Original Article Clinics in Orthopedic Surgery 2024;16:897-905 e https://doi.org/10.4055/cios23213 Ghegk for

updates

Augmentation with Bone Marrow Aspirate
Harvested from the Iliac Crest for Horizontal or
Radial Meniscal Tears Yields Favorable Healing

Rates in Magnetic Resonance Imaging and

Clinical Outcomes

Byung Sun Choi, MD*, Juneseok Won, MD*, Hyuk-Soo Han, MD*"

*Department of Orthopedic Surgery, Seoul National University Hospital, Seoul,
'Department of Orthopedic Surgery, Seoul National University College of Medicine, Seoul, Korea

Background: As the importance of meniscus in joint function becomes more apparent, there is a growing interest in meniscus re-
pair techniques. Notably, biological augmentation methods have shown promising results for meniscus healing, despite their chal-
lenges in practical implementation. The purpose of this study was to evaluate meniscus healing and clinical outcomes of meniscus
repair with bone marrow aspirate for horizontal or radial tears.

Methods: This study retrospectively reviewed patients who underwent arthroscopic meniscal repair with bone marrow aspirate
from the iliac crest. A total of 30 patients with horizontal or radial meniscus tears confirmed by magnetic resonance imaging (MRI)
were included, excluding those with insufficient data or concurrent surgeries. Patient demographic characteristics, operative data,
and clinical outcomes including pain numeric rating scale, International Knee Documentation Committee score, Lysholm score, and
Tegner activity scale were evaluated. For radiographic evaluation, knee x-rays, preoperative MRIs, and postoperative 3-month MRls
were evaluated.

Results: Thirty patients (15 women and 15 men) with a mean age of 46.8 + 15.2 years were followed up for a mean of 25.1 +
3.4 months. Of these patients, 22 (73%) had horizontal meniscal tears, while 8 (27%) had radial tears. Clinical outcomes were
significantly improved over the time from the initial to 2 years after surgery. Meniscus healing was 60% on MRI at 3 months after
surgery. There was no correlation between changes in clinical scores and healing rate. Furthermore, there was no statistically sig-
nificant difference in the healing rate or changes in clinical scores according to tear patterns. Retears were observed in 2 patients,
who were non-compliant with rehabilitation and were managed conservatively.

Conclusions: Augmentation with bone marrow aspirate harvested from the iliac crest for meniscal repair of horizontal or radial
tears yields favorable healing rates in MRI and clinical outcomes, highlighting its potential for addressing challenging meniscal
repair.
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As the role of the meniscus in joint lubrication, stability,
and chondroprotection becomes increasingly recognized,
interest in meniscus repair continues to grow."” Indica-
tions for meniscal repair are determined by factors such
as tear pattern, location, vascularity, and concomitant
injuries. In particular, the tear pattern plays a crucial role.
Although short-term clinical outcomes for longitudinal
tears tend to be favorable, especially for peripheral tears
with good vascularity, outcomes for horizontal or radial
tears have been inferior.” To preserve the function of the
meniscus, indications for meniscal repair are broadening.
In particular, for horizontal or radial tears that involve the
avascular zone of the meniscus, biological augmentation
is necessary and implemented to enhance the capacity of
healing. Contemporary approaches to meniscal healing
include synovial trephination,” fibrin clot,”® platelet-rich
plasma (PRP),”"” and bone marrow stimulating proce-
dures.”*"'?

Recently, several attempts have been made to pro-
mote healing by intra-articular release of growth factors
and mesenchymal stem cells from the bone marrow of
the intercondylar notch."*"*'” Despite the limitations of
biological agents in bone marrow venting procedures as-
sisting meniscus healing, promising results have been
reported in both clinical usefulness and in vivo application
through the application of bone marrow aspirate concen-
trate (BMAC).""” However, the practical implementation
of BMAC presents certain challenges due to the require-
ment of additional equipment and financial resources. To
date, no studies have demonstrated the use of simple bone
marrow aspirate, an alternative that can eliminate the need
for extra equipment and cost in the context of meniscus
healing.

The purpose of this study was to evaluate clinical
outcomes and meniscus healing after arthroscopic repair

157 Meniscus surgery from June 2018 to December 2020

for horizontal/radial meniscus tears with bone marrow
aspirates from the ilium. The hypothesis of this study was
that even simple bone marrow aspirate could positively
influence meniscus healing and clinical outcomes.

METHODS

This study was approved by the Institutional Review Board
of Seoul National University College of Medicine/Seoul
National University Hospital (IRB No. H-2305-110-1432).
All investigations were conducted in conformity with ethi-
cal principles of research. As this study is a retrospective
study, informed consent was exempted by the board.

Participants

Data of patients who underwent arthroscopic meniscal
repair with bone marrow aspirate from the iliac crest be-
tween June 2018 and December 2020 were retrospectively
reviewed. During the same period, 157 patients underwent
meniscus surgery. Excluding 50 patients who received par-
tial meniscectomy and 34 patients who had concomitant
surgeries, a total of 73 patients received meniscus repair. A
total of 30 patients were finally assessed, excluding those
who underwent meniscus repair without augmentation
with bone marrow aspirate and those without available
magnetic resonance imaging (MRI) data (Fig. 1). All pa-
tients exhibited mechanical symptoms, including giving
way or buckling. They also demonstrated positive results
in the McMurray test and joint line tenderness. Patients
with horizontal tears were initially treated conservatively
using weight control, activity modification, and daily
administration of prescribed anti-inflammatory or anal-
gesic medication. Surgical intervention was considered if
conservative treatments were unsuccessful or if patients
exhibited mechanical symptoms. In contrast, immedi-

84 Excluded

Y

50 Partial meniscectomy
34 Concomitant surgery
20 Anterior cruciate ligament reconstruction
14 High tibial osteotomy

Y
73 Assessed for enroliment of patients

Meniscus repair

Minimum 2-year follow-up after meniscus surgery

43 Excluded

A4

38 Without bone marrow aspirate from ilium
5 Deficient magnetic resonance imaging data

A 4

30 Finally assessed
Meniscus repair augmented with bone marrow aspirate

Fig. 1. Flow diagram showing the selec-
tion of study participants.
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ate surgical intervention was performed for patients with
complete radial tears. The choice between partial menis-
cectomy and meniscus repair was primarily guided by the
etiology of the tear and the associated Kellgren-Lawrence
(K-L) grade. Specifically, repair was more frequently con-
ducted when the tear was traumatic, and the K-L grade
was between 0 to 2.

Surgical Techniques

All surgical procedures were performed by a single expe-
rienced surgeon (HSH). A routine arthroscopic examina-
tion was performed to assess meniscus tears, cartilage, and
ligament injuries. Unstable meniscal fragments were re-
moved using basket forceps or a motorized shaver. Trephi-
nation was performed at the meniscocapsular junction to
enhance vascular supply to the meniscus tear location.

For meniscus repair, the inside-out technique was
used for tears located in the middle, while the all-inside
technique using a FAST-Fix device (Smith and Nephew)
was employed for tears extending from the body to the
posterior horn. Meniscus repair techniques were applied
differently depending on the patterns of the meniscus tear.
For horizontal meniscus tears, both leaflets were preserved
by using circumferential compression stitches. In the case
of radial meniscus tears, tension was generated at the pe-
riphery of the meniscus, and horizontal mattress sutures
were applied at the radial tear site. To augment meniscal
healing, bone marrow aspirate was harvested from the an-
terior iliac crest. A 1-cm stab incision was created on the

ipsilateral anterior iliac crest, and a Jamshidi needle was
advanced from the midpoint of the crest. Subsequently,

5-10 mL of bone marrow was extracted. A saline pump
was stopped and suction was applied. Air was then inject-
ed into the knee joint to create a dry arthroscopic environ-
ment. Under arthroscopic visualization, the bone marrow
aspirate was then inserted into the repair site (Fig. 2).

Postoperative rehabilitation protocol was individu-
alized according to the pattern of meniscal tear. For hori-
zontal tears, knee flexion was limited to avoid shear force,
while permitting partial weight-bearing to ensure only
compressive forces were applied. In the case of radial tears,
non-weight-bearing was implemented for 4 weeks to pre-
vent distraction forces due to weight-bearing. If the tear
location was in the mid or posterior horn, flexion was also
restricted to less than 90° for 4 weeks. In all cases, range
of motion exercises were conducted without restrictions 1
month after surgery. Bicycle use was permitted from the
sixth postoperative week. Light jogging was allowed after 3
months.

Data Collection
Patients’ demographic characteristics and operative data
were retrospectively collected from electronic health
records and the institutional database. Patient-reported
outcomes, such as pain numeric rating scale (NRS), Inter-
national Knee Documentation Committee (IKDC) subjec-
tive knee form,'” Lysholm score, and Tegner activity scale,
were collected preoperatively and at 3 months, 1 year, and
2 years postoperatively.

For preoperative radiographic evaluation, knee
radiographs and weight-bearing teleradiogram were ob-
tained to evaluate hip-knee-ankle angle (HKAA), mechan-

Fig. 2. A 49-year-old female patient who
underwent meniscus repair surgery due
to a right medial meniscus horizontal tear
(A-C) and a 54-year-old male patient who
underwent meniscus repair due to a right
lateral meniscus posterior radial tear (D-
F). (A) Arthroscopic findings revealing a
concurrent medial meniscus horizontal
tear. (D) Arthroscopic findings for lateral
meniscus radial tear. (B, E) Meniscus
repair utilizing the all-inside technique.
(C, F) Insertion of bone marrow aspirate
obtained from the iliac crest at the repair
site.
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ical lateral distal femoral angle (mLDFA), medial proximal
tibia angle (MPTA), joint line convergence angle (JLCA),
joint line orientation angel, and K-L grade. Radiographic
variables such as HKAA, mLDFA, MPTA, JLCA, and K-L
grade were measured using an automated program devel-
oped with a deep learning model.””

Pre- and postoperative 3-month MRIs were evalu-
ated using a classification system for meniscal tears de-
scribed by Ogawa et al."” Grade 0 was defined as a normal
meniscus. Grade 1 was defined as central globular intra-
meniscal alteration. Grade 2 was defined as horizontal, tri-
angular, or band-like signal intensity within the meniscus.
Grade 3 was defined as a linear alteration continuous with
the meniscus surface. In this study, healing was classified
as grades 0 to 2 and non-healing was designated as grade
3. Two independent observers (BSC and JW) measured
the MRI healing grades. Interobserver and intraobserver
reliability was assessed, and a second set of measurements
was obtained 1 month after the first measurement.

Statistical Analysis

Parametric data were analyzed using an independent ¢-test
or Mann-Whitney U-test according to normal distribu-
tion. Categorical data were analyzed using the Fisher exact
test or chi-square test to compare meniscal healing with
previously reported data. A repeated measures analysis of
variance was employed to compare clinical scores at differ-
ent time points. Additionally, to determine the relationship
between clinical scores and healing, statistical differences
in changes in clinical scores between healing and non-
healing groups were examined. A post-hoc power analysis
was performed to calculate the power of the present study
(1-p probability). To evaluate the intra- and interobserver
reliability, the intraclass correlation coefficients (ICCs)
were calculated, accompanied by a 95% CI and the stan-
dard error of the measurement. Statistical significance was
set at 0.05. IBM SPSS version 25.0 (IBM Corp.) was used
for all statistical analyses.

RESULTS

Thirty patients (15 women and 15 men) with a mean
age of 46.8 + 15.2 years (range, 21-72 years) underwent
meniscal repair with bone marrow aspirate. They were
followed for a mean of 25.1 + 3.4 months (range, 24-41
months) after surgery. Demographic, operative, and ra-
diographic data were collected preoperatively (Table 1). Of
these patients, 22 (73%) had horizontal meniscal tears and
8 (27%) had radial tears. Among those with horizontal
meniscal tears, the all-inside technique was utilized in 17

patients (77%). For patients with radial tears, the all-inside
method was applied in 5 patients (63%). There was no sta-
tistically significant difference between the 2 tear patterns
(p = 0.461). The remaining patients were treated using the
inside-out technique.

Clinical outcomes, including pain NRS, IKDC sub-

Table 1. Preoperative Demographic Characteristics, Lesion Features,

and Radiographic Data
Variable Value
Number of patients 30

Demographic data

Age (yr) 46.8+15.2(21t072)
Female sex 15 (50)
Involved side of knee (right) 21 (70)

Body mass index (kg/m’) 245+2.8(18.6 t0 30.3)

Follow-up period (mo) 25.1+3.4(24t041)

Side of tear
Medial meniscus 19(63)
Lateral meniscus 11(37)
Pattern of tear
Horizontal tear 22 (73)
Radial tear 8(27)
Technique of repair
All-inside repair 22 (73)
Inside-out repair 8(27)

Preoperative radiographic data

HKAA (°) 178.5+3.0(173.9 to 184.8)
mLDFA (°) 86.7 £3.1(81.7 t0 95.8)
MPTA (°) 86.9+2.4(81.6t0 93.4)
JLCA 1.6+19(-4.1104.6)
JLOA(°) 25+28(-5.0t06.8)
K-L grade

0 18 (60)

1 5(17)

2 7(23)

Values are presented as mean + standard deviation (range) or number (%).
HKAA: hip-knee-ankle angle, mLDFA: mechanical lateral distal femur
angle, MPTA: medial proximal tibia angle, JLCA: joint line convergence
angle, JLOA: joint line orientation angle, K-L: Kellgren-Lawrence.
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Table 2. Demographic and Clinical Data in Patients with Medial Meniscus Posterior Root Tears

Variable Preoperative Postoperative 3 mo Postoperative 1yr Postoperative 2 yr p-value*
Pain NRS 48+13 29+15 14210 1.2+15 <0.001"
IKDC subjective score 42.0+£108 48.7 £10.6 63.2+£12.0 745+13.1 <0.001"
Lysholm score 64.1+12.1 740+ 111 85.5+8.3 849+19.0 <0.001"
Tegner activity scale 28+12 25+1.0 25+08 3217 <0.001"

Values are presented as mean + standard deviation.
NRS: numeric rating scale, IKDC: International Knee Documentation Committee.
*A repeated measured analysis of variance to compare clinical scores at 4 time points. 'Statistically significant.

Fig. 3. A 49-year-old female patient who underwent meniscus repair surgery due to a right medial meniscus horizontal tear. (A) Preoperative magnetic
resonance imaging (MRI) showing the presence of a meniscus horizontal tear. (B) Three-month postoperative MRI confirming grade 1 healing. A 54-year-
old male patient who underwent meniscus repair due to a right lateral meniscus posterior radial tear. (C) Preoperative MRI showing the presence of a

radial tear. (D) Three-month postoperative MRI confirming grade Il healing.
Table 3. Comparison of Healing Rate and Changes of Clinical
Scores According to Tear Pattern

jective score, and Tegner activity scale, all demonstrated
statistically significant improvements (Table 2). Preop-
eratively, all patients had a meniscal tear classification of

grade 3. At 3 months after surgery, MRI revealed healing Variable Hoii:gpm Rtiiifl -
in 18 patients (60%) (3 patients with grade 1, Fig. 3A and (n=22) (n=8) value
B; and 15 patients with grade 2, Fig. 3C and D) and non- Meniscus healing 121(55) GU5 0312
healing in 12 patients (40%). Post-hoc power analysis was '
calculated to be 75.6% using 2 independent proportions ~ Mean change of pain NRS -38+18 -35:21 0.800

(the proportion of healing in the present study and histori-
cal study were 60% and 29.6%, respectively). Measure-
ments of MRI healing grade were reproducible, with intra-
and interobserver ICCs of > 0.80. Changes in clinical
scores and the healing rate showed no correlations. Fur-
thermore, there was no statistically significant difference
in the healing rate or the change in clinical score according
to tear pattern (Table 3).

In 2 patients (a 45-year-old man with a medial
meniscus radial tear and a 22-year-old man with a lateral
meniscus horizontal tear), retear findings were observed
in postoperative 3 months MRI. In these patients, com-
pliance with the rehabilitation protocol was insufficient.
Despite experiencing mild knee joint pain, conservative
treatment with medications was applied to these patients.

Mean change of IKDC subjective score  21.7 +16.6 27.9+17.5 0.522
18.7+144 13.0+257 0.564
0+£16 03+13 0781

Mean change of Lysholm score

Mean change of Tegner

Values are presented as number (%) or mean + standard deviation.
NRS: numeric rating scale, IKDC: International Knee Documentation
Committee.

No other adverse effects were observed.

DISCUSSION

The most significant findings in this study are as follows:
(1) when bone marrow aspirate obtained from the iliac
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crest was used for repair of horizontal or radial menis-
cal tears, a favorable healing rate of 60% was observed on
MRIs performed at 3 months after surgery, and (2) clini-
cal scores after surgery showed significant improvements
compared to preoperative values.

While augmentation methods for meniscal repair,
such as synovial trephination,” fibrin clot,”” PRP,”'* and
bone marrow venting procedure,” ' have been studied,
no studies to date have reported direct injection of bone
marrow aspirate into the repair site. Previous studies
have revealed the contribution of bone marrow elements
to repair healing, showing higher healing rates and bet-
ter clinical outcomes when meniscal repair is performed
simultaneously with anterior cruciate ligament (ACL)
reconstruction.*"*'® Ahn et al.'” have reported a healing
rate of 73% for horizontal meniscal tear repairs augmented
with marrow stimulation technique using a 5-mm reamer
in the intercondylar notch of the femur. The usage of a
5-mm reamer could be considered an invasive procedure
with an isolated meniscus tear. Dean et al."” have found
comparable failure rates for meniscal repair between a
bone marrow venting procedure and concomitant ACL
reconstruction. Previous studies on biological augmenta-
tion were less for more challenging horizontal or radial
tears, with fewer instances of postoperative MRI evalua-
tions to assess healing rates. Regarding comparison with
prior studies (Table 4) OO the current study dem-
onstrated a statistically significantly higher healing rate
than that of the study of Ogawa et al.,” which specifically
investigated horizontal tears with an MRI follow-up (60%
vs. 30%, p = 0.022).

The quantity of bone marrow elements that can be
obtained through a bone marrow venting procedure was
limited. In addition, information regarding these elements
remained unclear. Bone marrow elements contain cells in-
cluding platelets, progenitor cells, and mesenchymal stem
cells. Bone marrow elements also contain enriched growth
factors (such as platelet-derived growth factor, vascular
endothelial growth factor, transforming growth factor, and
bone morphogenic protein-2) and cytokines.”” These cells
and growth factors can influence cell behavior and pro-
mote mesenchymal stromal cell differentiation to facilitate
meniscal healing.”” In our study, bone marrow aspirate
was not obtained from the intercondylar notch but rather
from the iliac crest. It gave a better yield of bone marrow
mesenchymal stem cells. The number of stem cells present
in bone marrow aspirates and their clonogenic capacity
were higher from the iliac crest than those from the proxi-
mal tibia or distal femur.”*” The aspirate from the iliac
crest, rich in progenitor cells and possessing higher effica-

cy, is assumed to yield superior healing when it is directly
injected into the repair site. Additionally, in the present
study, BMAC known to require additional equipment and
extra cost was not used. This highlights the advantage of
using bone marrow aspirate as it can be easily applied to
the repair site.

In the present study, all measured clinical scores
were improved and maintained for 2 years after surgery.
Maheshwer et al.”* have shown that the minimal clinically
important difference (MCID) and the patient-acceptable
symptomatic state (PASS) for meniscus repair of IKDC
scores are 10.9 and 69.0, respectively. Current results re-
vealed an increase of 32.5 in the IKDC subjective score
from baseline, reaching 74.5 at 2 years after surgery, sur-
passing both MCID and PASS thresholds. However, the
degree of MRI healing showed no correlation with clinical
scores, supporting the study of Miao et al.” showing that
there might be a lack of correlation between radiological
results and clinical scores. Nonetheless, further long-term
follow-up studies are necessary to determine whether
meniscal healing could impact osteoarthritis (OA) pro-
gression and long-term clinical outcomes.

Although previous studies have shown that fac-
tors such as meniscus tear location,” age,zs) body mass
index,” and limb alignment™ might influence meniscal
healing, the current study did not find a correlation with
these variables. As the purpose of the current study was
not to identify factors influencing the healing rate, further
evaluation with a larger number of patients and long-term
outcomes is needed.

The present study has certain limitations. First, the
retrospective nature of this study was a limitation as it
inhibited comprehensive evaluation of control groups. In
the surgical database, there were few cases of simple repair
without biological augmentation in patients known to have
difficult-to-repair horizontal or radial tears. Additionally,
the use of fibrin clots, PRP, or bone marrow venting was
infrequent. However, a significant strength of this study is
that it was the first study to use bone marrow aspirates for
meniscus repair augmentation. Secondly, due to the evalu-
ation of MRI scans at only 3 months after surgery, the
complete status of meniscal healing might not have been
accurately detected. Third, the results of this study might
not be applicable to the general population for analysis of
OA progression due to the limited number of patients and
a short follow-up period. Fourth, there could be a selec-
tion bias, as only patients with repairable conditions might
have been included. Fifth, the inclusion of both horizontal
and radial tears might have acted as a confounding factor.
Therefore, further studies are needed to compare based on
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tear patterns or repair methods in a larger patient popula-
tion. Nevertheless, the significance of this study lies in the
demonstration of a promising healing rate when using
bone marrow aspiration as an augmentation in tear pat-
terns traditionally considered difficult to repair.

In conclusion, the use of bone marrow aspirate har-
vested from the iliac crest can yield favorable healing rates
and clinical outcomes for horizontal or radial tears. Our
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