlation between the
Lysholm score and ROM, and a weak correlation be-
tween the number of stitches and the increase in JSW
via pie crusting (Table 4). One patient had a recurrent
meniscal tear after 2 years and eventually underwent
partial meniscectomy. No meaningful association was
observed between age, tear pattern, tear chronicity,
JSW obtained after pie crusting, and associated ACL
tear using Spearman r values (tear pattern and tear
chronicity, r ¼ 0.75; tear pattern and postoperative
JSW, r ¼ 0.7; postoperative JSW and ACL tear [or no
ACL tear], r ¼ 0.59; age and tear pattern, r ¼ 0.15; age
and tear chronicity, r ¼ 0.33; and age and JSW, r ¼
e0.08).



Table 1. Mechanism of Injury

Mechanism of Injury

Football Fall Squatting Basketball Judo

Patients, n 44 6 1 1 1

Table 3. Spearman Correlation for Nonparametric Values

Spearman
Correlation

Return to Sport
and Tear Zone
(R-R or R-W)

Saphenous
Nerve

Symptoms and
No. of Stitches

Lysholm Score
and ACLR
Performed

R value e0.007 0.366 0.135
P value .975 >.05 .486

NOTE. No significant correlation was observed between the
variables.
ACLR, anterior cruciate ligament reconstruction; R-R, red-red zone;

R-W, red-white zone.

ROLE OF PIE-CRUSTING TECHNIQUE e35
Discussion
In this study, we observed good outcomes and low

complication and failure rates after medial meniscal
repair with an inside-out repair and pie crusting of the
MCL in the absence of a control group. In the assess-
ment of the intraoperative video footage, we did not
detect any iatrogenic cartilage injury. No meaningful
association was found between age, tear pattern,
chronicity of tear, JSW obtained after pie crusting, and
associated ACL tear.
We used a 3-mm probe to estimate the medial JSW

initially and after pie crusting using intraoperative
arthroscopic video footage. Previously, arthroscopic
video clips were used to estimate the extent of chondr-
opathy,7 and the intrarater and inter-rater reliability of
estimating cartilage lesion size with arthroscopic views
was found to be moderate to good using a 3-mm probe.8

Themain indication or reason for pie crusting is adequate
visualization, especially in patients with tight medial
compartments,9 thereby avoiding an iatrogenic chondral
injury because of the narrow joint space. Howmuch the
compartment space can be expanded or needs to be
expanded is questionable. Increasing the space toomuch
may lead to instability, in theory, and not increasing the
space enough may be a hindrance to the surgical tech-
nique. Therefore, there should be a balance in between
increasing the joint space too much and too little. We
werenot able tofind any literature on theminimumJSW
required to perform meniscal repair, but the normal
value of minimum JSW is a mean of 4.8 mm for healthy
women and 5.7 mm for healthy men.10 The main
indication for pie crusting was to achieve adequate
visualizationdespecially with tight medial compart-
ments4dand, thereby, to avoid an iatrogenic chondral
injury. In the literature, the expansion has been
described mostly as measuring between 3 and 5 mm.9,11

Similarly, in our study, the mean increase in the JSW
with pie crusting was 3.21 mm (range, 2-5 mm), and
Table 2. Number of Stitches in Medial Meniscal Repair and
Medial Joint Space Width Preoperatively and Postoperatively
(After Pie-Crusting Procedure)

No. of
Stitches

Preoperative
Joint Space
Width, mm

Postoperative Joint
Space Width, mm

Mean 5.7 4.61 7.82
Median 6 5 8
Mode 6 5 7
SD 2.44 0.5 0.85

SD, standard deviation.
after the pie-crusting procedure, the mean JSW
measured 7.82 mm. Previous studies have shown that
pie crusting is an effective and safe procedure and that
theMCLheals fully with no residual valgus laxity.4-6 The
selective medial pie-crusting technique has also been
declared an effective and safe method to obtain a
balanced mediolateral gap in primary total knee
arthroplasty.11

Current arthroscopic techniques include inside-out,
outside-in, and all-inside repairs, and each all-inside
technique has its indications, advantages, and disad-
vantages.12 No differences in meniscal healing, clinical
failure rate, or outcome have been shown between
inside-out and all-inside meniscal repair techniques.3,12

According to Nelson and Bonner,12 the inside-out
technique is quite versatile; moreover, it allows for
fine precision and can be used for most repairable tear
patterns involving the posterior horn or body of the
meniscus.13 The inside-out meniscal repair technique
has been declared the standard of care for meniscal
repair and has shown improved patient outcomes; this
technique is best used for posterior horn, middle-third,
peripheral capsule, and bucket-handle tears.13,14 The
drawbacks of this technique include the need for
additional incisions, the risk of neurovascular injury,
the need for an assistant, and theoretically, an increased
procedure time. More nerve symptoms were reported
in association with the inside-out repair, and more
implant-related complications were associated with the
all-inside technique.13 Grant et al.3 reported that the
prevalence of nerve injury or irritation was 9% with
the inside-out technique. In our study, saphenous
nerve symptoms developed in 5 patients (9.43%); all
these symptoms were resolved during the follow-up
period. The mean number of stitches for meniscal
repair was variable in the literature, between 2 and
12.14-16 On average, 10 to 12 sutures were used in a
study by Maffulli et al.,14 and 5 were used by Espejo-
Reina et al.15 We were not able to find studies report-
ing the effect of the number of stitches on healing. In
our study, an average of 5.7 stitches per tear (range, 2-
13 stitches per tear) were used.
Failure of meniscal repair after 2 years was not

infrequent. Some studies have reported failure rates of



Table 4. Pearson Correlation for Parametric Values

Pearson
Correlation

Lysholm Score and VAS
Score ROM and Lysholm Score

No. of Stitches and Tear
Length

No. of Stitches and Increase
in Joint Space

R value 0.746 0.694 0.853 0.142
R2 value 0.556 0.481 0.728 0.02

NOTE. A strong correlation was observed between the number of stitches and the tear length.
ROM, range of movement; VAS, visual analog scale.
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up to 30%.1,17,18 Grant et al.3 reported clinical failure
rates of 17% for inside-out repairs and 19% for all-
inside repairs. In studies reporting the mean time to
failure, the mean was uniformly greater than 2 years.
Our follow-up period was 31.6 months (range, 24-45
months), and we had 1 failure (2.7%), in a patient with
a high body mass index, which led to partial menis-
cectomy at the 21st month. Meniscal repair may give
better results and outcomes over meniscal resection
when ACLR is performed with a reparable meniscal
tear.18,19 In our study, no correlation was found be-
tween the Lysholm score and patients having under-
gone ACL repair (or not). In our experience, vertical
stitches were more stable than horizontal stitches for
meniscal repair, which was also shown in a biome-
chanical study by Tabrizi and Shariyate,20 stating that a
vertical loop caused greater stability against tensile
force.
In our opinion, pie crusting provided better space to

allow the surgeon to work within the operating field
and enabled the surgeon to repair the meniscal tear
more effectively, with no increased complications. The
inside-out technique may have a longer learning curve,
but it is more versatile and could be more stable.

Limitations
This was a retrospective study of a single surgeon’s

practice without a control group to compare iatrogenic
cartilage damage without pie crusting. Only 1 outcome
score (Lysholm score) was obtained at 6 months post-
operatively, and not enough postoperative radiologic
imaging data were obtained to analyze for more
meaningful conclusions. Reporting JSW measurements
using a probe might be subject to reporting bias. Finally,
the follow-up duration was relatively short to draw
conclusions on failure rate.

Conclusions
In this study, we obtained good outcomes using

arthroscopic inside-out medial meniscal repair com-
bined with pie crusting for the release of the MCL, with
or without ACLR.
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