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Impact of Biologic Augmentation on Revision
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Background: Platelet-rich plasma (PRP) and bone marrow aspirate concentrate (BMAC) have gained popularity in recent years as
biologic approaches to potentially augment healing after meniscus repair. There have been few studies comparing outcomes in
patients undergoing meniscus repair with versus without biologic augmentation and, furthermore, little clarity on the role of biologic
augmentation for meniscus repairs performed with concomitant anterior cruciate ligament reconstruction (ACLR).

Purpose: To determine the association of BMAC or PRP augmentation with revision surgery after both isolated meniscus repair
and meniscus repair performed concomitantly with ACLR.

Study Design: Cohort study; Level of evidence, 3.

Methods: The PearlDiver Mariner dataset was queried to identify all patients who underwent primary meniscus repair, both with
and without concomitant ACLR, and who received ipsilateral BMAC or PRP at the time of surgery. Patients who underwent similar
surgery but without BMAC or PRP augmentation were then identified and matched in a 5:1 ratio according to age, sex, body mass
index, and various comorbidities to 3 separate BMAC/PRP augmentation groups: overall cohort (with and without ACLR), repair
with concomitant ACLR, and isolated repair. The primary outcome was revision meniscus surgery (meniscectomy or revision
meniscus repair).

Results: Overall, 3420 patients (570 with BMAC/PRP augmentation; 2850 matched controls without augmentation) were included.
There were no significant differences in the reported demographics or comorbidities between any of the BMAC/PRP groups and
their respective matched controls (P > .05 for all comparisons). There was no difference in revision rate between BMAC/PRP-
augmented isolated meniscus repairs and matched controls (P ¼ .235). Patients who underwent BMAC/PRP-augmented
meniscus repair with concomitant ACLR experienced a significantly lower incidence of revision surgery compared with
matched controls without BMAC/PRP augmentation (5.2% vs 7.9% respectively; odds ratio, 0.41; 95% CI, 0.27-0.63; P < .001),
but the number of revisions was relatively small.

Conclusion: There was no association between BMAC or PRP augmentation and the incidence of revision surgery after isolated
primary meniscus repair. There was a statistically significant decrease in the rate of revision meniscus surgery when BMAC or PRP
was used to augment meniscus repairs in the setting of concurrent ACLR; however, the overall revision rates were small.

Keywords: meniscus repair; meniscal tear; platelet-rich plasma; PRP; bone marrow aspirate concentrate; BMAC; knee arthros-
copy; concomitant ACL reconstruction

Meniscus injuries are among the most common reasons for
orthopaedic intervention, with an estimated 1 million knee
arthroscopies being performed in the United States each
year to address meniscus pathology.10 The menisci are
essential to preserving normal joint surface contact forces,
and disruption to these structures via injury or surgical
resection results in decreased shock absorptive capabilities
within the knee, joint instability, mechanical symptoms, and

predisposition to the early development of degenerative
arthritis.2,6,18,24,33,40 As the understanding of the sequelae
of meniscus deficiency has grown, it has become increasingly
clear that the menisci should be preserved when possible,
and surgeons are more frequently electing to perform
repairs of meniscal tears rather than meniscectomies when
feasible.1 However, meniscus repairs are not uniformly suc-
cessful, with a recent study reporting failure rates as high
20% to 24% after meniscus repair in adults at intermediate
follow-up.36 In recent years, a great deal of effort has been
made to identify potential risk factors for failure of meniscus
repair7,28 and to improve clinical outcomes.
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It is well established that meniscus repair performed
concomitantly with anterior cruciate ligament (ACL)
reconstruction (ACLR) has a lower risk of failure than
isolated meniscus repair.15,28 The prevailing thought
behind this observation has been that bony bleeding that
follows ACL tunnel drilling provides vital nutrients and
growth factors into the joint space that augments the bio-
logic milieu and healing environment for the repaired
meniscus. Furthermore, intraoperative techniques such
as incorporating autologous fibrin blood clots and bone
marrow venting have been shown to benefit the healing
of meniscus repairs, also presumably by supplementing
the concentration of intra-articular growth factors.§ From
this premise, researchers have pondered whether provid-
ing other means of nonsurgical biologic augmentation
alongside meniscus repair could provide similar results.

Platelet-rich plasma (PRP) is a product obtained from
autologous blood that contains increased concentrations of
platelets, cytokines, and growth factors. Bone marrow aspi-
rate concentrate (BMAC) is obtained from aspirating autol-
ogous bone marrow, followed by centrifugation, yielding a
product rich in mesenchymal stem cells, hematopoietic
stem cells, growth factors, white blood cells, and platelets,
serving to promote recovery in injured tissues.14,29,30,34,42,44

PRP has been shown to positively affect fibrochondrocyte
migration and extracellular matrix production, as well as
enhance the activity and regeneration of meniscus cells in
vitro.4,5,25,26,35 Given the potential PRP and BMAC have
demonstrated for healing, as well as the importance of
meniscus repairs in preventing further joint degeneration,
researchers have recently begun investigating whether
augmenting meniscus repairs with BMAC or PRP intrao-
peratively and/or postoperatively can improve healing
rates and clinical outcomes. However, shortcomings of past
studies have included small sample sizes, lack of differen-
tiation between meniscal tear type and/or repair technique,
and vast differences in BMAC/PRP prepara-
tion.12,17,29,32,37,39,42 As such, the role for these forms of
biologic augmentation within meniscus repairs remains
unclear in the literature.

There is currently a paucity of studies comparing out-
comes between patients undergoing meniscus repairs with
versus without BMAC or PRP augmentation, and thus
definitive conclusions have been difficult to reach regarding
the efficacy of these techniques.3,16,19,20,23,34,43,44

Furthermore, there is even less clarity on the role of BMAC
or PRP augmentation of meniscus repairs with concomitant
ACLR, with a recent investigation by Everhart et al16 sug-
gesting that PRP augmentation in the context of concomi-
tant ACLR offers no additional reduction in risk of
meniscus repair failure.

The primary purpose of the present study was to fur-
ther investigate the effect of BMAC or PRP augmentation
after meniscus repairs, with or without concomitant
ACLR, using a large patient cohort. More specifically,
we sought to (1) investigate general demographics for
patients receiving BMAC or PRP augmentation with
meniscus repair in the United States, (2) determine the
association of BMAC or PRP augmentation with revision
surgery after isolated meniscus repair, and (3) investigate
the association of BMAC or PRP augmentation with revi-
sion surgery after meniscus repair performed concomi-
tantly with ACLR.

METHODS

PearlDiver Database

This study was determined to be exempt from institutional
review board approval. A retrospective case-control study
was performed using a national database of deidentified
patient information (PearlDiver Patient Records Database,
www.pearldiverinc.com). The study used the national all-
payer Mariner knee arthroscopy dataset within PearlDi-
ver, which contains all patients who underwent knee
arthroscopy procedures. The Mariner dataset contains
122 million patients, with all information deidentified in
compliance with the US Health Insurance Portability and
Accountability Act. The dataset contains patient records
from many private and government insurers—including
100% of Medicare and Medicaid patients—from all states
and territories within the United States. The database pro-
vides patient demographic characteristics and procedural
records for patients with International Classification of
Diseases, 9th Revision (ICD-9) and International Classifi-
cation of Diseases, 10th Revision (ICD-10) diagnoses and
procedures or Current Procedural Terminology (CPT)
codes. Provided a patient remained under the same insur-
ance for each encounter, individual data were tracked along
all locations of care.
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Study and Control Cohorts

The PearlDiver database was initially queried for all
patients who underwent primary meniscus repair, both
with and without concomitant ACLR, between 2010 and
2019. CPT codes 29882 and 29883 were used to identify
patients who underwent meniscus repair, and patients who
underwent concomitant ipsilateral ACLR at the time of
surgery were identified using CPT code 29888. To identify
patients who received ipsilateral BMAC or PRP at the time
of surgery (study cohort), CPT codes 0232T and 38220 were
used. For all procedures, laterality was confirmed by only
including patients with an associated meniscal tear ICD-10
code with laterality specified. Patients with insufficient
data regarding the laterality of the meniscus repair as
determined by associated ICD-10 code, PRP injection,
and/or ACLR were excluded. For patients who underwent
bilateral procedures, each knee was considered a separate
case. Patients who underwent concomitant posterior cruci-
ate ligament reconstruction, extra-articular ligament
reconstruction or repair, multiligamentous reconstruction,
concomitant cartilage restoration procedures, or open
meniscus repair or had a history of ipsilateral knee infec-
tion were likewise excluded.

Patients who underwent primary meniscus repair
(both isolated and with concomitant ACLR) but without
BMAC/PRP augmentation (control cohort) were then iden-
tified and matched in a 5:1 ratio according to age, sex, body
mass index (BMI; obesity and morbid obesity), and the pres-
ence of various comorbidities (smoking status, alcohol
abuse, diabetes mellitus, hyperlipidemia, hypertension,
thyroid disease, and depression) to the study cohort.

Outcomes

The primary outcome studied was revision meniscus sur-
gery (meniscectomy [CPT codes 29880 and 29881] or revi-
sion meniscus repair). Ipsilateral surgery was confirmed
using associated ICD-10 codes with laterality. Differences
in the rates of revision surgery were then compared
between patients with and without BMAC/PRP augmenta-
tion (all meniscus repairs); in addition, outcomes were com-
pared according to meniscus repair procedure (isolated or
with concomitant ACLR).

Statistical Analysis

The demographic characteristics of the study and control
cohorts were provided by the database or defined by their
respective ICD-9 and ICD-10 codes, and they were subse-
quently matched and compared. Presence of comorbidities
(smoking status, alcohol abuse, diabetes mellitus, hyperlip-
idemia, hypertension, thyroid disease, and depression) was
compared using the chi-square test. Statistical comparisons
of revision meniscus repair between cohorts were com-
pleted using multivariate binomial logistic regression anal-
ysis controlling for the aforementioned covariates. Odds
ratios (ORs) with 95% confidence intervals were calculated
for each comparison, and statistical significance was
achieved when the P value was <.05. The statistical

analysis was performed using BlueSky 7.4.0 software
(BlueSky Statistics) and the embedded statistical software
within PearlDiver, the open-source R program (R Founda-
tion for Statistical Computing; www.r-project.org).

RESULTS

Overall, 570 patients who underwent BMAC/PRP augmen-
tation during primary meniscus repair were identified.
Of those, 397 underwent an isolated meniscus repair, and
173 had a concomitant ACLR at the time of the meniscus
repair. These patients were compared to 2850 matched con-
trols who underwent primary meniscus repair without
BMAC/PRP augmentation (1985 as isolated meniscus
repairs and 865 with concomitant ACLR). Overall, there
were no significant differences in the reported patient char-
acteristics or comorbidities between the BMAC/PRP group
and their respective matched controls (Table 1). Similarly,
there were no significant differences in the subgroups of
patients who underwent isolated meniscus repair with ver-
sus without BMAC/PRP (Table 2) and patients who under-
went meniscus repair plus ACLR with versus without
BMAC/PRP augmentation (Table 3).

The results of multivariate analysis demonstrated no dif-
ference in the overall revision rate between BMAC/PRP-
augmented meniscus repairs and matched controls
who received no augmentation at the time of surgery
(P ¼ .183) (Table 4). There was likewise no difference in
revision rate between the BMAC/PRP-augmented group and
the matched control group for patients who underwent
isolated meniscus repair specifically (P ¼ .235) (Table 4).
Compared to matched controls, patients who underwent
BMAC/PRP augmentation at the time of meniscus repair
with concomitant ACLR did experience a significantly lower
incidence of revision surgery compared with those without
BMAC/PRP augmentation (5.2% vs 7.9%, respectively; OR,
0.41; 95% CI, 0.27-0.63; P < .001), although the overall
number of revisions was relatively small in both groups.

DISCUSSION

The current study adds to the growing body of literature
surrounding the topic of biologic augmentation of meniscus
repairs with BMAC or PRP. While many previous studies
have been unable to demonstrate a clear benefit of biologic
augmentation of meniscus repairs, they have been limited
by relatively small sample sizes. Although this study pro-
vides an analysis of a relatively large cohort of patients
with meniscus repair, there was still no difference in revi-
sion surgery rates for isolated meniscus repairs that were
augmented with BMAC or PRP compared with those with-
out augmentation. There was a slight, statistically signifi-
cant decrease in the rates of revision surgery for
concomitant ACLR and meniscus repair when augmented
with BMAC or PRP, but the number of revisions was rela-
tively small in both groups, making the clinical significance
of this finding questionable.
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BMAC and PRP have gained immense popularity in
recent years as a biologic approach to augment healing
after meniscus repair due to their ability to facilitate fibro-
chondrocyte migration, stimulate meniscus cell regenera-
tion in vitro, and assist in extracellular matrix

production.4,5,25,26,35 However, because of their relative
novelty, the specific indications for their utilization in
meniscus repair have yet to be fully elucidated. There has
been considerable variation in the selection of patients
receiving biologic injections among studies that have

TABLE 2
Subgroup Characteristics for Isolated Meniscus Repaira

Characteristic
Isolated Meniscus Repair

(N ¼ 2382)
Meniscus Repair With
BMAC/PRP (n ¼ 397)

Matched Controls Without
BMAC/PRP (n ¼ 1985) P

Age-group, y .999
<20 552 (23.2) 92 (23.2) 460 (23.2)
20-29 360 (15.1) 60 (15.1) 300 (15.1)
30-39 342 (14.4) 57 (14.4) 285 (14.4)
40-49 384 (16.1) 64 (16.1) 320 (16.1)
�50 744 (31.2) 124 (31.2) 620 (31.2)

Male sex 1284 (53.9) 214 (53.9) 1070 (53.9) .999
BMI group .366

Obese (30-39.9 kg/m2) 132 (5.5) 17 (4.3) 115 (5.8) .230
Morbid obesity (�40 kg/m2) 102 (4.3) 20 (5.0) 82 (4.1) .415

Comorbidities
Smoking status 138 (5.8) 23 (5.8) 115 (5.8) .999
Alcohol abuse 52 (2.2) 6 (1.5) 46 (2.3) .316
Diabetes mellitus 76 (3.2) 15 (3.8) 61 (3.1) .465

Type 1 11 (0.5) 2 (0.5) 9 (0.5) .892
Type 2 65 (2.7) 13 (3.3) 52 (2.6) .465

Hyperlipidemia 289 (12.1) 42 (10.6) 247 (12.4) .299
Hypertension 282 (11.8) 38 (9.6) 244 (12.3) .126
Thyroid disease 79 (3.3) 14 (3.5) 65 (3.3) .798
Depression 221 (9.3) 32 (8.1) 189 (9.5) .360

aData are presented as number (%). BMAC, bone marrow aspirate concentrate; BMI, body mass index; PRP, platelet-rich plasma.

TABLE 1
Group Characteristics for Overall Meniscus Repairsa

Characteristic
All Patients
(N ¼ 3420)

Meniscus Repair With
BMAC/PRP (n ¼ 570)

Matched Controls Without
BMAC/PRP (n ¼ 2850) P

Age-group, y .999
<20 882 (25.8) 147 (25.8) 735 (25.8)
20-29 606 (17.7) 101 (17.7) 505 (17.7)
30-39 540 (15.8) 90 (15.8) 450 (15.8)
40-49 552 (16.1) 92 (16.1) 460 (16.1)
�50 840 (24.6) 140 (24.6) 700 (24.6)

Male sex 1836 (53.7) 306 (53.7) 1530 (53.7) .999
BMI group .957

Obese (30-39.9 kg/m2) 152 (4.4) 24 (4.2) 128 (4.5) .767
Morbid obesity (�40 kg/m2) 155 (4.5) 26 (4.6) 129 (4.5) .971

Comorbidities
Smoking status 198 (5.8) 33 (5.8) 165 (5.8) .999
Alcohol abuse 68 (2.0) 9 (1.6) 59 (2.1) .443
Diabetes mellitus 102 (3.0) 19 (3.3) 83 (2.9) .590

Type 1 16 (0.5) 3 (0.5) 13 (0.5) .823
Type 2 86 (2.5) 16 (2.8) 70 (2.5) .625

Hyperlipidemia 340 (9.9) 53 (9.3) 287 (10.1) .574
Hypertension 327 (9.6) 48 (8.4) 279 (9.8) .310
Thyroid disease 100 (2.9) 16 (2.8) 84 (2.9) .856
Depression 266 (7.8) 41 (7.2) 225 (7.9) .568

aData are presented as number (%). BMAC, bone marrow aspirate concentrate; BMI, body mass index; PRP, platelet-rich plasma.
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investigated the effects on meniscus repair. In the study by
Griffin et al19 investigating the efficacy of PRP augmenta-
tion on isolated meniscus repairs performed by 3 surgeons
within 35 patients, those who received PRP augmentation
were on average younger (mean age, 26 vs 35 years; P ¼
.045) and had a lower BMI (24 vs 28 kg/m2; P ¼ .035) than
those who underwent nonaugmented repair; otherwise,
there were no statistically significant differences in sex,
smoking status, or meniscal tear type distribution (lateral-
ity, location, repair technique) between the groups. The
authors also conceded that it was uncertain as to whether
PRP was used on more difficult tears. Yang et al43 evalu-
ated clinical outcomes in 61 patients who underwent

multiple intra-articular PRP injections after both isolated
meniscus repairs and those with concomitant ACL recon-
struction under a single surgeon and found that there were
no statistically significant differences in patient demo-
graphic factors, smoking status, tear pattern, ACL status,
suture technique, or knee joint alignment between those
who received PRP augmentation and those who did not.
There was, however, a larger mean suture number used
(3.9 vs 2.2; P < .001) in the repair of meniscal tears in the
PRP group than in the non-PRP group, which aligned with
the surgeon’s criteria that patients with larger, more com-
plex, and less vascularized tears were indicated for PRP
injection. Everhart et al16 investigated the effects of PRP

TABLE 3
Subgroup Characteristics for Meniscus Repair With Concomitant ACLRa

Characteristic
Meniscus Repair With ACLR

(N ¼ 1038)
Meniscus Repair With
BMAC/PRP (n ¼ 173)

Matched Controls Without
BMAC/PRP (n ¼ 865) P

Age-group, y .999
<20 330 (31.8) 55 (31.8) 275 (31.8)
20-29 246 (23.7) 41 (23.7) 205 (23.7)
30-39 198 (19.1) 33 (19.1) 165 (19.1)
40-49 168 (16.2) 28 (16.2) 140 (16.2)
�50 96 (9.2) 16 (9.2) 80 (9.2)

Male sex 552 (53.2) 92 (53.2) 460 (53.2) .999
BMI group .335

Obese (30-39.9 kg/m2) 43 (4.1) 7 (4.0) 36 (4.2) .944
Morbid obesity (�40 kg/m2) 21 (2.0) 6 (3.5) 15 (1.7) .139

Comorbidities
Smoking status 60 (5.8) 10 (5.8) 50 (5.8) .999
Alcohol abuse 21 (2.0) 3 (1.7) 18 (2.1) .767
Diabetes mellitus 21 (2.0) 4 (2.3) 17 (2.0) .767

Type 1 5 (0.5) 1 (0.6) 4 (0.5) .841
Type 2 16 (1.5) 3 (1.7) 13 (1.5) .822

Hyperlipidemia 70 (6.7) 11 (6.4) 59 (6.8) .825
Hypertension 64 (6.2) 10 (5.8) 54 (6.2) .817
Thyroid disease 13 (1.3) 2 (1.2) 11 (1.3) .901
Depression 72 (6.9) 9 (5.2) 63 (7.3) .325

aData are presented as number (%). ACLR, anterior cruciate ligament reconstruction; BMAC, bone marrow aspirate concentrate; BMI,
body mass index; PRP, platelet-rich plasma.

TABLE 4
Revision Rates for PRP-Augmented and Nonaugmented Meniscus Repairsa

Revision Type All Patients, No.
Patients Undergoing

Revision, No. Revision Rate, %

Multivariate Analysis

OR (95% CI) P

All meniscus repair 0.85 (0.70-1.02) .183
With BMAC/PRP 570 41 7.2
Control 2850 216 7.6

Isolated meniscus repair 0.87 (0.70-1.09) .235
With BMAC/PRP 397 32 8.1
Control 1985 163 8.2

Meniscus repair with concomitant ACLR 0.41 (0.27-0.63) < .001
With BMAC/PRP 173 9 5.2
Control 865 68 7.9

aBoldface P value indicates statistical significance (P < .05). ACLR, anterior cruciate ligament reconstruction; BMAC, bone marrow
aspirate concentrate; BMI, body mass index; OR, odds ratio; PRP, platelet-rich plasma.
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augmentation on meniscus repairs—in the setting of iso-
lated meniscus repair and concomitant ACLR—within
550 patients under a single surgeon. Patients were selected
for PRP augmentation based on year of surgery, as the
surgeon began incorporating PRP from 2010 to 2015 and
did not use the product before this time. Those authors
found no differences in sex, age, or BMI between those
undergoing augmented versus nonaugmented surgeries;
however, there was a larger proportion of vertically ori-
ented tears in the non-PRP group compared with the PRP
group (96% vs 73%; P < .001) and a larger percentage of
avascular extension (extension beyond the red zone of the
meniscus periphery) in the PRP-augmented group than in
the nonaugmented group (52% vs 39%; P ¼ .007).

In the current study, patients who underwent meniscus
repair with BMAC or PRP augmentation were matched 5:1
to controls who underwent nonaugmented repair, and as
such, there were no significant differences between the
demographic factors and comorbidities among the 2 groups.
Similar to some previous studies, meniscal tear type and
characteristics were not able to be analyzed and directly
compared. With respect to age and sex, those who under-
went meniscus repair with BMAC or PRP augmentation
were well stratified across all age ranges, as 25.8% of
patients were <20 years old, and 24.6% of patients were
>50 years old. When looking at patients who underwent
biologic-augmented meniscus repair with concomitant
ACLR specifically, there was an inverse relationship
between patient age and the proportion of the cohort they
represented, with patients >50 years old making up only
9.2% versus 31.8% of patients being <20 years old. This
trend was not observed in the biologic-augmented isolated
meniscus repair group, and hence it can likely be explained
by a decreased tendency for older patients to undergo
ACLR in general than biologic augmentation at the time
of surgery. There was likewise a roughly equal distribution
among the sexes within the biologic-augmented meniscus
repair group overall, with 53.7% males and 46.3% females.
With regard to BMI and the other comorbidities that were
analyzed, there were no specific trends identified within
the biologic-augmented meniscus repair group.

Recent studies investigating whether biologic augmenta-
tion improves outcomes within isolated meniscus repair
have reached varying conclusions. In their 2019 investiga-
tion, Everhart et al16 reported on isolated meniscus repair
in 151 patients. Researchers found that meniscus repair
failure (as defined by subsequent meniscectomy, no evi-
dence of healing on repeat arthroscopy, revision meniscus
repair, or subsequent total knee arthroplasty) occurred in
20.3% of isolated meniscus repairs, but Kaplan-Meier anal-
ysis of meniscus repair survival with stratification by
PRP augmentation demonstrated that the use of PRP aug-
mentation significantly improved survival of these repairs
(P ¼ .008) over a 3-year follow-up period. Furthermore,
Kaminski et al28 conducted a double-blind, placebo-
controlled study in which 37 patients underwent either
PRP-augmented or nonaugmented repair of a vertical
meniscal tear under a single surgeon and found that after
18 weeks, upon either second-look arthroscopy or magnetic
resonance imaging (MRI), the PRP-augmented repair

group had a significantly higher meniscus healing
rate than the nonaugmented repair group (85% vs 47%;
P ¼ .048). These findings are contrasted by the aforemen-
tioned investigation by Griffin et al,19 who used PRP in the
setting of isolated inside-out meniscus repair for 15 (43%) of
their study participants, whereas 20 (57%) underwent
nonaugmented repair. Researchers found no difference in
reoperation rate between PRP-augmented and nonaug-
mented repairs (27% vs 25%; P ¼ .89), as well as no differ-
ence in functional outcomes as measured by mean
International Knee Documentation Committee score (69
vs 76; P < .288) and Lysholm Knee Scoring Scale (66 vs
89; P¼ .065), after a mean follow-up of 4 years. The present
investigation found there was no significant difference in
the revision rate of isolated meniscus repairs with BMAC or
PRP augmentation (8.1% vs 8.2%; P ¼ .235). These results
were from an analysis of 2382 patients (397 PRP aug-
mented and 1985 nonaugmented) across multiple surgeons
and institutions, representing the largest and most diverse
study of its type to date.

Regarding the treatment of combined meniscus and ACL
injuries, previous studies have suggested ACLR performed
at the time of meniscus repair confers a protective effect
against subsequent repair failure.15,31 It has been postu-
lated that that bony bleeding from tunnels drilled during
ACLR facilitates an optimal healing environment for the
repaired meniscus via the delivery of growth factors such
as vascular endothelial growth factor and platelet-derived
growth factor. As both BMAC and PRP have likewise been
shown to contain growth factors, influence cellular activity,
and modulate the extracellular environment,4,5,25,26,29,35,42

researchers have questioned whether it could provide even
further benefit to meniscus repairs performed alongside
ACL repairs. Everhart et al16 investigated the effects of
PRP administration in meniscus repairs with concomitant
ACLR, with 241 patients undergoing PRP-augmented sur-
gery and 158 undergoing nonaugmented surgery. After a 3-
year follow-up period, Kaplan-Meier analysis found that
PRP augmentation had no effect on meniscus repair sur-
vival when administered in the setting of concomitant
ACLR (P ¼ .28), with an overall meniscus repair failure
rate of 14.1%. In comparison, the current study analyzed
1038 patients who underwent meniscus repair with con-
comitant ACLR, 173 of whom received BMAC or PRP aug-
mentation at the time of surgery and 865 of whom
underwent nonaugmented repair. BMAC or PRP augmen-
tation at the time of meniscus repair and concomitant
ACLR did confer a small reduction in subsequent revision
rates compared with patients who did not receive BMAC or
PRP (5.2% vs 7.9%; P < .001). While this did achieve sta-
tistical significance, this relatively small reduction in fail-
ure rate may not represent a meaningful clinical difference.

Limitations

The results of the current study must be considered within
the context of its limitations, many of which are inherent to
administrative database research. Like much of the
research on this topic, specific details regarding the prepa-
ration of the BMAC or PRP, the manner in which it was
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administered, and the concentration used in each patient
were not available within the utilized database. Further-
more, the potentially differing effects of PRP and BMAC
administration were not individually accounted for (rather,
they were analyzed in a combined fashion), and details
regarding meniscal tear type, location, characteristics, and
repair technique were not available. Thus, conclusions
could not be drawn regarding the manner in which various
BMAC or PRP preparations affect meniscus repair out-
comes, we could not account for the possibility that sur-
geons chose to use biologic augmentation variably
depending on the specific qualities of each meniscal tear
or repair, and we could not investigate relationships
between how different meniscal tear or repair types
respond to these treatments.

A second limitation was that database entry relies on
accurate coding of all procedures, surgeries, and diagno-
ses; should providers miscode or not code, it would intro-
duce potential sources of error into our study and thus
affect the strength of our analysis and the reliability of
our results. Third, many surgeons routinely use other
techniques intraoperatively outside of BMAC or PRP to
biologically augment their meniscus repairs. Notable
examples include marrow venting and the incorporation
of autologous fibrin blood clots, both of which have dem-
onstrated effectiveness in the context of meniscal injury
and repair.|| Given there are no CPT codes specific to
these procedures, the present investigation does not
account for the possibility that they were used intraopera-
tively or for their potential effects on meniscus repair out-
comes both with or without additional biologic
augmentation. Last, utilization of an administrative data-
base necessitated that we also rely on CPT and ICD coding
to identify our desired endpoints (namely, revision sur-
gery as a representation of meniscus repair failure);
hence, we were unable to identify structural or clinical
failures, as could be determined by MRI, second-look
arthroscopy, or functional outcome scores. Despite these
limitations, we believe that the administrative database
still allows for useful conclusions to be drawn, as the large
number of patients enabled us to examine outcomes asso-
ciated with BMAC or PRP augmentation in meniscus
repair across a representative population.

CONCLUSION

In this large, matched cohort study, the overall rate of revi-
sion surgery after meniscus repair was approximately 7%.
There was no association between BMAC or PRP augmen-
tation and the incidence of revision surgery after isolated
primary meniscus repair. There was a statistically signifi-
cant decrease in the rates of revision meniscus surgery
when BMAC or PRP was used to augment meniscus repairs
in the setting of concurrent ACLR; however, this slight
reduction is of limited clinical significance.
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