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ABSTRACT

Objective: To compare bone marrow aspirate concentrate (BMAC) 
with the standard treatment for gluteal tendinopathies. Methods: 
48 patients diagnosed with gluteal tendinopathy at a university 
hospital were selected by a randomized clinical trial and divided 
into two groups: (G1) bone marrow aspirate concentrate and (G2) 
corticosteroid injections. Results: 40 of the 48 selected patients were 
monitored for six months and both groups showed better scores. 
Visual analog scale (VAS) scores and Lequesne index were statis-
tically significant higher in patients submitted to BMAC treatment 
when compared to standard treatment. Both groups improved their 
quality of life, without statistically significant difference. Conclusion: 
BMAC constitutes an alternative to gluteal tendinopathy standard 
treatment, proving to be a safe technique with promising results 
when combined with multidisciplinary team behavioral therapy. 
Level of Evidence II, Randomized Clinical Trial.

Keywords: Tendinopathy. Bone Marrow Cells. Hip Joint. Adrenal 
Cortex Hormones.

RESUMO

Objetivo: Estudo comparativo entre tratamento com corticóide e 
aspirado de medula óssea concentrado (BMAC) para o tratamento 
de tendinopatias glúteas. Métodos: O ensaio clínico randomizado 
selecionou pacientes diagnosticados com tendinopatia glútea 
e os dividiu em dois grupos: (G1) aspirado de medula óssea 
concentrada e (G2) injeção de corticosteróide. Resultados: Foram 
selecionados 48 pacientes, dos quais 40 foram monitorados por  
6 meses, com melhora nos escores nos dois grupos. Os pacientes 
que foram submetidos ao tratamento com BMAC tiveram uma 
melhora estatisticamente significativa nos escores de EVA e nos 
escores de Lequesne em comparação ao tratamento padrão. 
Houve uma melhora na avaliação da qualidade de vida em ambos 
os grupos, sem diferença estatisticamente significativa. Conclu-
são: O aspirado de medula óssea concentrada surge como uma 
alternativa ao tratamento padrão da tendinopatia glútea, provando 
ser uma técnica segura e com resultados promissores quando 
combinada à terapia comportamental de equipe multidisciplinar. 
Nível de Evidência II, O ensaio clínico randomizado.

Descritores: Tendinopatia. Células da Medula Óssea. Articulação 
do Quadril. Corticosteroides.

INTRODUCTION

Tendinopathy is a tendon disorder characterized by activity-related 
pain, local edema, focal tenderness on palpation, and decreased 
strength in the affected area.1 Several scientific studies address 
adult gluteal tendinopathy due to its prevalence. Also known as 
“hip bursitis,” gluteal tendinopathy is often referred to as greater 
trochanteric pain syndrome (GTPS). GTPS includes several per-
itrochanteric space disorders of the hip, such as tendinopathy of 
the gluteus medius and gluteus minimus muscles, snapping hip 
syndrome, and trochanteric bursitis.2

Pathologies affecting the periarticular hip space should be included 
within differential diagnosis. Traumatic injuries in the direct por-
tion of the rectus femoris muscle incur anterior hip pain and knee 
extensor strength deficit. Ischiofemoral impingement syndrome 
is a condition that narrows the proximal femur-ischium space of 
patients with reduced horizontal offset, causing groin and gluteal 
pain due to entrapment of the quadratus femoris muscle and 
surrounding structures. Athletic pubalgia is a syndrome that affects 
young patients who practice sports regularly, causing groin pain 
due to a chronic inflammatory process in the pubic symphysis 
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associated with adductor tendinopathy.3 Clinical studies show a 
high prevalence of GTPS, peaking from the sixth decade of life. 
A cohort study conducted with patients aged between 50 and 79 
years found the prevalence of unilateral GTPS to be 15% among 
women and 6.6% among men and bilateral GTPS to be 8.5% among 
women and 1.9% among men.4

The standard treatment for gluteal tendinopathies consists of an 
extensive rehabilitation protocol with the use of physical agents 
(ultrasound, electrical stimulation, and cryotherapy) to relieve pain. 
Kinesiotherapy is administered to reestablish the function of the 
muscle group by proper movement, postural realignment, and 
muscle stretching.5 For moments of more intense pain, routine 
analgesics and anti-inflammatories are prescribed. Rest must be 
proportional, and sports practices must be monitored throughout 
the recovery process.5

Corticosteroids local injection (an invasive method) is often adminis-
tered to reduce local inflammation and decrease pain, consequently 
improving the affected hip functional condition. Surgical interven-
tions are reserved for standard treatment-resistant cases and may 
vary from tendon debridement to tendon reinsertion/footprint.6

The challenge for the upcoming years is to change concepts re-
garding tissue regeneration in a feasible, clinically plausible, and 
economically viable manner. Surgical practices have shown an 
increasing interest in bone marrow aspirate concentrate (BMAC) 
applications and tissue engineering approaches for treating dam-
aged or lost tissues resulting from sports or traumatic injuries7 
due to several factors, including increased familiarity with bone 
marrow-derived mesenchymal stem cells. Recent techniques such 
as gene transfer, cell therapy, and application of growth factors 
show great capacity of becoming effective biological therapies, 
given that many studies have successfully introduced markers and 
therapeutic genes in ligaments and tendons.8

This study sought to compare the efficacy of BMAC with cortico-
steroid injection in the treatment of gluteal tendinopathies.

MATERIALS AND METHODS

Ethical aspects
This study was developed according to Resolution No. 466/12, 
which regulates research involving human beings. The research 
project was submitted to and approved by the Research Ethics 
Committee of Hospital Universitário Professor Edgard Santos. 
CAE: 72236317200000049.

Group of participants
Our study sample comprised 48 patients of both sexes, aged 
between 18 and 73 years, with clinical and radiological diagno-
sis of gluteal tendinopathy. These patients’ nuclear magnetic  
resonance (NMR) were analyzed and ultrasound was performed at 
the outpatient clinic. All patients agreed to participate in the study 
by signing the informed consent form. Physical therapy treatment 
protocol, lifestyle changing recommendations, and analgesic 
treatment were the same for all participants.

Exclusion criteria
Participants presenting infection at the surgical site or with comorbid-
ities and contraindications for the surgical procedure were excluded.

Monitoring plan
Monitoring visits occurred before the surgical procedure and one, 
three, and six months after stem cell-based grafting or corticosteroid in-
jection. To compare condition evolution, Visual Analogue Scale (VAS),  
and the Lequesne (functional score) and EuroQol-5D (quality of 
life score) questionnaires were administered to participants on the 
day of the procedure and during monitoring visits.

Randomization
Using a computer-based system, patients were randomized into two 
groups: bone marrow aspirate concentrate (G1) or corticosteroid 
treatment (G2).

Procedures
Stem cells were collected and injected in a surgical center, with the 
patient under sedation and analgesia and placed in supine position 
(standard for hip surgery). With the patient under spinal anesthesia 
and mild sedation, bone marrow aspirate was obtained by inserting 
a Jamshidi needle 5 cm deep toward the cancellous bone of the 
anterior iliac crest, so that its tip was located between the inner 
and outer tables. About 100 mL of bone marrow was aspirated 
using disposable 10-mL syringes preloaded with anticoagulant. 
Syringes containing bone marrow aspirates were grouped in sterile 
surgical grade and their contents transferred to a blood collection 
bag. An automated and closed system was used to separate and 
concentrate the fraction of mononuclear cells obtained from bone 
marrow aspirate (Sepax®).
Cell counting and viability assessment were performed using a small 
cells suspension at the procedure site. Live cells were sampled by 
anti-CD34 antibody staining and Propidium Iodide incorporation.

BMAC
Using an ultrasound-guided standard 10-mL syringe, 20 mL of the solu-
tion with BMAC was injected in the gluteal tendon footprint (Figure 1).

Figure 1. Ultrasound-guided BMAC therapy.

Corticosteroid injection
Corticosteroid injection was performed in an operating room at 
the outpatient clinic according to the Health Surveillance norms. 
After local anesthesia using 2% lidocaine without vasoconstrictor  
at 2 mL, a solution containing 7 mg of betamethasone associated 
with 4 mL of 2% lidocaine without vasoconstrictor was injected 
using a 0.7 x 30 mm needle, guided by ultrasound.

Data Analysis Plan
Database creation, descriptive analysis, and analytical analysis were 
performed using the software Statistical Package for Social Sciences 
(SPSS), version 14.0 for Windows®. Data normality was verified 
using Shapiro-Wilk test, descriptive statistics, and graphic analysis, 
and the results are presented in tables and graphs. Categorical 
variables are expressed in absolute and percentage values – n (%);  
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continuous variables with normal distribution are expressed as 
mean and standard deviation (±SD) and those with asymmetrical 
distribution in median and interquartile range (IQR). Significance 
level was set at 5% for inferential analyses.

RESULTS

Eight of the 48 evaluated patients were lost to follow-up (16%). 
Thus, 40 patients were monitored for six months and completed 
the rehabilitation protocol. 
From the 40 participants, twenty (50%) were men and twenty (50%) 
women. The average age in the bone marrow aspirate concentrate 
(BMAC) group (G1) was 46.1 years old (± 15.2 years old), and 
in the corticosteroid group (G2) 53.2 years old (± 12 years old).  
Most participants (57.5%) completed high school and only 12.5% of 
those currently studying got a leave of absence and were receiving 
the National Institute of Social Security (INSS) benefits. As for co-
morbidities, 47.5% of the sample presented arterial hypertension and 
30% presented diabetes mellitus. Depression was highly prevalent 
among study participants (22.5%) when compared to the overall 
population of the same age group (4.4%), corroborating the results 
reported by other studies that demonstrate a strong association 
between depressive disorders and gluteal tendinopathy (Table 1).

regular and guided sports. Among those who did regular phys-
ical activity, soccer was the most prevalent (15%). However,  
all patients reported complying with lifestyle changes recom-
mendations, performing activities at least 3 times a week for  
30 minutes. Guided activity entails a warm-up, physical exercise 
with cardiovascular stimulus, and post-workout stretching. Sex, 
age, education, INSS, and comorbidities were homogeneous 
between our study groups.
Comparing VAS scores obtained at baseline and at six-month 
follow-up, we verified pain to progressively reduce at about 67% 
in patients treated with BMAC (G1) and at about 34% in patients 
treated with corticosteroid injection (G2), with statistical significance 
(p < 0.001). At six-month follow-up, the median value was 2 in G1 
and 4 in G2, with statistical significance (p < 0.01).
The intragroup evaluation regarding the Lequesne questionnaire 
found G1 to show a 4-point reduction from baseline to six-month 
follow up, whereas this reduction was of 1.2 points for G2, with 
statistical significance (p < 0.02). The intergroup comparison 
verified a statistically significant reduction (p < 0.03), indicating 
that BMAC therapy was beneficial.
The quality of life within groups, assessed with by EuroQol 5D, showed 
statistically significant values in both groups. At six-month follow up, 
patients treated with BMAC presented an average increase of 0.16 
(p < 0.002) in EuroQol 5D values, whereas patients treated with 
corticosteroids presented a 0.11 (p < 0.01) increase. We found no sta-
tistically significant difference when comparing both groups (Table 2).

Table 1. Comparison of sociodemographic and clinical characteristics.

Variables
BMAC Group

(n = 15)
Corticosteroid Group

(n = 25)
p-value**

Age (Mean±SD) 46,1±15,2 53,2±12,0 0,110

Sex n(%) n(%)

Male 10 (66,7) 10 (40,0)

Female 05 (33,3) 15 (60,0)

Education

Primary 04 (26,7) 10 (40,0)

0,451Secondary 09 (60,0) 14 (56,0)

Tertiary 02 (13,3) 01 (4,0)

INSS 04 (26,7) 01 (4,0) 0,056

Comorbidities

Arterial hypertension 05 (33,3) 14 (56,0) 0,165

Diabetes Mellitus 02 (13,3) 10 (40,0) 0,152*

Depression 05 (33,3) 04 (16,0) 0,255*

Sickle Cell Anemia 00 (0,0) 01 (4,0) 1,000*

Labyrinthitis 00 (0,0) 01 (4,0) 1,000*

Glaucoma 00 (0,0) 01 (4,0) 1,000*

Sports Activity

Sedentary lifestyle 02 (13,3) 20 (80,0)

< 0,001

Pilates 03 (20,0) 02 (8,0)

Soccer 05 (33,3) 01 (4,0)

Water aerobics 03 (20,0) 00 (0,0)

Gym 02 (13,3) 00 (0,0)

Walking 00 (0,0) 02 (8,0)
n: number of participants; SD: standard deviation; INSS: National Institute of Social Security; *: 
Fisher’s exact test.

Most participants did not practice regular physical activity.  
At baseline, 55% of the study sample lacked the habit of practicing 

Table 2. Intergroup and intragroup comparison of the Visual Analogue 
Scale and the EuroQol 5D and Lequesne questionnaires.

Variables 
BMAC Group

(n = 15)
Corticosteroid Group

(n = 25)
p-value**

VAS Median (IQR) Median (IQR)  

Baseline 6.0 (5.0 – 7.0) 6.0 (4.0 – 7.5) 0.619

1st month 3.0 (2.0 – 4.0) 3.0 (2.0 – 5.0) 0.562

6th month 2.0 (2.0 – 3.0) 4.0 (2.5 – 6.0) 0.014

p-value** 0.001 0.001  

EuroQol 5D Average±SD Average±SD  

Baseline 0.52±0.22 0.50±0.33 0.752

6th month 0.68±0.18 0.61±0.25 0.353

p-value** 0.002 0.016  

Lequesne      

Baseline 8.7±1.9 8.0±3.6 0.397

6th month 4.7±2.1 6.8±3.3 0.031

p-value** < 0.001 0.021  
n: number of participants; IQR: interquartile range; SD: standard deviation; VAS: Visual Analogue 
Scale; **: Intergroup comparison (independent t-test or Mann-Whitney); *** Intragroup comparison 
(paired t-test or Wilcoxon).

When calculating the delta values of this study outcomes – obtained 
by subtracting baseline scores from the six-month follow up –  
we found VAS scores to present a 3.5-point median reduction in 
the BMAC-treated group and a 1.6-point reduction in the corti-
costeroid-treated group, with statistical significance. Likewise,  
G1 presented a 4-point reduction in the Lequesne index, whereas 
G2 presented a 1.1-pointreduction. We found no statistically sig-
nificant difference regarding EuroQol 5D values between groups, 
increasing quality of life by 0.16 in the BMAC group and by 0.12 in 
the corticosteroid group (Table 3).
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Table 3. Intergroup comparison of scores variability regarding the Visual 
Analogue Scale and the EuroQol 5D and Lequesne Index questionnaires.

Variables
BMAC Group

(n = 15)
Corticosteroid Group

(n = 25)
p-value**

Δ VAS -3.5±1.5 -1.6±1.8 0.001

Δ EuroQol 5D 0.16±0.15 0.12±0.23 0.590

Δ Lequesne -4.0±2.0 -1.1±2.3 > 0.001
n: number of participants; VAS: Visual Analogue Scale; ** Intergroup comparison (Independent t-test).

and stretching), doing physical therapy, and controlling underlying 
pathologies and pain (GTPS).14,15

Among the different local adjuvant therapies used to treat GTPS, 
the most common is corticosteroid injection. Using ultrasound 
for corticosteroids injection in the trochanteric region achieved 
promising results to the treatment. Long-term studies corroborate 
the results found in our research: although treatment with corti-
costeroid injection present positive clinical results at one-month 
follow-up, a serial evaluation showed that from two to six months 
after the procedure pain level switch back to values similar to 
those recorded at baseline. That is, treatment with corticosteroids 
promote a short-term reduction in pain and inflammation. Cortico-
steroid injections also pose risks related to inhibition of collagen 
synthesis and induction of apoptosis, reducing tendon resistance 
and increasing the risk of rupture.16,17

BMACs are already being employed in experimental treatments of 
tendon disorders in different parts of the human body. Treatments 
for patellar tendinopathy, rotator cuff, and lateral epicondylitis with 
BMAC have presented positive clinical results.18,19

GTPS requires a multidisciplinary treatment rather than a specific 
therapy, entailing comorbidities control, changes in lifestyle habits, 
and physical therapy.11 When compared to the standard treatment 
that uses corticosteroid injection, BMAC showed promising out-
comes as a local adjuvant therapy for GTPS.

CONCLUSION

Bone marrow aspirate concentrate (BMAC) represents a promising 
alternative to corticosteroids in the treatment of hip tendinopathy. 
When compared to conventional local therapy, BMAC reached 
statistically significant scores in the Visual Analogue Scale (VAS) 
for pain and Lequesne algofunctional index. The technique proved 
to be safe and feasible when administered along with a multimodal 
treatment involving different areas within health science.

DISCUSSION

Studies addressing tendinopathies are still scarce in the literature, 
so a limited number of patients is monitored regarding this condi-
tion. The first studies on the use of cell therapy in the treatment of 
tendinopathy were published in 2012. A group of researchers from a 
sports medicine center in New York published a series of eight cases 
of patellar tendinopathy treated with bone marrow mesenchymal 
stem cells. A study conducted in Brazil evaluated 14 individuals. 
Only case reports are found on the study of gluteal tendinopathy. 
Several preclinical studies were also developed in other mammalian 
and in vitro species in an attempt to clarify bone marrow aspirate 
concentrate (BMAC) mechanisms of action in tendinopathies.9-11

Studies employing corticosteroid injection in the treatment of ten-
dinopathies present a higher proportion of women. In turn, those 
employing BMAC comprise an equivalent proportion between sexes, 
like ours. Studies using corticosteroids for gluteal tendinopathy 
found pain to be higher than 5 (according to VAS scale) in about 
40% of patients three months after the procedure.4,12,13

The literature tends to agree that medication use, physical therapy, or 
surgical treatment have poor outcomes and few benefits to the pa-
tient when performed isolated. For patients with greater trochanteric 
pain syndrome (GTPS) to achieve a favorable well-being, they must 
undergo a multidisciplinary treatment involving changing lifestyle 
habits (regular physical activity, weight loss, muscle strengthening, 
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