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Background: Prospective studies evaluating second-look imaging of meniscus root repair using a transtibial pull-out technique
are limited; therefore, optimal surgical indications and the technique for meniscus root repair remain uncertain.

Hypothesis: It was hypothesized that there would be a high rate of healing, improvement in meniscal extrusion, and prevention of
articular cartilage degeneration and subchondral bone abnormalities after meniscus root repair.

Study Design: Case series; Level of evidence, 4.

Methods: Consecutive patients undergoing transtibial root repair were prospectively enrolled at 2 orthopaedic centers between
March 2017 and January 2019. Pre- and postoperative magnetic resonance imaging (MRI) scans were reviewed by a musculo-
skeletal radiologist in a blinded fashion for meniscal healing, quantification of extrusion, articular cartilage grade, subchondral bone
changes, and coronary/meniscotibial ligament abnormalities. Given persistent extrusion observed on postoperative MRI scans, an
additional 10 patients gave consent and were enrolled for immediate (before weightbearing) postoperative MRI scans.

Results: A total of 45 patients (16 male, 29 female; mean ± standard deviation age, 42.3 ± 12.9 years; body mass index, 31.6) were
prospectively enrolled in the study; there were 47 meniscus root repairs: 29 medial and 18 lateral (2 with both). Postoperative MRI
was obtained at an average of 6.3 months (range, 5.1-8 months); 98% of meniscal repairs had evidence of healing. Mean extrusion
increased significantly, from 1.9 ± 1.5 mm preoperatively to 2.6 ± 1.4 mm postoperatively (P ¼ .03). There was no significant
progression of chondromalacia grade, subchondral edema, insufficiency fracture, subchondral cysts, or subchondral collapse. In
the additional 10-patient cohort, the mean preoperative extrusion (1.6 ± 1.2 mm) was not significantly different from that imme-
diately postoperatively (2.0 ± 1.0 mm; P ¼ .23).

Conclusion: Prospective MRI analysis of transtibial meniscus root repair confirmed a high rate of meniscal healing and no
observable progression of cartilage degeneration or subchondral bone abnormalities at the short-term follow-up. However,
meniscal extrusion worsened in the first 6 months after surgery.

Registration: NCT03037242 (ClinicalTrials.gov identifier).
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The meniscus root is a critical structure, as it helps the
meniscus maintain its normal function as a shock
absorber and secondary stabilizer.13,42 Meniscal extru-
sion can occur with root injuries and has been shown

to be associated with degenerative osteochondral dam-
age, especially during axial loading of the tibiofemoral
joint.18 The loss of tibial attachment at the root of the
meniscus impairs the ability to maintain hoop stress
when the tibiofemoral joint is loaded. This loss of hoop
stress is responsible for the increased contact pressures
within the tibiofemoral joint, which can lead to early
osteoarthritis.2,11,30
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This new awareness has surgeons considering surgical
repair for the treatment of meniscus root tears since it has
been shown that nonoperative treatment and partial
meniscectomy can lead to poor outcomes.17,23 Biomechani-
cal data reported by Marzo and Gurske-DePerio33 demon-
strated that repair of the meniscus root avulsion restored
tibiofemoral contact pressures to a more favorable level.
Clinical results from Ozkoc et al37 showed that mean
Lysholm scores improved from 53 to 67 after repair of
meniscus root avulsions. Arthroscopic transtibial pullout
has become the most common technique for meniscus root
repair.11,22-24,31,36 Although short-term clinical outcomes
after meniscus root transtibial pull-out repair have been
favorable, some studies have shown incomplete healing
with persistent or increased extrusion.36,43 While there are
several excellent studies on assessment of healing from
centers in Asia, there is a lack of postoperative imaging
data from patients in North America, where issues such
as higher body mass index (BMI) may affect outcomes.15,19

The purpose of this study was to compare the prospective
magnetic resonance imaging (MRI) outcomes of meniscus
root repair in patients undergoing a transtibial pull-out
technique in order to answer the following questions: (1)
What is the rate of meniscus root healing on MRI in a pro-
spective multicenter cohort of patients after transtibial root
repair? (2) Does root repair and postoperative rehabilita-
tion affect cartilage and subchondral bone health in the
early postoperative period? (3) Is meniscal extrusion cor-
rected using transtibial root repair? We hypothesized a
high rate of healing, the prevention of both articular carti-
lage degeneration and subchondral bone abnormalities,
and improvement in meniscal extrusion after meniscus root
repair using a transtibial pull-out technique.

METHODS

Study Population and Design

This multicenter prospective clinical and radiographic
study included eligible patients undergoing meniscus root
repair at 2 high-volume orthopaedic centers (Mayo Clinic
and Columbia Orthopedic Group). After gaining approval
from the institutional review board, patients were evalu-
ated and gave consent to participate in research. The cohort

inclusion criteria were patients aged 18 to 65 years with
meniscus root avulsion tears requiring repair. These were
defined as meniscus posterior horn root avulsions or full-
thickness tears within 9 mm of the root attachment.27

Patients were enrolled between March 2017 and January
2019. Patients with ligamentous injuries who underwent
concomitant reconstruction or those with malalignment
who underwent corrective osteotomy were included. Root
repair was typically performed to completion before liga-
mentous reconstruction. In the case of malalignment, cor-
rective osteotomy was performed first, followed by root
repair as a single surgery. Exclusion criteria included >5�

malalignment without corrective osteotomy, Kellgren-
Lawrence (K-L) grade >2 arthritis, workers’ compensation
status, subchondral collapse on preoperative MRI, intra-
operative Outerbridge grade �3 chondromalacia, or poor-
quality meniscal tissue. This study was prospectively
registered at ClinicalTrials.gov (NCT03037242).

Surgical Technique

Meniscus root repair was performed by experienced arthro-
scopic surgeons (A.J.K., P.A.S., and M.J.S.). Standard knee
arthroscopy portals were created, including an ipsilateral
portal made under direct visualization to ensure access to
the posterior meniscus root. The posterior horn attachment
was inspected and assessed. Percutaneous medial collat-
eral ligament lengthening and reverse notchplasty were
performed, as needed. A tibial socket was created at the
meniscus root attachment. The targeting of the location
was accomplished using a specialized transtibial root guide
placed through the ipsilateral portal (Arthrex). Once the
guide was positioned at the center of the meniscus root
footprint, a 6-mm FlipCutter (Arthrex) was introduced into
the joint through the drill sleeve on the medial proximal
tibia. The FlipCutter was deployed, and a 6-mm diameter
socket was created to a depth of 5 to 10 mm. The drill sleeve
was tapped 7 mm in the tibia, and the FlipCutter was
removed and replaced by a FiberStick (Arthrex), to be used
later as a shuttle for passage of the meniscal sutures
through the tibia. The FiberStick passing suture was
retrieved through the contralateral viewing portal to avoid
tangling during suture passage into the meniscus. A Pass-
Port Button cannula (Arthrex) was then placed through the
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ipsilateral working portal to both prevent a soft tissue
bridge and aid in suture management. A free No. 0 nonab-
sorbable Fiberlink suture (Arthrex) was then passed
through the torn meniscus in a cinch stitch configuration
using a self-retrieving suture passing device (Knee Scor-
pion; Arthrex). Two cinch sutures were placed along with
a simple “leader” stitch close to the socket, which was used
to lead the meniscal tissue into the socket during tension-
ing. All sutures were then shuttled through the tibial
socket using the previously placed passing suture. The
leader stitch was tensioned first, followed by the cinch
sutures to reduce the meniscus back to the root attachment.
The knee was then cycled to remove any potential creep
from the meniscus-suture interface. Tibial fixation was
obtained using a 4.75-mm SwiveLock anchor (Arthrex)
placed into the proximomedial tibia through the previous
incision near 90� of knee flexion.

Rehabilitation Protocol

During the first 6 weeks after surgery, full knee extension
and nonweightbearing in a brace and knee flexion to 90�

were allowed. After 6 weeks, brace use was discontinued,
and the patient was allowed to begin progression to full
weightbearing and full knee range of motion as tolerated.
Knee loading at flexion angles>90� was not permitted until
4 months postoperatively. Return to athletic activity
occurred at a minimum of 6 months postoperatively, if
indicated.

Outcome Measures

Individual medical records were reviewed to obtain patient
information, including age, sex, laterality, medial or lateral
meniscus, and concomitant surgical procedures. Initial and
follow-up knee MRI scans were evaluated by a board-
certified musculoskeletal radiologist (A.C.J.) who was
blinded to pre- and postoperative status. Follow-up MRI
scans were obtained on average 6.3 months after surgery
(range, 5.1-8 months). A 1.5-T MRI scanner at one site and
a 3-T MRI scanner at the other site were utilized for pre-
and postoperative imaging. The amount of meniscal extru-
sion, defined as protrusion of the peripheral margin of the
meniscus beyond the tibial plateau except for osteophytes,
was measured on coronal images at the midpoint of the
medial femoral condyle of the initial and final MRI scans
by measuring the distance from a vertical line intersecting
the outer margin of the medial tibial plateau to the outer
edge of the medial meniscus.5 Meniscal healing was classi-
fied as complete (continuity in sagittal, coronal, and axial
MRI views), partial (loss of continuity in any 1 view), and
not healed (no continuity in any view).23 The technique for
assessing healing of meniscus root repairs and extrusion
has been well established, and previous literature on inter-
observer reliability assessments has shown rates of
�0.90.5,45 The femoral condyles and tibial plateau articular
cartilage surfaces were evaluated and graded using the
modified Outerbridge classification system.41,26 MRI scans
were also assessed for coronary/meniscotibial ligament
abnormalities, subchondral cysts, subchondral edema,

insufficiency fractures, and subchondral collapse using the
Whole-Organ Magnetic Resonance Imaging Score.12,40

Meniscus root tear was defined as a radial tear or complete
avulsion of the meniscus within 9 mm of the root attach-
ment.27 Subchondral edema was defined as focal bone mar-
row signal change with increased signal on T2-weighted
imaging and hazy intermediate signal on T1-weighted
imaging.6 Subchondral cysts were identified as well-defined
areas or increased signal intensity in the subchondral bone
on the fat-suppressed T2-weighted images. Insufficiency
fractures were defined as curvilinear foci of low signal
on T1-weighted and low to high signal on T2-weighted
images, which are surrounded by edema-like marrow sig-
nal. These lesions are adjacent to, but at some distance
from, subchondral bone plate.16 Radiographs were
reviewed to evaluate osteoarthritis severity using the
K-L grading system.21 Preoperative baseline and postop-
erative anteroposterior knee radiographs were reviewed.
Osteoarthritis was graded as none (grade 0), doubtful
(grade 1), minimal (grade 2), moderate (grade 3), or severe
(grade 4). Patients with K-L grade>2 preoperatively were
excluded. Long-leg standing radiographs were reviewed
to assess mechanical axis alignment.

Observation of persistent or worsening extrusion on
MRI, particularly on the medial side, generated concern
that extrusion was not corrected using the root repair.
Therefore, an additional 10 patients gave consent and
were enrolled for immediate postoperative MRI scans
within the first few weeks after surgery before the onset
of weightbearing.

Statistical Analysis

Univariate analysis was calculated for patient, clinical, and
radiologic variables. The Wilcoxon rank sum test was used
for continuous variables, and the Fisher exact test or chi-
square analysis was used for categorical variables between
initial and follow-up MRI scans. The McNemar test was
used to compare dichotomous variables between initial and
final MRI scans. All tests were 2-sided, and P values <.05
were considered significant. Analysis was performed using
SAS JMP Version 14.1.0 (SAS).

RESULTS

A total of 45 patients, including 29 women and 16 men,
underwent 47 meniscus root repairs between March 2017
and January 2019. A flow diagram of patient eligibility and
inclusion for analysis is shown in Figure 1. Characteristics
of the patient cohort are listed in Table 1. One patient had
both medial and lateral root repairs on their ipsilateral
knee, while another had the left medial and right lateral
roots repaired. Four knees did not have postoperative MRI
scans for analysis. The final study cohort included 47
knees, including 43 knees with both pre- and postoperative
MRI scans. The postoperative MRI scan was obtained on
average 6.3 months (range, 5.1-8 months) after surgery.
The average preoperative K-L grade was 0.46 (range, 0-
2), with the average postoperative grade being 0.84 (range,
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0-2) (P¼ .01). The postoperative K-L grade was obtained on
average 17.6 months (range, 1.4-26.1 months) after sur-
gery. Long-leg standing radiographs were available for 21
of the 47 knees.

Of the 43 root tears with pre- and postoperative MRI
scans, 98% had complete or partial healing after root
repair. Specifically, 17 (40%) meniscus root tears healed
completely, 25 (58%) healed partially, and 1 (2.3%) did not
heal after surgery (Figure 2).

There was no significant progression in articular carti-
lage grade, subchondral edema, insufficiency fracture, sub-
chondral cysts, subchondral collapse, or coronary/
meniscotibial ligament abnormality (Table 2). In review of
the available long-leg standing radiographs, there was no
correlation between mechanical axis and amount of extru-
sion, presence of major extrusion >3 mm, or progression of
extrusion. There was also no correlation between BMI and
preoperative (P ¼ .92) or postoperative (P ¼ .20) extrusion.
The presence of concomitant ligamentous reconstruction or
corrective osteotomy procedures was negatively correlated
with pre- and postoperative extrusion. Patients who

underwent isolated meniscus root repair were more likely
to have preoperative extrusion (P ¼ .03) and postoperative
extrusion (P < .01) at the 6-month MRI follow-up.

A total of 28 (65%) knees demonstrated meniscal
extrusion preoperatively, which increased to 36 (84%) post-
operatively (Figure 2). Table 3 contains a summary of pre-
operative and postoperative meniscal characteristics of the
cohort. Of the 26 knees with medial meniscus root tears, 19
had evidence of preoperative extrusion, while all 26 had
postoperative extrusion (P¼ .01). Nine of the 17 knees with
lateral meniscus root tears experienced preoperative extru-
sion, with 11 experiencing postoperative extrusion (P ¼
.73). The amount of overall meniscal extrusion increased
from an average of 1.9 mm preoperatively to 2.6 mm post-
operatively (P ¼ .03). Medial meniscal extrusion increased
from an average of 2.3 mm preoperatively to 3.2 mm post-
operatively (P ¼ .01). Lateral meniscal extrusion increased
from an average of 1.3 mm preoperatively to 1.8 mm post-
operatively (P¼ .44). In the 17 knees that experienced com-
plete healing of their meniscus root tears, 12 had extrusion
before surgery, and 14 had extrusion after surgery (P ¼
.69). The mean overall meniscal extrusion in the fully
healed knees increased from 1.9 mm preoperatively to
2.4 mm postoperatively (P ¼ .18). In the 25 knees that
experienced partial healing of their meniscus root tears,
15 had extrusion before surgery, and 21 had extrusion after
surgery (P ¼ .11). The mean overall meniscal extrusion in
the partially healed root cohort increased from 2.0 pre-
operatively to 2.7 mm postoperatively (P ¼ .11).

The 10-patient cohort underwent postoperative MRI at a
mean of 15.6 days after root repair. The mean extrusion
increased from 1.64 ± 1.19 mm before surgery to 2.0 ±
0.98 mm after surgery, although this finding did not reach
statistical significance (P ¼ .23). Seven of the 10 enrolled
patients experienced preoperative extrusion. All of the
patients who experienced preoperative extrusion continued
to have extrusion postoperatively. Additionally, 2 of the
patients without preoperative extrusion developed extru-
sion after surgery (Table 4). Of the 7 patients with preop-
erative extrusion, 3 had decreased extrusion, 1 patient had

8 pa�ents withdrawn 
from study due to 

missed 6-month MRI 
appointment window

53 pa�ents undergoing 
meniscus root repair with 
trans�bial pullout were 

prospec�vely enrolled from 
March 2017 to January 2019

45 pa�ents available for 
6-month MRI analysis

6-Month MRI Cohort

1 pa�ent withdrawn 
due to missed 

postopera�ve MRI 
appointment window

11 pa�ents undergoing 
meniscus root repair with 
trans�bial pullout were 

prospec�vely enrolled from 
June 2019 to March 2020

10 pa�ents available for
immediate postopera�ve

MRI analysis

Immediate Postopera�ve  MRI Cohort

Figure 1. Flowchart of study patients in the 6-month magnetic
resonance imaging (MRI) and immediate postoperative MRI
cohorts.

TABLE 1
Summary of Patient Characteristicsa

Sex
Male 16 (36)
Female 29 (64)

Age at surgery, y 42.28 ± 12.92
Body mass index 31.6 ± 7.29
Side involved

Left 28 (60)
Right 19 (40)

Medial meniscal involvement 29 (62)
Lateral meniscal involvement 18 (38)
Time to postoperative MRI, mo 6.3 (5.1-8)
Time to postoperative radiograph, mo 17.6 (1.4-26.1)
Time from injury to surgery, d 65.6 (1-898)

aContinuous variables are reported as mean ± SD; discrete vari-
ables, as mean (range); and dichotomous variables, as n (%). MRI,
magnetic resonance imaging.
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no change, and 3 patients had increased extrusion on
postoperative MRI. The average improvement measured
0.63 mm, and the average worsening measured 1.1 mm.
Extrusion was unchanged in 2 patients, 1 of whom had no
extrusion at any time.

DISCUSSION

Interest in meniscus root tears has been growing since Pag-
nani et al38 initially described posterior root tears and asso-
ciated meniscal extrusion. While there has been an
increased focus on repair of meniscus root tears, few

prospective studies have evaluated the optimal surgical
indications and technique. The purpose of this prospective
study was to determine the clinical and radiographic out-
comes of meniscus root repair using a transtibial pull-out
technique, specifically focusing on MRI rate of healing, car-
tilage preservation, and meniscal extrusion. Our findings
demonstrated that meniscus root repair results in a high
rate of healing and no observable subchondral bone abnor-
malities at short-term follow-up. However, meniscal extru-
sion did not improve and actually got worse.

It has been well documented that meniscus root repair
significantly improves pain and function while limiting

Figure 2. Visualization of meniscus root tears (arrows) on coronal magnetic resonance imaging scans. (A) Preoperative meniscus
root tear. (B) Postoperative healed meniscus root tear. (C) Postoperative partially healed meniscus root tear. (D) Postoperative
nonhealed meniscus root tear.

TABLE 3
Summary of Preoperative and Postoperative Meniscal

Characteristicsa

Preoperatively Postoperatively
P

Value

Meniscal extrusion 28 (65) 36 (84) .08
Meniscal extrusion, mm 1.9 ± 1.5 2.6 ± 1.4 .03
Medial meniscal

extrusion
19 (73) 26 (100) .01

Medial meniscal
extrusion, mm

2.3 ± 1.5 3.2 ± 0.9 .01

Lateral meniscal
extrusion

9 (53) 11 (65) .73

Lateral meniscal
extrusion, mm

1.3 ± 1.5 1.8 ± 1.6 .44

Meniscal healing
Complete 17 (40)

Extrusion 12 14 .69
Extrusion, mm 1.9 ± 1.6 2.4 ± 1.4 .18

Partial 25 (58)
Extrusion 15 21 .11
Extrusion, mm 2.0 ± 1.5 2.7 ± 1.5 .11

Nonhealed 1 (2)
Extrusion 1 1
Extrusion, mm 3.3 4.2

aContinuous variables are reported as mean ± SD, and dichot-
omous variables are reported as n (%). Bolded P values indicate a
statistically significant difference between pre- and postopera-
tively (P < .05). Blank cells indicate that no value was available
since healing was assessed as a postoperative outcome.

TABLE 2
Summary of Magnetic Resonance Imaging Characteristicsa

Preoperatively Postoperatively
P

Value

Articular cartilage
Outerbridge grade,
femur

1 (0-4) 1 (0-4) .66

Articular cartilage
Outerbridge grade,
tibia

0 (0-2) 1 (0-3) .15

Subchondral edema,
femur

10 (23) 7 (16) .59

Subchondral edema,
tibia

16 (37) 9 (21) .15

Insufficiency fracture,
femur

5 (12) 0 (0) .06

Insufficiency fracture,
tibia

6 (14) 1 (2) .11

Subchondral cysts,
femur

0 (0) 5 (12) .06

Subchondral cysts, tibia 0 (0) 0 (0) �.99
Subchondral collapse,

femur
2 (5) 0 (0) .49

Subchondral collapse,
tibia

1 (2) 1 (2) �.99

Coronary/meniscotibial
ligament abnormality

26 (60) 30 (70) .50

aDiscrete variables are reported as mean (range) and dichoto-
mous variables as number (%).
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progression of knee osteoarthritis.22,28,29,31 Our study illus-
trated that short-term outcomes of meniscus root repair
utilizing a transtibial pull-out technique are very good,
with 98% complete or partial healing at 6 months postop-
eratively. These results are compatible with the current
literature. Lee et al31 reported complete healing of the
meniscus root after pull-out suture repair for all 10 patients
when examined using second-look arthroscopy. Kim et al23

compared medial meniscus root repair to meniscectomy
and demonstrated that on second-look MRI scans and
radiographs, the repair cohort had a slower progression of
knee osteoarthritis with decreased joint space narrowing
and 93.3% of the patients experienced complete or partial
healing of the meniscus on postoperative follow-up MRI.
Moon et al36 showed good healing in 90.3% of their patients
after arthroscopic pull-out repair. Feucht et al,11 in a sys-
temic review, showed that there was complete or partial
healing in 96% of 137 patients examined using second-
look arthroscopy and MRI.

The posterior horn of the meniscus is critical to maintain-
ing normal knee biomechanics, as it helps to distribute hoop
stresses and prevent meniscal extrusion. It has been shown
that posterior meniscus root tears are biomechanically sim-
ilar to subtotal meniscectomy with regard to knee function
and progression to osteoarthritis.1 Late detection methods

such as plain radiographs can show subchondral bone
changes as well as cartilage thinning.4 While plain radio-
graphs are useful in their indirect examination of the artic-
ular cartilage, MRI assessment provides a more detailed
picture that can provide specific information regarding the
nature of the cartilage and subchondral bone.14,39 Our
results showed that meniscus root repair may be chondro-
protective at short-term follow-up. When compared with
the preoperative MRI, the postoperative MRI showed no
difference in cartilage degeneration, subchondral cysts, or
subchondral collapse. There was actually a trend toward
improvement in subchondral edema and insufficiency frac-
tures (Figure 3). At least at the 6-month time frame after
transtibial root repair, our finding of worsening extru-
sion—although worrisome from the biomechanical stand-
point—does not promote articular cartilage deterioration,
but we need longer follow-up on the true effect of this extru-
sion. Longer-term follow-up with careful assessment of
extrusion magnitude is required to determine if meniscus
root repair prevents articular cartilage degeneration, and
there may be a threshold of critical extrusion that is biome-
chanically important to resist hoop stress.

Meniscus root tears are known to be associated with
meniscal extrusion.3,32,38 Meniscal extrusion has been
shown to lead to accelerated joint destruction and progres-
sion of osteoarthritis.10,30 This is further evidenced by a
recent biomechanical investigation of medial meniscal
extrusion in the presence of intact roots, which demon-
strated significantly reduced tibiofemoral contact areas
with extrusion of�4 mm.9 The present study demonstrated
that while transtibial pull-out repair resulted in a signifi-
cant rate of meniscal healing, it did not halt meniscal extru-
sion. The data regarding improvement of meniscal
extrusion utilizing a transtibial pull-out technique are
mixed. Kim et al23 showed that mean extrusion decreased

Figure 3. (A) Preoperative meniscal extrusion (arrow) and (B) worsening postoperative meniscal extrusion (arrow) on coronal
magnetic resonance imaging scans.

TABLE 4
Pre- and Postoperative Meniscal Extrusion With

Postoperative Magnetic Resonance Imaging Obtained on
Average 15.6 Days Postoperatively

Preoperatively Postoperatively P Value

No. of patients (%) 7 (70) 9 (90) 0.58
Mean ± SD 1.64 ± 1.19 2.0 ± 0.98 0.23
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from 3.13 mm to 2.94 mm after transtibial pull-out repair at
a mean follow-up of 48.5 months. Masuda et al34 also dem-
onstrated improvement in meniscal extrusion after pull-out
repair. However, there are other studies that have demon-
strated no improvement or worsening of meniscal extrusion
after root repair. A meta-analysis by Chung et al7 reported
an increase in meniscal extrusion after medial meniscus
posterior root tear fixation. Moon et al36 described a mean
meniscal extrusion increase from 3.6 mm to 5.0 mm after
transtibial pull-out repair at a mean follow-up of 24
months. Chung et al8 also showed that while medial
meniscus posterior root tear pull-out fixation can lead to
favorable outcomes, it does not always improve extrusion.
Our study also demonstrated an increase in coronary/
meniscotibial ligament abnormalities, which have been
shown to be associated with meniscal extrusion.25

Additionally, our data showed that while patients with
both fully healed roots and partially healed roots experi-
enced increased extrusion postoperatively, those with par-
tially healed roots did have a greater amount of overall
extrusion compared with the fully healed cohort. When
comparing medial versus lateral meniscus root tears pre-
and postoperatively, we found a statistically significant
increase of meniscal extrusion in medial root tears com-
pared with lateral root tears.

Our data also demonstrated a negative relationship
between the presence of concomitant ligamentous recon-
struction or corrective osteotomy and extrusion, both pre-
and postoperatively. Patients with additional injuries had
less extrusion compared with patients with isolated root
tears. This finding is likely because of the more acute and
traumatic nature of injuries experienced by patients who
underwent additional ligamentous reconstruction, which
may affect the degree of meniscal extrusion. On the other
hand, patients who were evaluated with isolated root tears
likely experienced a more chronic and degenerative menis-
cal pathology, allowing for greater extrusion to develop over
a longer period of altered knee biomechanics.

The additional 10-patient cohort demonstrated that
meniscal extrusion remained persistent in the immediate
postoperative period after transtibial pull-out repair. There
are limited available data regarding assessment of menis-
cal extrusion immediately after repair. Kamatsuki et al20

evaluated 3-month postoperative MRI scans after pull-out
repair and found mean medial meniscal extrusion to be 4.3
± 1.5 mm compared with 4.2 ± 1.2 mm preoperatively. They
concluded that early arthroscopic surgery for medial menis-
cus root repair was more effective in preventing an increase
in extrusion compared with delayed surgery.

BMI could play a role in the increased instance of menis-
cal extrusion seen in our study. The average BMI of our
cohort was 31.6, which is greater than that of other cohorts
in the literature. The average BMI in the study by Masuda
et al34 was 26.6, and the average BMI in the study by Kim
et al23 was 26.8 in the repair cohort. Both of these studies
showed improvement in meniscal extrusion after transtib-
ial pull-out repair. Additionally, a recent investigation by
Zhang et al44 of patients undergoing transtibial pull-out
repair for medial meniscus root tears reported high BMI
(>30) as a significant risk factor for decreased

postoperative International Knee Documentation Commit-
tee scores at the 1-year follow-up; however, the relationship
between meniscal extrusion and clinical outcomes remains
unclear.

The multicenter prospective nature of our study with
inclusion of both medial and lateral root repairs allows our
data to be generalizable and is a relative strength. How-
ever, our study is not without limitations. We utilized post-
operative MRI to evaluate surgical outcomes as opposed to
second-look arthroscopy. However, MRI healing has been
well documented in other studies to correlate with arthro-
scopic findings.35 Additionally, the imaging protocols
between the 2 sites regarding pre- and postoperative imag-
ing were not completely standardized—one site utilized a
1.5-T scanner, while the other site used a 3-T scanner. Each
site, however, adhered to their respective standardized
imaging protocols among patients for both pre- and postop-
erative imaging. While we blinded our radiologist to pre-
and postoperative status, completely anonymizing this was
difficult because of the presence of transtibial tunnels.
Long-limb radiographs were available for less than half of
the studied knees, which could lead to a skewed analysis of
alignment and how it correlates with worsening extrusion.
Additionally, this study may not have been sufficiently
powered to detect differences among the studied variables,
particularly with only 10 patients in the immediate postop-
erative MRI cohort. The primary objective of this study was
to examine structural MRI changes in the meniscus, carti-
lage, and bone after transtibial root repair; as such, patient
outcomes were excluded.

CONCLUSION

Prospective MRI analysis of transtibial meniscus root
repair confirmed a high rate of meniscal healing and no
observable progression of cartilage degeneration or sub-
chondral bone abnormalities at short-term follow-up. How-
ever, meniscal extrusion worsened, even in the immediate
postoperative period. Additional studies should evaluate
techniques to improve meniscal extrusion.
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