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Injection of Bone Marrow Aspirate for Glenohumeral
Joint Osteoarthritis: A Pilot Randomized Control Trial
Tim Dwyer, M.B.B.S., Ph.D., Graeme Hoit, M.D., Adrienne Lee, M.D., Elyse Watkins,
Patrick Henry, M.D., Tim Leroux, M.D., Christian Veillette, M.D.,

John Theodoropoulos, M.D., Darrell Ogilvie-Harris, M.D., and Jaskarndip Chahal, M.D.
Purpose: To compare the efficacy of a single, intra-articular, nonconcentrated bone marrow aspirate (BMA) injection in
comparison to cortisone for the treatment of glenohumeral joint osteoarthritis (GHJ OA). Methods: Inclusion criteria
were patients between the ages of 18 and 75 with a diagnosis of GHJ OA on radiograph. Patients were randomized to
receive an ultrasound-guided, intra-articular cortisone injection or BMA injection (without concentration). The primary
outcome measure was the Western Ontario Osteoarthritis of the Shoulder (WOOS) index at 12 months. Secondary
outcome measures were the QuickDASH, EuroQOL 5-dimensions 5-level questionnaire (EQ-5D-5L) and visual analogue
scale. Results: The study included 25 shoulders of 22 patients who completed baseline and 12 months’ patient-reported
outcome measures (12 shoulders received cortisone, 13 shoulders received BMA) after the study was terminated early by
changes in Health Canada regulations. Baseline characteristics demonstrated a significant difference in the ages of the 2
groups, with the BMA group being older (61.6 vs 53.8 mean years, P ¼ 0.021). For the BMA group, a significant
improvement was seen in the WOOS index (P ¼ 0.002), the QuickDASH (P < 0.001), and the EQ-5D-5L pain dimension
(P ¼ 0.004) between baseline and 12 months. No significant difference was seen for any outcome in the cortisone group
between baseline and 12 months. No significant difference was demonstrated between changes in the WOOS scores from
baseline to 12 months when compared between groups (P ¼ 0.07). However, a significant difference in changes in scores
was seen in the QuickDASH (P ¼ 0.006) and the EQ-5D-5L pain scores (P ¼ 0.003) and the EQ-5D-5L health scores
(P ¼ 0.032) in favor of BMA. Conclusions: The results of this study demonstrate that patients with GHJ OA treated with
BMA have superior changes in the QuickDASH and EQ-5D-5L pain and health scores but not in the WOOS outcomes
measures at 12 months post injection when compared to patients treated with cortisone. However, because of the limited
number of patients as a result of the early termination of the study, larger randomized studies are required to confirm
these findings. Level of Evidence: Level II, randomized controlled trial.
lenohumeral joint (GHJ) osteoarthritis (OA) is a
Gpainful, progressive and debilitating condition that
impairs quality of life. Currently, the most common sur-
gical approach is total shoulder arthroplasty, a major
operation that carries with it significant risks, including
infection,1-3 and in young or active people, a significant
rate of early revision surgery.2,4,5 Therefore, the goal of
early shoulder OA management should be symptom
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Arthroscopy, Sports Medicine, and Rehabilitation
control in order to postpone or prevent the need for joint
replacement.
Initial nonoperative management options include

physical therapy, pain-control medications and intra-
articular injections. Corticosteroid injections are the
most commonly used injectables for GHJ OA, although
the limited evidence available suggests that pain relief
occurs for only short periods post treatment.6
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e2 T. DWYER ET AL.
Intra-articular hyaluronic acid injections have been
proposed as an alternative to corticosteroid injections,
and they have demonstrated a clinically significant
improvement in pain and function for as long as 6
months after injection,7,8 although with limited effect
size.9 There is limited information regarding the use of
platelet-rich plasma for GHJ OA.10

Bone marrow aspirate (BMA) and bone marrow
aspirate concentrate (BMAC) injections are relatively
recent options for the treatment of OA. Typically taken
from the patient’s pelvis, BMA has been shown to
contain high levels of white blood cells and platelets as
well as anti-inflammatory growth factors and cyto-
kines.11 BMA also contains mononuclear cells, of which
about 0.001% are mesenchymal stem cells (MSCs),
with chondrogenic potential and a paracrine effect in
increasing growth factor and cytokine levels.12,13 Intra-
articular injections of BMA and BMAC in the setting of
knee OA have reported statistically significant benefits
in improved pain scores and function,14 although
recent level 1 studies failed to demonstrate its superi-
ority to saline15 or to platelet-rich plasma (PRP).16 At
this time, there is limited evidence for the use of BMA
or BMAC for the treatment of GHJ OA.17,18

The purpose of this study was to compare the efficacy
of a single, intra-articular, nonconcentrated BMA in-
jection with cortisone for the treatment of GHJ OA. We
hypothesized that BMA would improve patient-
reported outcome measures (PROMs) in comparison
to cortisone in the setting of GHJ OA at 12 months post
injection.

Methods
This study was approved by the institutional research

ethics board and registered with ClinicalTrials.gov. In-
clusion criteria were men or women between the ages
of 18 and 75 with a diagnosis of primary GHJ OA on
standardized radiographs (anteroposterior, scapula
lateral and axillary lateral) who consented to the study
between June 2016 and May 2019. Exclusion criteria
were patients with a prior condition resulting in
secondary OA (such as trauma, dislocation, avascular
necrosis, fracture, inflammatory conditions, rotator cuff
arthropathy), previous injection of cortisone or other
substances, previous surgical interventions, and
inability to comply with rehabilitation or form
completion, as well as workplace compensation or
lawsuit involvement. All BMA kits were supplied by
Marrow Cellutions (Ranfac, Avon, MA). No other
funding was received from Marrow Cellutions, nor was
the company involved in study design, and at no time
were they permitted to access the study’s data.
Patients presenting with a primary diagnosis of

Samilson and Prieto stage 1 (osteophytes < 3mm),
stage 2 (osteophytes between 3 and 7 mm with slight
joint irregularity), or stage 3 (osteophytes > 7 mm with
narrowing and sclerosis of the joint) GHJ OA19 were
eligible for the study. Those who consented to the study
were randomized by a study coordinator to receive an
ultrasound-guided, intra-articular cortisone injection
(Group 1) or a BMA injection (Group 2) by means of a
computerized randomization system (sealedenvelope.
com) with a 1:1 allocation between the 2 treatment
arms. No sham bone marrow aspirations were per-
formed; thus, patients were not blinded to their treat-
ment group.
Patients randomized to Group 1 received an intra-

articular injection of 80 mg Depo Medrol with 4 mL
of 1% lidocaine in the office setting, in line with stan-
dard treatment practice at our institution. Patients
randomized to Group 2 had BMA taken from the pos-
terior superior iliac spine using the Marrow Cellutions
bone marrow aspiration system (Ranfac) in an outpa-
tient procedure room. The posterior superior iliac spine
was chosen on the basis of evidence that it contains
consistently high concentrations of colony-forming
units.20 The BMA system was chosen because of fa-
miliarity by the surgeons and white-paper evidence of
high levels of colony-forming units without the need
for a concentration process. Patients were placed in a
prone position, and 10 mL of 0.25% lidocaine were
used for local anesthesia at the donor site. All instru-
mentation was rinsed with 2,000 units/mL of heparin
prior to use, with .5 mL of the heparin solution retained
in the aspirate syringe. After palpation of landmarks,
the introducer needle was inserted past the cortex
into the medullary space of the posterosuperior iliac
spine, the sharp stylet was removed, and 1 mL of
marrow was aspirated to ensure proper positioning. A
blunt stylet was then inserted, and the access needle
was advanced 2 cm farther. Following this, the blunt
stylet was removed, and the aspiration cannula and
syringe were attached. After each 1 mL of aspirate, the
handle was rotated counterclockwise before repeating
the 1 mL aspirate, as per manufacturer’s instructions.
This was repeated until 10 mL of aspirate were ob-
tained. Instrumentation was removed and dressings
applied. The BMA was not centrifuged or manipulated
in any way.
The injection procedure was identical in both groups.

Patients sat upright, with the appropriate shoulder
marked and prepped with 2% chlorhexidine gluconate
and 70% isopropyl alcohol. Under ultrasound guid-
ance, local anesthetic (5 mL of 0.5 mL lignocaine) was
injected down to capsule of the GHJ using a posterior
approach. Following this, using an 18-gauge needle
under ultrasound guidance, 10 mL of unmanipulated
BMA or 5 mL of the local anesthetic/cortisone mix was
injected into the glenohumeral joint. Two orthopedic
surgeons performed all bone marrow aspirations and
ultrasound-guided injections of both cortisone and
BMA.
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Subjects in both treatment groups followed the same
protocol post procedure. Patients were instructed to rest
for 5 days before resuming normal activities and to
avoid the use of nonsteroidal anti-inflammatory medi-
cation for 2 weeks (although they were allowed to take
anti-inflammatories until the day of injection). Phys-
iotherapy was not recommended for either group post
injection because not all patients were able to access
physiotherapy equally. Patients were followed-up at 3,
6 and 12 months by a research coordinator blinded to
the patients’ interventions.
The primary outcome measure was a change in the

Western Ontario Osteoarthritis of the Shoulder (WOOS)
index from baseline to 12 months postintervention.21

The WOOS index is a disease-specific, patient-reported
survey composed of 19 questions and providing scores in
4 domains: (1) physical symptoms, (2) sport, recreation
and work, (3) lifestyle, and 94) emotions. Each question
is answered on a visual analogue scale, with possible
scores ranging from 0 to 100 and with total scores
ranging from 0 to 1900; a score of 1900 indicates an
extreme decrease in shoulder-related quality of life.22
Fig 1. CONSORT (Consolidated
Standards of Reporting Trials) flow
diagram.
The secondary outcome measures used were the
QuickDash, EQ-5D-5L and visual analogue scale for
pain. The QuickDash23,24 is an abbreviated version of
the original Disabilities of the Arm, Shoulder and Hand
(DASH) outcome measure,25 a region-specific PROM
composed of 11 items rather than the original 30-item
outcome measure. The QuickDASH score has 2 com-
ponents: the disability/symptom section (11 items,
scored 1-5) and the optional sport and work modules (4
items, scored 1-5). Patients use a 5-point Likert scale
form, with the final disability/symptom score ranging
from 0 (no disability) to 100% (most severe disability).
The minimal clinically important difference for Quick-
Dash is 8% in individuals with shoulder pain.26

The EQ-5D-5L is a general health-status outcome score
with 2 parts. The EQ-5D-5L descriptive system comprises
5 dimensions: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression.27 Each dimension
has 5 levels. The EQ visual analogue scale records the
patient’s self-reported health between 0 (theworst health
you can imagine) and 100 (the best health you can
imagine).
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Table 1. Baseline Characteristic Comparison Between BMA and Cortisone Injection Groups

BMA
N ¼ 13

Cortisone
N ¼ 12 P Value

Patient demographics
Age, mean (SD) 61.6 (8.1) 53.8 (8.3) 0.021*

Sex, n males (%) 8 (57.1%) 9 (75.0%) 0.43y

Shoulder characteristics
Affected side, n right (%) 5 (35.7%) 6 (50%) 0.69y

Radiograph arthritis stage Stage 1: 1 Stage 1: 0 0.23y

Stage 2: 11 Stage 2: 8
Stage 3: 1 Stage 3: 4

Baseline outcome measure scores
WOOS, mean (SD) 1105.7 (205.3) 1088.9 (262.8) 0.86*

QuickDASH, mean (SD) 44.5 (12.2) 39.4 (11.1) 0.28*

Work, mean (SD) 44.3 (22.8) 32.0 (22.8) 0.26*

Sport, mean (SD) 62.5 (22.0) 60.9 (11.9) 0.86*

Pain VAS, mean (SD) 4.5 (2.3) 4.8 (1.8) 0.72*

EQ5D-5L Health Score, median (IQR) 74 (65-85) 70 (70-75) 0.57z

Bold values indicate statistical significance (P < 0.05).
IQR, interquartile range; n, number of participants; SD, standard deviation; VAS, visual analogue scale; WOOS, Western Ontario Osteoarthritis

of the Shoulder index.
*P value produced using 2-sided unpaired t test.
yP value produced using Fisher exact test.
zP value produced using 2-sided Mann-Whitney U test.
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Statistical Analysis
The planned sample size was 44 patients, or 22 patients

pergroup.The sample size calculationwas conductedwith
theCohendeffect sizeof0.98,80%powerof80%,2-sided
significance level of 0.05, and a 15% attrition rate using R
3.2.0 with the package pwr. The effect size was estimated
based on statistics (means and standard deviations) re-
ported ina similar studybyMorella et al.6However, due to
Health Canada regulations, the study was stopped before
the planned sample size had been reached.
Demographic data and baseline outcome scores were

calculated and presented using means and standard
deviations, medians and interquartile ranges, or counts
and proportions where appropriate. In our primary
analysis, we used an unpaired 2-sample t test to
compare differences between our primary outcome
(change in WOOS scores from baseline to 12 months)
between treatment groups. For secondary outcome
measures, unpaired 2-sample t tests or Wilcoxon rank
sum tests were employed to investigate differences be-
tween groups. All tests were 2-sided. The significance
level was set at P < 0.05 for all tests. All statistical
analysis was performed using SAS s oftware, version
9.4 (SAS Institute, Cary, NC, USA).

Results
Between June 2016 andMay 2019, a total of 33 patients

(including 37 shoulders, 4with bilateral OA) consented to
participate in the trial and were randomized. After
enrollment, 8 patientswere excluded, leaving a total of 25
patients (29 shoulders) in the study. Fig 1 presents the
Consolidated Standards of Reporting Trials (CONSORT)
flow diagram. On May 15, 2019, Health Canada advised
that all cell therapies were to be considered drugs under
the Food andDrugs act, requiring authorization by Health
Canada to ensure safety and efficacy. For this reason, on
May 15, 2019, the study ceased enrolling patients, leaving
2 patients who were randomized to BMA unable to
receive their injections. After receiving an injection, 2
patients were excluded from each group, and 1 patient
was excluded after a cortisone injection due to a new
diagnosis of polymyalgia rheumatica (this patient had also
been randomized to receive BMA in her other shoulder,
but was excluded prior to this injection). As a result of the
newregulations, 25 shoulders (22 patients)were included
in the study.
All 22 patients (25 shoulders) completed baseline and

12-months PROMs. Twelve patients received a corti-
sone injection, and 13 patients received BMA. Baseline
characteristics are presented in Table 1. A significant
difference was seen in the ages of the 2 groups the BMA
group was older (P < 0.05). No complications were
seen in either group.
Table 2 presents the difference between the baseline

and 12-month outcome scores for the BMA group and
for the cortisone group. For the BMA group, a signifi-
cant difference was seen for the WOOS, the Quick-
DASH, the QuickDASH work and sports modules, and
the EQ-5D-5L pain dimension. No difference was seen
for any outcome in the cortisone group.
Table 3 presents a comparison of the 12-month

outcome scores for both groups. No significant differ-
ence between the BMA group and the cortisone group
was seen for the WOOS, the primary outcome measure.



Table 2. Differences Between Baseline and 12-month Outcome Scores Within BMA and Cortisone Injection Groups

Baseline Score 12-Month Score P Value

BMA (N ¼ 13)
WOOS, mean (SD) 1082.0 (192.8) 684.0 (385.3) 0.002*

QuickDASH, mean (SD) 42.5 (10.1) 25.5 (8.4) <0.00*

QuickDASH Work, mean (SD) 43.2 (23.6) 18.1 (13.1) 0.005*

QuickDASH Sport,
mean (SD)

61.4 (22.7) 39.2 (25.3) 0.003*

Pain VAS, mean (SD) 4.3 (2.1) 3.0 (2.8) 0.13*

EQ5D-5L Mobility, median (IQR) 1 (1-1) 1 (1-1) 1.00y

EQ5D-5L Selfcare, median (IQR) 2 (1-3) 2 (1-2) 0.36y

EQ5D-5L Activities, median (IQR) 2 (2-3) 2 (2-2) 0.16y

EQ5D-5L Pain, median (IQR) 3 (3-4) 2 (2-3) 0.004y

EQ5D-5L Anxiety, median (IQR) 1 (1-2) 1 (1-2) 0.25y

EQ5D-5L Health Score, median (IQR) 75 (70-85) 81 (75-85) 0.27y

Cortisone (N ¼ 12)
WOOS, mean (SD) 1088.9 (262.8) 1002.7 (429.2) 0.54*

QuickDASH, mean (SD) 39.4 (11.1) 37.1 (18.7) 0.59*

QuickDASH Work, mean (SD) 32.0 (22.8) 25.0 (16.5) 0.47*

QuickDASH Sport,
mean (SD)

60.9 (11.9) 49.2 (23.7) 0.44*

Pain VAS, mean (SD) 4.8 (1.8) 5.1 (3.2) 0.61*

EQ5D-5L Mobility, median (IQR) 1 (1-1) 1 (1-1) 0.50y

EQ5D-5L Selfcare, median (IQR) 2 (1.5-2) 2 (1.5-3) 1.00y

EQ5D-5L Activities, median (IQR) 3 (2-3) 3 (2-3) 1.00y

EQ5D-5L Pain, median (IQR) 3 (2-3.5) 3 (2.5-3.5) 0.75y

EQ5D-5L Anxiety, median (IQR) 1 (1-2) 1 (1-2.5) 0.25y

EQ5D-5L Health Score, median (IQR) 70 (70-75) 67.5 (55-72.5) 0.13y

Bold values indicate statistical significance (P < 0.05).
IQR, interquartile range; n, number of participants; SD, standard deviation; VAS, Visual Analogue Scale; WOOS, Western Ontario Osteoarthritis

of the Shoulder index.
*P value produced using 2-sided paired t test.
yP value produced using 2-sided Wilcoxon signed rank test.
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A significant difference was seen for the QuickDASH
and the EQ-5D-5L pain and health scores.
Table 4 presents a comparison of the changes in

outcome scores from baseline to 12 months for the BMA
and cortisone injection groups. Again, no significant
difference was seen for the WOOS primary outcome
measure. A significant difference was seen for the
QuickDASH, the QuickDASH sport module, and the EQ-
5D-5L pain and health scores in favor of the BMA group.
Table 5 and Fig 2 present PROMs at 3,6 and 12 months;

some patients did not provide scores at 3 and 6 months.
Therewas no significant difference in PROMsbetween the
2 groups at the 3- and 6-month time periods (P > 0.05).
A post hoc power calculation based on the WOOS

score, which found that the study was powered to a beta
of 0.28 (i.e., 72% of the time, if there was a real dif-
ference in WOOS, it would not have been identified).
Based on this pilot data, a follow-up study would require
51 patients per group in order to have a beta of 0.8.

Discussion
The findings of this study demonstrate that in compar-

ison to cortisone injections, patients receiving BMA in-
jections showed no significant change between baseline
and 12 months on the WOOS primary outcome measure
but showed significant improvements on theQuickDASH
and on the EQ-5D-5L pain and health scores dimensions.
Although there was a nonsignificant difference for supe-
rior change inWOOS scores in the BMA group compared
to the cortisone group, because of early termination, this
study was significantly underpowered, and further study
is required to confirm this effect.
The theory behind the use of BMA and BMAC in the

treatment of OA has focused on the presence of MSCs,
although the exact mechanism of action is still unclear.12

Both BMA and BMAC have been shown to contain
colony-forming units (CFUs) having surface markings
consistent with MSCs,11 although MSCs have been
shown to represent only 0.001% to 0.02% of mono-
nuclear cells, even after centrifugation.12 Bonemarrow is
also a rich source of growth factors and cytokines that
decrease cell apoptosis and inflammation several times
that of PRP,11 and it is thought thatnucleated cells inBMA
have a paracrine effect by delivering various growth fac-
tors and cytokines.13 BMAC has also been shown to have
significantly higher levels of platelets compared to PRP.11

The use of both BMA and BMAC has been increasing
in orthopedics, whether it be treating cartilage defects
in the knee28 or foot and ankle,29 the treatment of bone
defects and nonunion,30 or the treatment of



Table 3. Comparison of 12-Month Postinjection Outcomes Between BMA and Cortisone groups

BMA N ¼ 13 Cortisone N ¼ 12 P Value

WOOS, mean (SD) 684.0 (385.3) 1002.7 (429.2) 0.06*

QuickDASH, mean (SD) 25.5 (8.4) 37.1 (18.7) 0.01*

QuickDASH, Work, mean (SD) 18.1 (13.1) 25.0 (16.5) 0.36*

QuickDASH, Sport, mean (SD) 39.2 (25.3) 49.2 (23.7) 0.39*

Pain VAS, mean (SD) 3.0 (2.8) 5.1 (3.2) 0.09*

EQ5D-5L
EQ5D-5L Mobility, median (IQR) 1 (1-1) 1 (1-1) 0.90y

EQ5D-5L Selfcare, median (IQR) 2 (1-2) 2 (1.5-3) 0.22y

EQ5D-5L Activities, median (IQR) 2 (2-2) 3 (2-3) 0.05y

EQ5D-5L Pain, median (IQR) 2 (2-3) 3 (2.5-3.5) 0.028y

EQ5D-5L Anxiety, median (IQR) 1 (1-2) 1 (1-2.5) 0.47y

EQ5D-5L Health Score, median (IQR) 81 (75-85) 67.5 (55-72.5) 0.015y

Patient Satisfaction
Satisfaction VAS, median (IQR) 1.3 (0.1-3.5) 6.8 (4.1-8.6) 0.06y

Bold values indicate statistical significance (P < 0.05).
IQR, interquartile range; n, number of participants; SD, standard deviation; VAS, visual analogue scale; WOOS, Western Ontario Osteoarthritis

of the Shoulder index.
*P value produced using two-sided unpaired t-test
yP value produced using 2-sided Mann-Whitney-U test
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degenerative disc disease.31 With regard to the treat-
ment of OA, the most common use has been in the
setting of knee OA, and some evidence of efficacy has
been shown in nonrandomized trials.14 However, in
2017, Shapiro compared a BMAC injection with a
contralateral saline injection in 25 patients with bilat-
eral knee OA and saw no significant difference at either
6 months15 or 12 months post injection.32 Publications
regarding the use of BMA or BMAC in the treatment of
GHJ OA are extremely limited at this time. In 2015,
Centeno published work concerning a series of patients
undergoing BMAC injections for both rotator cuff tears
and GHJ OA; 34 of 115 (29.6%) patients in this study
Table 4. Comparison of the Change in Outcome Scores From Bas
Groups

BMA
N ¼ 13

WOOS, mean (SD) -398.0 (364.1
QuickDASH, mean (SD) -17.0 (9.9)
QuickDASH Work, mean (SD) -18.8 (12.9)
QuickDASH Sport, mean (SD) -27.5 (21.5)
Pain VAS, mean (SD) -1.3 (2.9)

EQ5D-5L
EQ5D-5L Mobility, mean (SD) 0.1 (0.5)
EQ5D-5L Selfcare, mean (SD) -0.3 (0.9)
EQ5D-5L Activities, mean (SD) -0.6 (1.3)
EQ5D-5L Pain, mean (SD) -0.9 (0.8)
EQ5D-5L Anxiety, mean (SD) -0.3 (1.0)
EQ5D-5L Health Score, mean (SD) 2.5 (7.5)

Change scores ¼ 12 month scoresebaseline scores.
Bold values indicate statistical significance (P < 0.05).
IQR, interquartile range; n, number of participants; SD, standard deviatio

of the Shoulder index.
P values produced using 2-sided unpaired t test.
had GHJ OA, and they showed improvement in the
outcome scores.17 Darrow et al. used both whole bone
marrow and BMAC to treat 32 cases of shoulder OA,
demonstrating improvements in pain and function at a
mean of 6 months of follow-up.18 The results of this
pilot study demonstrate that patients with GHJ OA who
are treated with injections of BMA have improved
outcomes at 12 months in the WOOS and QuickDASH
outcome measures, as well as in the EQ-5D-5L pain
dimension when compared to baseline. This is
encouraging and suggests that further, larger scale
research regarding the use of BMA and BMAC in this
group of difficult-to-treat patients may be rewarding.
eline to 12 Months Postinjection Between BMA and Cortisone

Cortisone
N ¼ 12 P Value

) -86.2 (467.8) 0.07
-2.3 (14.2) 0.006
-4.5 (15.2) 0.07
-5.4 (17.1) 0.039
0.6 (3.6) 0.18

0.3 (0.6) 0.45
0.1 (1.0) 0.30
0.1 (0.8) 0.13
0.1 (0.7) 0.003
0.3 (0.5) 0.10
-7.3 (13.3) 0.032

n; VAS, visual analogue scale; WOOS, Western Ontario Osteoarthritis



Table 5. Outcome Scores Within BMA and Cortisone Injection Groups

Baseline Score 3-Month Score 6-Month Score 12-Month Score

BMA (N ¼ 13) N ¼ 13 N ¼ 8 N ¼ 10 N ¼ 13
WOOS, mean (SD) 1082.0 (192.8) 856.9 (559.4) 732.7 (376.3) 684.0 (385.3)
QuickDASH, mean (SD) 42.5 (10.1) 32.8 (15.2) 28.8 (10.0) 25.5 (8.4)
QuickDASH Work, mean (SD) 43.2 (23.6) 26.6 (24.5) 14.1 (17.9) 18.1 (13.1)
QuickDASH Sport, mean (SD) 61.4 (22.7) 41.0 (23.4) 40.6 (23.1) 39.2 (25.3)
Pain VAS, mean (SD) 4.3 (2.1) 3.4 (2.6) 2.6 (2.4) 3.0 (2.8)
EQ5D-5L Mobility, median (IQR) 1 (1-1) 1 (1-1) 1 (1-1) 1 (1-1)
EQ5D-5L Selfcare, median (IQR) 2 (1-3) 1.5 (1-2.5) 1.5 (1-3) 2 (1-2)
EQ5D-5L Activities, median (IQR) 2 (2-3) 2 (1.5-2.5) 2 (2-3) 2 (2-2)
EQ5D-5L Pain, median (IQR) 3 (3-4) 2 (2-3) 2 (1.5-3) 2 (2-3)
EQ5D-5L Anxiety, median (IQR) 1 (1-2) 1 (1-1) 1 (1-1) 1 (1-2)
EQ5D-5L Health Score, median (IQR) 75 (70-85) 75 (70-85) 77.5 (75-85) 81 (75-85)

Cortisone (N ¼ 12) N ¼ 12 N ¼ 7 N ¼ 6 N ¼ 12
WOOS, mean (SD) 1088.9 (262.8) 759.1 (411.0) 816.6 (316.3) 1002.7 (429.2)
QuickDASH, mean (SD) 39.4 (11.1) 26.6 (18.4) 31.4 (15.7) 37.1 (18.7)
QuickDASH Work, mean (SD) 32.0 (22.8) 16.7 (12.9) 31.3 (18.2) 25.0 (16.5)
QuickDASH Sport, mean (SD) 60.9 (11.9) 47.9 (18.8) 40.6 (22.1) 49.2 (23.7)
Pain VAS, mean (SD) 4.8 (1.8) 2.3 (1.4) 3.9 (3.9) 5.1 (3.2)
EQ5D-5L Mobility, median (IQR) 1 (1-1) 1 (1-3) 1 (1-1) 1 (1-1)
EQ5D-5L Selfcare, median (IQR) 2 (1.5-2) 2 (1-1) 2 (1-2) 2 (1.5-3)
EQ5D-5L Activities, median (IQR) 3 (2-3) 2 (1-2) 2.5 (2-3) 3 (2-3)
EQ5D-5L Pain, median (IQR) 3 (2-3.5) 2 (2-3) 2.5 (2-3) 3 (2.5-3.5)
EQ5D-5L Anxiety, median (IQR) 1 (1-2) 1 (1-1) 1 (1-1) 1 (1-2.5)
EQ5D-5L Health Score, median (IQR) 70 (70-75) 75 (60-80) 75 (60-75) 67.5 (55-72.5)

IQR, interquartile range; n, number of participants; SD, standard deviation; VAS, visual analogue scale; WOOS, Western Ontario Osteoarthritis
of the Shoulder index.
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There are a variety of products on the market for
BMA and BMAC; 2 recent systematic reviews noted
that there was inadequate reporting of both preparation
protocols and composition in the literature.33,34 In this
study, 10 mL of BMA were extracted from the posterior
superior iliac spine using the Marrow Cellutions system
and injected in the GHJ without a concentration pro-
cess.35 Alternative systems often use 60 mL or more of
extracted bone marrow, followed by a concentration
process to increase the number of MSCs relative to
baseline.13 However, in both children and adults, it has
been shown that after the first few mL of bone marrow
aspiration, any increase in volume results primarily in
hemodilution.36,37 Further, a study of 30 adults
demonstrated that concentrations of MSCs were higher
in a 10 mL sample than in a 50 mL sample.38 The
Marrow Cellutions system is closed distally to limit
peripheral blood infiltration end of the aspiration can-
nula and obtains multiple small-volume draws (1 mL)
from side holes during a single puncture. It also uses
technology that allows the aspiration needle to be
repositioned after each draw. In 1 study, this technique
was shown to produce concentrations of CFUs that
were comparable to or greater than samples obtained
with larger aspiration volumes and concentrations.35

However, it is important to note that evidence that
improving the numbers of CFUs improves outcomes is
limited,39 and that further study is required to evaluate
the efficacy of different BMA and BMAC systems in the
treatment of OA.
There are other, less invasive interventions for the
treatment of OA available on the market such as PRP.
There is significant evidence for the use of PRP in the
setting of kneeOA; a systematic review in2017 found that
9 of 11 randomized controlled trials demonstrated
significantly better results with PRP thanwith hyaluronic
acid.40 In theory, BMA and BMAC should be more effi-
cacious anti-inflammatoryagents thanPRP; theyhave the
same or greater levels of platelets as PRP,11 provide a
source of MSCs not found in peripheral blood,41 and are
known to contain greater levels of interleukin-1 receptor
antagonist,11,42 which work to inhibits interleukin-1
catabolism effects. In 2020, Anz et al. published a ran-
domized trial comparingBMAC toPRP in90 patientswith
knee OA and demonstrated no significant improvement
in pain relief between the 2 groups at 1 year.16At this time
there are limited studies looking at the use of PRP in GHJ
OA, although studies are currently underway. Because of
the superiority of PRP over HA in the setting of knee OA
and the potential increased efficacy of BMA and BMAC
over PRP, the use of BMA was selected for our study in
patients with GHJ OA.

Limitations
Despite some of the encouraging findings of this

study, it is important to acknowledge a risk of under-
powered studies such as ours, including type I errors.
Furthermore, any findings are not robust because of the
small number of cross-over patients required to change
a significant finding into a nonsignificant one.43,44 For



Fig 2. Changes in scores over time for both groups. (A) Western Ontario Osteoarthritis of the Shoulder (WOOS) index. No
significant difference was seen between the mean scores for the 2 groups at 12 months post injection (P ¼ 0.06). (B) QuickDASH.
A significant difference was seen between the mean scores for the 2 groups at 12 months post injection (P ¼ 0.006). (C) Pain
Visual Analogue Score. No significant difference was seen between the mean scores for the 2 groups at 12 months post injection
(P ¼ 0.09). (D) Eq5D-5L pain score. A significant difference was seen between the mean scores for the 2 groups at 12 months
post injection (P ¼ 0.028). A significant difference was also seen for the health score domain (P ¼ 0.015), but not for the mobility,
selfcare or activities domain. (BMA, bone marrow aspirate.)
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example, a recent study looking at significant findings
in sports medicine and arthroscopic surgery determined
that the median value of the Fragility Index was 2,
indicating that changing 2 patients between study
groups would reverse the significance.44 There were
also limited enrollment numbers over the 3 years
because some patients preferred a more permanent
solution such as arthroplasty.
There are other limitations in this study. The 2 groups

were different in age at baseline, although there was no
significant difference in baseline outcomes measures
between the 2 groups. There were also more patients
with severe GHJ OA in the cortisone group. Although
randomization usually serves to limit this occurrence,
early termination of the study is likely to be the cause.
However, this finding may have affected the outcome
of our study. Patients were not blinded to the inter-
vention because no sham BMA procedures were per-
formed. For this reason, some of the improvements in
the BMA group may be a result of the placebo effect.
However, BMA is not without an element of pain and
risk to the patient, and the authors of this study did not
believe it was ethical to perform sham procedures.
Additionally, we did not perform any product sampling,
so we cannot comment on the cellular composition of
the BMA injections. Furthermore, no follow-up imag-
ing was used because it was believed the primary
function of BMA injections was to reduce pain and
inflammation as opposed to cartilage regeneration. The
follow-up is also relatively short, at only 12 months,
and we will endeavor to follow this group for another
year. Only patient-reported outcome measures were
used in this study because the primary goal of the
intervention was to improve pain, not patient strength
or range of motion. Likewise, follow-up imaging was
not performed because it was not believed that either
injection would result in measurable cartilage regen-
eration. Finally, BMA was used without any concen-
tration process; it may be that BMAC might have
resulted an increased therapeutic effect in this group of
patients.

Conclusions
The results of this study demonstrate that patients with

GHJ OA that is treated with BMA have superior changes
in QuickDASH and EQ-5D-5L pain and health scores but
not in WOOS outcomes measures at 12 months post
injection, compared to patients treated with cortisone.
However, because of the limited number of patients
resulting from early termination, larger randomized
studies are required to confirm these findings.
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