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Improved Outcomes After Reinforced Radial
Meniscus Repair Augmented With Bone Marrow

Aspirate Concentrate

Patrick A. Massey, M.D., M.B.A., Gabriel Sampognaro, M.D., Ellie Starnes, M.D.,

Michael Todd Lowery, M.D., Macey Duncan, William F. Sherman, M.D., M.B.A., and
Andrew S. Zhang, M.D.
Purpose: To assess clinical outcomes of patients who have undergone surgical repair of radial meniscal tears with
reinforced suture bar (rebar) technique augmented with bone marrow aspirate concentrate. Methods: This is a retro-
spective study of a single fellowship-trained sports medicine surgeon’s experience on all patients who underwent a
reinforced repair (rebar) of a radial meniscus tear from November 2016 to 2018, with a minimum of 12-month follow-up.
Lysholm scores, IKDC (International Knee Documentation Committee) Subjective Knee Form scores, and Tegner
scale were collected postoperatively at periods for at least 1 year and retrospectively studied. Results: Patients were
followed for an average of 36.3 � 25.0 months [range: 12.0-69.0 months]. Pain scores improved from 6.1 � 2.1 to 0.4 �
1.4 at 1 year (P < .001). IKDC Subjective Knee Form scores improved from 63 � 26 to 90 � 13 (P ¼ .021). Lysholm scores
improved from 64 � 28 to 94 � 9 (P ¼ .025). Based on a calculated minimal clinical important difference (MCID) of 1.5,
100% of patients had improvement above the MCID. In addition, 88% of patients had a 1-year IKDC Subjective Knee
Form score above the patient acceptable symptomatic state. Preoperative Tegner activity scale improved from 3 � 1.5 to 8
� 2.6 (P ¼ .007). Patients returned to their preinjury activity with little difference in the Tegner activity scale when we
compared preinjury and 1-year postoperative (8.1 � 1.3 vs 8.0 � 2.6 respectively, P ¼ .317). Conclusions: The rebar
repair technique for radial meniscus tears, with bone marrow aspirate concentrate augmentation, showed improved
outcomes in both pain and function at minimum follow-up of 12 months. Patients were able to return to a high preinjury
activity level by 1 year, and 100% of patients had improvement above the MCID and 88% met patient acceptable
symptomatic state. Level of Evidence: Level IV, therapeutic case series.
he meniscus serves a complex and vital role in the
Tbiomechanics of a healthy knee. It is an important
stabilizer of the knee, while distributing load and
serving as a shock absorber. It also serves to lubricate
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and distribute nourishment within the joint. With
nearly 500,000 meniscus tears occurring in the United
States each year, meniscus surgery has become one of
the most frequently performed orthopaedic proced-
ures.1 As a result of these numbers, numerous treat-
ment options exist depending on the nature of the
meniscal pathology.1-3

Radial meniscus tears can be particularly difficult to
treat. Radial tears occur perpendicular to the circum-
ferential fibers of the meniscus, partially or completely
transecting the meniscus. With discontinuity of these
circumferential fibers, radial meniscus tears signifi-
cantly impair the normal function of the meniscus to
absorb hoop stress and distribute tibiofemoral loading.4

Contact points across the tibiofemoral joint are then
significantly altered, which may lead to articular carti-
lage degeneration and early-onset osteoarthritis.5-7

Historically, many radial meniscus tears were treated
with meniscectomy.8 Unfortunately, without restora-
tion of the meniscus’s ability to absorb hoop stresses
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and distribute load, many authors have found menis-
cectomy to provide undesirable outcomes.6,9 Accord-
ingly, there has been increasing evidence focused on
meniscus preservation and repair, especially in younger
patients.6 With this emerging knowledge, there has
been an increase in the number of meniscal repair
surgeries performed in recent years.10,11

Treatment of radial meniscal tears are further
complicated by technical and biological challenges.
Goals of meniscal repair include an appropriate reduc-
tion and stabilization of the torn meniscus, which al-
lows for healing and restoration of biomechanical
function. At least a portion of many radial tears include
the avascular whiteewhite zone of the meniscus, which
is known for its poor healing potential.10,11 This has led
some surgeons to add augmented biologics such as
fibrin clot or bone marrowederived fibrin clot.12-14 As
surgical technology continues to evolve, the optimal
suture configuration to achieve our goals in meniscal
repair are still under investigation. Horizontal mat-
tresses, oblique sutures, reinforcing sutures, all-inside
repairs, and transtibial tunnel repairs have been stud-
ied to assess patient outcomes, tear displacement after
loading, overall load-to-failure, and other mechanical
characteristics.15-18

A previous biomechanical investigation demonstrated
a significant improvement in load-to-failure using a
novel technique, reinforced suture bar (rebar) repair,
compared to standard parallel and cross stitch config-
urations.17,19 This study demonstrated a decrease in
failures due to suture cut out.17 The purpose of this
study was to assess clinical outcomes of patients who
have undergone surgical repair of radial meniscal tears
with the reinforced suture bar (rebar) technique
augmented with BMAC (bone marrow aspirate
concentrate). Our hypothesis was that patients would
have improved functional outcomes and lower pain 1
year after rebar repair for radial meniscus tears with
BMAC augmentation.

Methods
A retrospective review was completed on all meniscus

repairs performed by a single fellowship-trained surgeon
using Current Procedural Terminology codes 29882 and
29883 from November 2016 to November 2018 after
institutional review board approval (STUDY00001235).
Inclusion criteria were radial meniscus tears repaired
with a rebar technique. Exclusion criteria were patients
with grade 3 or 4 chondromalacia, fractures, associated
root avulsions, parrot beak tears (any radial tears that
also had a longitudinal tear component), patients with
less than 12 months of follow-up, and repairs not
done with adjunctive BMAC using the BioCue system
(Biomet, Warsaw, IN). Demographic data were
reviewed via a chart review and concomitant procedures
such as anterior cruciate ligament (ACL) surgery were
recorded.
This technique is an arthroscopic reinforced suture

repair performed in a standard inside-out fashion (Figs
1 and 2).17,19 The standard technique used four 2-
0 nonabsorbable sutures, which are attached to
meniscus needles (FiberWire; Arthrex, Naples, FL).
Needle cannulas are then used to pass the needles
(ZoneNavigator; Arthrex). The rebar repair consists of 2
vertical sutures, the reinforcement, and 2 parallel hor-
izontal sutures (Fig 1). Two parallel vertical sutures are
first placed on each side of the radial tear. Two addi-
tional sutures are then placed perpendicular to and
crossing the radial tear, in juxtaposition to the vertical
reinforcing sutures.19

For posterior based tears, a variation of this technique
was done with all-inside devices (FAST-FIX 360; Smith
& Nephew, Memphis, TN).
The bone marrow was obtained from a trocar inserted

into the femoral notch and 25 cc was withdrawn into a
mixture of 5 cc of anticoagulant citrate dextrose. After
15 minutes of centrifugation, 3 to 5 cc of BMAC was
injected into the radial meniscus tear after final tying of
the sutures and the repair was completed.
All patients received a standardized postoperative

rehabilitation protocol. Patients wore a hinged knee
brace for 6 weeks and were toe-touch weight bearing
with crutches. Patients did physical therapy 2 times per
week for range of motion and quadriceps sets. After 6
weeks, patients were advanced to full weight-bearing
with basic closed chain exercises. After 4 months, pa-
tients were cleared for full-duty work or sports partic-
ipation. Patients receiving an ACL reconstruction were
not cleared until 9 months after surgery. Patients had a
physical examination and clinical assessment at their
postoperative visits and had incision checks at 1 and 2
weeks’ postoperative and physical examination tests at
the follow-up intervals consisting of range of motion
evaluation, knee effusion evaluation, and meniscus
testing with McMurray’s test before work or sport
clearance.
Preoperative pain, Lysholm, International Knee

Documentation Committee (IKDC) Subjective Knee
Form Score, and Tegner activity scale were collected in
person by a physician assistant or resident physician, as
well as postoperative scores at 1-week, 2-week, 6-
week, 3-month, 6-month, and 12-month in-
tervals.20-22 A subgroup analysis of outcomes was per-
formed by categorizing patients who had concomitant
ACL reconstruction and those who did not. Preinjury
Tegner activity scale was also included for comparison.
Pain was evaluated at rest using the Wong-Baker scale
of 0-10 for subjective pain assessment.



Fig 1. Illustration of an over-top view of
a left lateral meniscus radial meniscus
tear repair with a reinforced technique
(rebar). The bottom of the figure is
anterior. There are 2 parallel vertical su-
tures in dark green to act as reinforcing
sutures. There are also 2 perpendicular
horizontal sutures in blue juxtaposed to
the reinforcing vertical sutures. The
completed rebar repair is visualized with
sutures tied on the capsular side.17,19

REBAR REPAIR FOR RADIAL MENISCUS TEARS e845
Statistical Analysis
Based on a previous statistical analysis of radial

meniscus repairs with a preoperative Tegner activity
scale of 4 � 0.7 and postoperative Tegner scale of 6.1 �
1.3, the number needed to reach a power of 0.8 was
5.23 Minimal clinical importance difference (MCID) was
calculated by 0.5 � standard deviation of the
improvement of pain. The patient acceptable symp-
tomatic state (PASS) used was 69 for the IKDC Sub-
jective Knee Form score based on previous literature.24

As the data were determined to be nonparametric,
preoperative and postoperative metrics were compared
using a Wilcoxon signed rank test.

Results
During the 2-year inclusion period, there were 146

meniscus repairs performed. After review of operative
notes, there were 42 radial meniscus repairs identified.
Fig 2. Arthroscopic view through an
anterolateral portal of a left knee lateral
meniscus. The rebar repair has been
completed. There are 2 parallel vertical
sutures placed with 2 perpendicular
sutures juxtaposed to the reinforcing
vertical sutures.
Six were excluded due to not being repaired with a
rebar technique, 9 for grade 4 chondromalacia, 1 root
tear, 4 parrot peak tears, 2 that were not treated with
adjunctive BMAC, and 1 treated with a different BMAC
system. Two repairs were lost to follow-up. This yielded
17 repairs in 17 patients for final inclusion (see Fig 3);
11 were male and 6 were female. Average time to
follow-up was 36.3 months � 25.0 [range: 12.0-69.0].
The average age of the patients was 23 � 14 [range:
12-67]. Six (35%) of these patients had tears located
on the medial meniscus, whereas 11 (65%) patients
had lateral meniscus tears. Five of the lateral radial
meniscus repairs had concomitant medial meniscus
repairs and 1 of the medial radial repairs had a
concomitant lateral meniscus repair. Also, there were
10 (61.1%) right knees repaired and 7 (38.9%) left
knees repaired. Based on the location of the tear,
different techniques were used with the same



Fig 3. Flow chart illustrating the
reasons for including and
excluding patients for this study.
(BMAC, bone marrow aspirate
concentrate.)

Table 1. Demographics, Laterality, Technique, and
Concomitant Procedures for All Patients Included in the Study

n

Sex
Male 11
Female 6

Laterality meniscus
Medial 6
Lateral 11

Laterality knee
Right 10
Left 7

Technique
All inside 8
Inside-out 8
Outside- in 1

Associated ACLR
With ACLR 6
Without ACLR 11

Age, y
Mean 23 [range: 12-67]
SD 14

ACLR, anterior cruciate ligament reconstruction; SD, standard
deviation.
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reinforced suture configuration. Eight (44.4%) patients
had inside-out repairs for a mid-body tear; 8 (50%) had
all-inside for posterior tears, and 1 (5.5%) had outside
in for an anterior tear. Six (33.3%) of the patients had
concomitant anterior cruciate ligament reconstruction
performed at the same time as meniscal repair
(Table 1). Other concomitant procedures were 1 loose
body removal, 1 lateral collateral ligament reconstruc-
tion, and 1 chondroplasty.
Overall, pain and functional scores improved after 1

year (Table 2). Pain scores improved from 6.1 � 2.1 to
0.4 � 1.4 at 1 year (P < .001). IKDC Subjective Knee
Form scores improved from 63 � 26 to 90 � 13 (P ¼
.021) (Fig 4). Lysholm scores improved from 64 � 28 to
94 � 9 (P ¼ .025) (Fig 4). Based on a calculated MCID
of 1.5, 100% of patients had improvement above the
MCID. In addition, 88% of patients had a 1-year IKDC
Subjective Knee Form score above the PASS.
Preoperative Tegner activity scale improved from a

mean of 3.0 � 1.5 to 8 � 2.6 (P ¼ .007) (Fig 4). Patients
returned to their preinjury activity level with no dif-
ference in the Tegner activity scale when comparing
preinjury and 1-year postoperative (8.1 � 1.3 vs 8.0 �
2.6 respectively, (P ¼ .317) (Fig 5). There was no dif-
ference in outcomes between male and female patients
for pain, IKDC Subjective Knee Form score, Lysholm,
and Tegner at the final follow-up (P ¼ .48, ¼ .41, ¼ .06,
and ¼ .76, respectively). Range of motion was 1.9 � 5.1
to 120.4 � 51.4� preoperatively and 0.0 � 0.0 to 130.4
� 12.3� at final follow-up. There was no significant
difference in preoperative versus final follow-up
extension or flexion (P ¼ .210 and P ¼ .117,
respectively).
A subgroup analysis was performed comparing the

outcomes of patients with concomitant ACL recon-
struction. Patients with rebar repair without ACL
reconstruction had 1-year pain score of 0.67 � 1.78,



Table 2. Short-term outcomes of Radial Meniscus Repair With Rebar Technique and Adjuvant BMAC

Preoperative 3 Months’ Postoperative 6 Months’ Postoperative 12 Months’ Postoperative

P Value*Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI

Pain 6.2 2.1 [5.9 - 6.5] 1.2 1.5 [1 - 1.5] 0.1 0.3 [0 - 0.1] 0.4 1.3 [0.1 - 0.6] <.001
Lysholm 63.9 28 [59.5 - 68.3] 70.6 21.8 [67.1 - 74] 92.6 11.3 [90.8 - 94.4] 93.9 8.6 [92.6 - 95.3] .025
IKDC 62.9 26 [58.7 - 67] 67 22.4 [63.4 - 70.6] 88.3 11.9 [86.4 - 90.2] 90.2 13.2 [88.1 - 92.3] .021

BMAC, bone marrow aspirate concentrate; CI, confidence interval; IKDC, International Knee Documentation Committee Subjective Knee Form
score; SD, standard deviation.
*Preoperative vs 12-month postoperative.
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IKDC Subjective Knee Form score of 89 � 15, Lysholm
of 93 �10, and Tegner of 7.6 � 2.9, whereas rebar
repair with ACL reconstruction had a 1-year pain score
of 0 � 0, IKDC Subjective Knee Form score of 91 � 11,
Lysholm of 96 � 6, and Tegner of 9 � 0. There was no
significant difference between the rebar repair 1-year
outcomes with or without ACL reconstruction for the
pain scores, IKDC Subjective Knee Form score,
Lysholm and Tegner scores (P ¼ 1.000, P ¼ .892, P ¼
.892, and P ¼ .317 respectively) (Table 3). The preop-
erative extension was 1.9 � 5.1� and final extension
was 0 � 0. The preoperative flexion was 120.4 � 51.4
and postoperative was 130.4 � 12.3. There was no
difference in preoperative versus postoperative exten-
sion or flexion (P ¼ .21 and P ¼ .12, respectively).
During follow-up, 2 patients were found on palpation
to have symptomatic postoperative effusions and were
treated successfully with aspirations. There were no
reoperations.

Discussion
Our study demonstrates favorable outcomes with the

rebar repair technique for radial meniscus tears,
showing improved IKDC Subjective Knee Form score,
Fig 4. Outcomes after rebar radial
meniscus repair augmented with
bone marrow aspirate concen-
trate. International Knee Docu-
mentation Committee (IKDC)
Subjective Knee Form score and
Lysholm, increased over a 1-year
postoperative period (P ¼ .002
and P < .001, respectively).
(BMAC, bone marrow aspirate
concentrate.)
Lysholm, and Tegner activity scale outcomes from
preoperative scores. Our study supports the idea that
treating the meniscus with an appropriate technique for
radial meniscus tears aids in meniscal healing which
could have implications in preventing future knee
degeneration. Patients were able to return to their
preinjury level of activity with decreased pain by the 1-
year follow-up appointment.
It has been demonstrated that patients with meniscal

repairs, when compared with partial meniscectomy,
have better outcomes in terms of functionality,
Lysholm scores, KOOS scores, radiographic degenera-
tion, and activity levels.25-28 In a systematic review,
Salata et al. and Paxton et al. also reported better
Lysholm scores in those patients that were treated with
repair rather than meniscectomy.29,30 Paxton et al.30

found that 100% of patients undergoing meniscal
repair had excellent Lysholm scores versus only 54.2%
who underwent partial meniscectomy. Salata et al.29

performed a systematic review, which reported that
lateral meniscectomy was associated with the poorest
post-operative outcomes when considering knee func-
tion, activity level, repeat surgeries, and instability
when compared to medial meniscectomy. Meniscal



Fig 5. Tegner activity level after
rebar radial meniscus repair
augmented with bone marrow
aspirate concentrate. Preinjury
Tegner, before surgery and 1 year
after surgery. Tegner scores
improved significantly before and
1 year after surgery (P ¼ .007).
There was no significant differ-
ence in preinjury and 1-year
postsurgery Tegner scores (P ¼
.317).
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absence, particularly the lateral meniscus, is known to
significantly increase contact stresses across the joint;
this leads to increased probability of osteoarthritis and
poor outcomes associated with meniscectomy.4,29,31,32

Furthermore, a systematic review demonstrated supe-
rior radiographic and long-term subjective outcomes
with complete meniscal repair.30 Although it has
become accepted that meniscal preservation improves
clinical outcomes, meniscal repair can be technically
challenging. This can be especially true with repairs of
radial meniscus tears, which subject the suture repair to
significant stress leading to a continued search of the
optimal repair technique for returning patients to their
pre-injury level of performance.
Haklar et al.33 performed a study examining clinical

results of patients undergoing radial meniscus tear re-
pairs with 2 horizontal sutures using an inside-out
repair. Five patients were followed postoperatively for
an average of 31 months with clinical and magnetic
resonance imaging (MRI) assessments taken. The re-
sults of the study revealed that all 5 patients were able
to return to their preinjury level of activity and that the
menisci were fully healed at the repair sites, as assessed
Table 3. Rebar Repair Patient-Reported Outcomes 1-Year
Postoperatively With or Without ACLR

Meniscus Repair
With ACLR

Meniscus Repair
Without ACLR P Value

Pain 0.0 � 0.0 0.5 � 1.8 1.000
IKDC 91.2 � 11.2 89.6 � 14.8 .892
Lysholm 95.8 � 6.1 82.8 � 9.9 .892
Tegner 9.0 � 0.0 8.0 � 3.0 .317

ACLR, anterior cruciate ligament reconstruction; IKDC, Interna-
tional Knee Documentation Committee Subjective Knee Form score.
with MRI. The mean Lysholm scores in that study were
all improved from preoperative period to final post-
operative follow-up (from 61.8 to 94.2; P ¼ .029).33

Previous studies have evaluated the biomechanics
and healing of this rebar repair mechanism and those
similar to it.17,34-38 Nakata et al.35 and Tsujii et al.36

studied a reinforced repair similar to the rebar repair
technique. Nakata et al.35 showed improved symptoms
and decreased complaints of tibiofemoral joint symp-
toms at the 18-month follow-up with a success rate of
89%.35 This study used a fibrin clot similar to
augmentation of BMAC. Although their study had a
larger sample size and longer follow-up, they also
included both radial and flap tears representing a more
heterogenous group of tears. Also, 66% of patients
showed complete healing on postoperative arthroscopic
evaluation, and 28% had partial meniscal healing.
Tsujii et al.36 performed second look arthroscopy on 18
consecutive patients with a similar technique finding
61% achieved full or partial healing, with more satis-
factory results in patient whose tears extended into the
vascular zone of the meniscus.35

Feltz et al.37 described a very similar repair technique
with suture tapes for radial meniscus tears. This group
employed use of suture tape in addition to the rebar
technique, which aimed to decrease cutout of sutures
during repair. The authors emphasized the need to
consider meniscal collagen fiber orientation, illustrating
that vertical sutures placed perpendicular to the
collagen fibers seemed to reduce suture pull out.37

A study that used a novel technique referred to as the
H-plasty for lateral meniscus posterior root tears used a
similar backup suture repair method as in the rebar
technique.37 This technique only uses one horizontal
stich as compared with the rebar technique, which uses
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2 stitches. The study reported an average increase in
both the Lysholm score and the IKDC Subjective Knee
Form score in patients from the preoperative period to
the final postoperative appointment, with a minimum
follow-up of 18 months. Respectively the Lysholm
score increased from an average of 65.2 � 4.5 to 93.3 �
1.0 (P < .001) and the IKDC Subjective Knee Form
score increased from 57.3 � 9.9 to 83.2 � 6.4 (P ¼
.004). In total, 38 of the 47 patients underwent a sec-
ond look arthroscopy at a minimum of 14 months
postoperative showing complete healing of all meniscal
root tears with satisfactory tension. The authors
concluded that this backup suture repair technique
showed improved clinical outcomes and a high rate of
healing demonstrated on MRI.39

Using the rebar technique, all patients returned to
their preinjury level of activity but were unable to
obtain imaging to confirm complete healing in our
patients due to the retrospective nature of this study.
However, use of MRI for evaluation of meniscal tears
has been reported only as sensitive as 92% for medial
meniscal tears and 80% for lateral tears such that
reimaging for healing is not well established.32 We also
did not perform routine second-look arthroscopy at any
interval during the study.
Radial meniscus tear repairs are challenging from a

biomechanical viewpoint, but they also may be difficult
to heal due to biologic reasons.12,40 Some surgeons
have reported on various adjuvant treatments to
augment repair of the avascular zone of the meniscus,
such as fibrin clots or bleeding that occurs from ACL
tunnels.12,13,40 These studies have demonstrated suc-
cessful healing of these avascular areas both clinically
and through imaging. All the patients in our study
received adjuvant BMAC injected at the location of the
tear, which may have also contributed to the successful
outcomes.
ACL reconstructions have been associated with

improved meniscal healing rates when performed in
the same setting as meniscal repair.39 Our study
included 6 of 17 patients who underwent ACL recon-
struction in the same setting of rebar meniscal repair.
Although it is felt that the release of growth factors in
the synovial fluid are increased with ACL re-
constructions,40 we did use BMAC for each patient,
which is standard in our institution for meniscal repairs,
to improve local biology for optimum healing. After
subgroup analysis, we found no difference in outcomes
with and without ACL reconstruction. Although this
comparison is likely underpowered, similar outcomes
with or without ACL reconstruction may be due to the
use of BMAC in all patients in our study. Milliron
et al.41 performed a meta-analysis looking at healing
rate and patient reported outcomes of repair of radial
meniscus tears. Multiple repair techniques were used, 7
of the studies assessed healing using second-look
arthroscopy and found complete healing in 60-100%,
and no healing evident in on 0- 13%.41 Patient-
reported measures were also assessed in study from
Milliron et al.,41 showing very promising result for pa-
tient reported outcomes for radial repair, including vi-
sual analog scale, IKDC Subjective Knee Form score,
and Tegner activity scale scores.

Limitations
Limitations of our study include the study size, lack of

comparison group and length of follow-up. Our study
used a minimum follow-up of 12 months, which is
under the length of time for meniscal repair failure to
become evident. Also, due to our study being a retro-
spective case series, we had no comparison group.
Other limitations include lack of independent assess-
ment and lack of assessment of healing.

Conclusions
The rebar repair technique for radial meniscus tears,

with BMAC augmentation, showed improved out-
comes in both pain and function at minimum follow-up
of 12 months. Patients were able to return to a high
preinjury activity level by 1 year and 100% of patients
had improvement above the MCID and 88% met PASS.
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