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A B S T R A C T

Despite lack of clear understanding, the use of biologic treatment methods has increased in the United States.
Therapeutic methods, including platelet-rich plasma (PRP), bone marrow aspirate concentrate (BMAC) and hya-
luronic acid (HA) among other biologics, are commonly associated with relief of pain in a number of different
orthopedic conditions. Within the past two decades, hip preservationists have investigated the roles of these
biologic treatments in both non-operative and surgical management of common hip conditions. The purpose is
to review the published literature surrounding the application and efficacy of biologics, most notably PRP, BMAC
and HA, in the clinical management of hip conditions. The hip conditions examined in this review include hip
osteoarthritis, femoroacetabular impingement syndrome and associated labral tear pathology, avascular necrosis
of the femoral head and gluteal/hamstring tendinopathy. While our review of the literature suggests that there is
support for the implementation of biologics to relieve pain and improve function for hip conditions. Through
further research efforts, it is important to stay updated with the clinical efficacy of biologics in hip preservation.

I N T R O D U C T I O N
Despite lack of clear understanding of their clinical efficacy
and cost-effectiveness, the clinical use of biologic therapies
has increased in the United States in recent years [1–3].
Animal studies have verified ‘proof of concept’ for cell-
based therapies, platelet-rich plasma (PRP), cytokines and
tissue-engineered implants but due to insufficient number
of quality studies and lack of standardization in biologic
preparations and outcomes, the clinical use for these thera-
pies remains unclear [1, 3]. Direct-to-consumer advertising
of biologic therapies by clinics and commercial entities
portrays an almost exclusively positive tone, without pro-
viding a balanced view of the risks, benefits and limitations
of these treatments. Because of this, physicians must be
aware of the discrepancy between marketing claims and
scientific evidence [1]. Concerns about such misinforma-
tion from direct-to-consumer marketing about unproven

treatments have led several medical professional societies to
convene and discuss the matter, as misrepresentation and
lack of characterization of these products may erode public
trust and interfere with the development of legitimate cell
therapies [2]. Additionally, Turner and Knoepfler [4] iden-
tified 351 US centers that offer direct-to-consumer stem
cell therapies at 570 clinics. These clinics were associated
with an average cost of �$5000 for a biologic injection for
knee osteoarthritis (OA) and purported an 80% patient sat-
isfaction and symptomatic improvement rate, a statistic that
differs from what is in the published literature [5].

The purpose of this article is to (i) review the published
literature surrounding the application and efficacy of bio-
logics, most notably PRP, bone marrow aspirate concen-
trate (BMAC) and hyaluronic acid (HA), in the clinical
management of hip conditions and (ii) analyze the effects
of biologic therapies on patient-reported outcomes in the
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literature. Articles were included in our literature review if
they analyzed patient-reported outcomes and identified
biologic therapies as a targeted treatment method for the
following hip conditions: hip OA, femoroacetabular im-
pingement syndrome (FAIS) and associated labral tear
pathology, avascular necrosis of the femoral head, gluteus
tears/tendinosis and hamstring tendinopathy (Table I).

B I O L O G I C O P T I O N S I N O R T H O P E D I C
S U R G E R Y

Platelet-rich plasma
PRP is a volume of autologous plasma that exhibits a plate-
let concentration above baseline levels and is rich in growth
factors. Two methods have been described to prepare PRP:
centrifugation and apheresis [6, 7]. Centrifugation produces
PRP in a less expensive and more practical manner; how-
ever, apheresis yields a higher platelet concentration [6].
The rationale for use and therapeutic potential of a high
concentration of platelets is based on their capacity to sup-
ply and release supraphysiologic amounts of essential
growth factors and cytokines from their alpha granules to
provide a regenerative stimulus that augments healing and
promotes repair in tissues with low healing potential [7].
Some studies have shown that growth factors present in
PRP were shown to increase tenocyte proliferation and
extracellular matrix production while protecting against oxi-
dative stress and inflammation [1].

In 2011, Nguyen et al. [8] performed a comprehensive
review of the literature surrounding the therapeutic appli-
cations of PRP in musculoskeletal and sports medicine at
the time. Many of the studies showed the potential positive
effect of PRP in the treatment of musculoskeletal condi-
tions, but, at the time, there was a paucity of human
randomized controlled trials (RCTs) to provide evidence
for its efficacy. Since then, several RCTs have been pub-
lished supporting the effectiveness of PRP in specific mus-
culoskeletal injuries, including rotator cuff tears and
general tendinopathy [9–12]. Additionally, prior literature
supports the intraoperative use of PRP injections during
rotator cuff repair and anterior cruciate ligament recon-
struction [1, 10, 11, 13]. However, other studies investigat-
ing the efficacy of PRP in other shoulder pathologies,
including rotator cuff tear and tendinopathy, have coun-
tered the previous evidence of the benefits of biologics
compared to standard of care treatments [1, 14, 15].

The lack of clarity surrounding PRP likely stems from
the lack of standardization in its preparation and lack of
characterization of the final product [1, 6]. Variation in
characteristics, such as platelet concentrations, platelet acti-
vation, leukocyte concentrations and other contents, is

dependent on numerous factors, including harvest site, har-
vest volume, patient demographics, such as age and sex,
concomitant medical comorbidities, medications, nutrition-
al factors and recent activity level [1]. PRP is an autolo-
gous product, therefore, biological difference among
individuals and hematocrit variability can contribute to the
observed variation in PRP content and quality, as well as,
the cellular responses to autologous blood products and
tissue-specific metabolic needs [1, 3, 6].

Bone marrow aspirate concentrate
Stem cells can be extracted from the blood, bone marrow, fat,
muscle and virtually every tissue in the body [16, 17]. BMAC
contains growth factors that are linked to chondrocyte prolif-
eration, mesenchymal stem cell (MSC) differentiation, wound
healing and the suppression of proinflammatory cytokines
[17]. Similar to PRP, the clinical efficacy of BMAC has also
been debated in the orthopedic literature, and the optimal
preparation, anatomic source, delivery method, timing and
dosage remains largely unclear [18, 19]. Specifically, the via-
bility and efficacy of BMAC and other cell therapies are
affected by harvest site, cell concentration and donor charac-
teristics, including age, sex and comorbidities [1]. Due to this
lack of clarity and understanding around BMAC, it is import-
ant to conduct further investigation to help build a systematic
algorithm based on characteristics of the patient and the path-
ology [1, 17].

The use of BMAC has been associated with osteochon-
dral repair and a finding of significantly increased defect
filling, better structural parameters of the repaired tissue
and improved integration compared with microfracture
alone in the ankle and the knee [20, 21]. Additionally,
patients with knee OA who were given a single intra-articu-
lar BMAC injection appeared to have long-term benefits,
with statistically significant improvement in pain and func-
tion [22]. Trials have also shown that outcomes using
bone marrow-derived MSCs have been more positive than
using PRP in the setting of rotator cuff repair [1].
Although there is evidence on the use of BMAC in symp-
tomatic knee OA, no consensus exists on the algorithm for
treatment, indications, optimal protocol of processing and
delivery and outcome reporting in the current literature.

Hyaluronic acid and other biologic therapies
An additional biologic therapy is the use of HA, a glycosa-
minoglycan primarily located in the cartilage extracellular
matrix within a joint’s synovial fluid. HA primarily func-
tions as a shock absorber within joints, such as the hip, in
addition to its lubricating properties to allow for smooth
motion of the femoral and acetabular surfaces [23]. Within
the orthopedic literature, intra-articular injections of HA
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have been used as an additional lubricant for compromised
joints to provide pain relief and improved joint function.
Multiple studies have analyzed the effects of HA and found
similar benefits compared to other non-operative manage-
ment and operative techniques for pain relief of the hip
and knee [24].

Additionally, a wide array of biologics are incorporated
into orthopedic surgery and hip preservation surgery spe-
cifically, including chondrocyte implantation, MSCs,
growth factors and cytokines as well as various biomolecu-
lar and tissue-engineered implants [25–27]. Krueger et al.
[26] analyzed the effects of injecting autologous chondro-
cyte implantation into acetabular lesions and found prom-
ising results at 3-year follow-up. MSCs have additionally
been shown to be safe and effective in the treatment of hip
OA for relieving pain and restoring function and range of
motion [27]. Additionally, other biologic therapies are
emerging withing the United States for sports medicine
and other orthopedic conditions [25]. However, due to
the nature of this review and the paucity of research sur-
rounding these additional biologics therapeutic methods,
this review focuses on the implementation of PRP, BMAC
and HA within hip preservation surgery.

Hip osteoarthritis
In 2006, Qvistgaard et al. [28] performed an RCT compar-
ing intra-articular injections of HA, corticosteroid, or iso-
tonic saline in the treatment of hip OA. Patients treated
with corticosteroids experienced significant improvement
in pain while patients treated with HA did not have signifi-
cant improvements. Despite three doses over the span of 6
weeks, the study found a small effect size between the
treatment groups, thus warranting further research for the
clinical efficacy of HA [28]. A subsequent RCT comparing
the use of intra-articular HA with the intra-articular anal-
gesic for treatment of hip OA found that intra-articular HA
is safe and has beneficial effects in the management of hip
OA [29]. Despite clinical effectiveness, this study had
lower power with only 42 patients split between the two
treatment arms. Additionally, Bowman et al. [30] per-
formed a review of prospective clinical trials investigating
the efficacy of HA injections in knee, hip and ankle OA. In
their search, they found support for superior pain relief of
HA injection over placebo in a number of studies. They
further concluded that several trials found HA to be more
effective than PRP in treatment of patients with mild to
moderate hip OA, but there is no clear evidence to prove
its ability to modify the morphological or radiological
changes of the pathological hip [30]. While it seems HA
has been shown to provide relief and is considered safe
and efficacious to use for hip OA, there may be other

treatment methods that provide longer-lasting relief. These
studies have shown that HA can provide relief in pain and
function, but for HA injections specifically, outcomes up to
6-month follow-up have been analyzed with little support
to determine endpoint treatment methods for osteoarthrit-
ic pain.

Preliminary studies evaluating the safety and efficacy of
intra-articular PRP injections for hip OA found that admin-
istration of PRP is associated with clinical improvement in
pain, regardless of the patient’s sex, age, body mass index
or OA grade despite no comparison to a control group and
a limited number of patients in both studies [31, 32].
Comparing the clinical efficacy of PRP versus HA,
Battaglia et al. [33] later found that ultrasound-guided,
intra-articular injections of PRP are as safe and efficacious
as HA in improving function and reducing pain in a cohort
of 100 patients at 12-month follow-up. A meta-analysis of
four RCTs comparing the benefits of PRP versus HA in
patients with hip OA found that while both PRP and HA
were comparable in terms of functional recovery, PRP
offered significant reductions in pain [34]. Dallari et al.
[35] performed an RCT to compare the therapeutic effi-
cacy of ultrasound-guided injections of autologous PRP,
HA or a combination of both (PRP þ HA) in hip OA.
Their results indicated that intra-articular PRP injections
offer significant clinical improvements in pain, function
and quality of life in patients with hip OA, a benefit that
was significantly more stable up to 12 months as compared
with the other tested treatments. However, additional
treatment of PRP þ HA did not lead to a significant im-
provement in pain symptoms [35]. Another study by
Doria et al. [36] performed an RCT comparing the clinical
efficacy of ultrasound-guided intra-articular injections of
PRP versus HA for treatment of early hip OA. Both groups
showed significant improvements in pain and functional
outcome measures at both 6- and 12-month follow-up,
without any major complications. The authors concluded
that, because PRP did not offer better results compared
with HA, it should not be considered as the first-line treat-
ment for hip OA [36].

With somewhat mixed results between these three RCT
studies, each of these studies had a maximum of 111
patients enrolled in the study, regardless of treatment arm.
Further investigations with a larger cohort could be benefi-
cial to supporting PRP as an effective biologic for the gen-
eral hip OA population. Additionally, standardization of
the dosage of PRP is needed to help determine the long-
term effectiveness of PRP. While three injections were uti-
lized in both RCTs by Dallari et al. and Doria et al., two
different conclusions were made at the 12-month follow-
up regarding the efficacy of PRP compared to HA. Further

8 � S. W. Sullivan et al.



evidence is needed to ultimately determine PRP’s use in
the treatment of hip OA.

Compared to PRP injections, there is a paucity of re-
search on the clinical efficacy of BMAC in the treatment of
hip OA. Rodriguez-Fontan et al. performed a prospective
cohort study, investigating the clinical outcomes of patients
undergoing intra-articular injection of BMAC for treatment
of early hip and knee OA. The outcomes in the study were
unpredictable with a 63.2% patient-reported satisfaction
rate [37]. However, this study was poorly designed without
any control group and backed by low power with only 19
patients. This certainly warrants further research to support
the efficacy of BMAC injections in the treatment of hip
OA. Overall, based on the available literature—biologic
options appear to be beneficial in the short term for the
treatment of mild to moderate hip OA. Medium to long-
term data (>12-month outcomes) is lacking in all forms of
biologic therapy.

Femoroacetabular impingement and labral tear pathology
Femoroacetabular impingement (FAI) was first described
in the English literature in 1999 and is now considered one
of the main causes of hip pain in the athletic population.
More recently, FAI had been identified as a predictor of
premature hip OA in the younger population [6]. FAI is
defined as a painful conflict between the acetabular rim
and the proximal femur during end-range hip motion [6].
While hip arthroscopy has become a primary treatment
method for recurrent symptomatic pain due to FAI, intra-
articular ultrasound-guided injection of HA has been sug-
gested to be a safe and effective non-surgical treatment
method. Abate et al. [38] found that intra-articular ultra-
sound-guided injection of HA significantly decreased pain
and improved function in patients with mild FAI who are
not yet candidates for surgery. Despite clinical effective-
ness, only 20 patients received three injections over the
span of six months. Higher powered studies and longer fol-
low-up should be conducted in future research to support
the efficacy found in HA in this specific study.

The application of biologics during arthroscopic FAI
surgery has also been studied. An RCT examined the
effects of intra-articular injection of PRP during hip arth-
roscopy with indication of FAI. The cohort treated with
PRP intraoperatively (N¼ 30) reported lower pain scores
48 h post-operatively and demonstrated fewer joint effu-
sions at 6-month follow-up. The study supported the use
of intraoperative PRP intra-articular injections to reduce
inflammation following hip arthroscopy but concluded
more research should be conducted to determine long-
term benefits [39]. Similarly, another RCT demonstrated

decreased inflammation and ecchymosis following hip arth-
roscopy with intra-articular PRP injections. Despite imme-
diate post-operative benefits, the study concluded that
PRP injections did not produce significant improvements
in outcomes at 1-year follow-up when comparing 20
patients who received PRP to 15 control patients without
PRP intra-articular injections [40]. In addition to PRP,
BMAC has been used intra-operatively for hip arthroscopy
procedures with indication of FAI. A 2020 study supported
that BMAC injections at the conclusion of the arthroscopy
procedure improve outcomes of both pain and function at
1- and 2-year follow-up [41]. Interestingly, there was not a
control group utilized in this study to determine how
BMAC specifically improved outcomes. Without an arm of
patients that underwent hip arthroscopy without BMAC
intra-articular injections, it is difficult to support the iso-
lated effect of BMAC on improvements in the visual ana-
log score, modified Harris hip score and international hip
outcome tool.

Within the context of hip labral repair, a 2015 prospect-
ive cohort study compared intraoperative PRP injections
(N¼ 91) and bupivacaine injections (N¼ 180), and at 2-
year follow-up, the study found no difference in both pain
and functional outcome measures. Despite no statistical
difference, the study group exhibited lower Harris hip
score scores than the control group (78.6 versus 82.6, re-
spectively). The study concluded that intraoperative PRP
injections do not appear to provide clinical improvements
in patients undergoing hip arthroscopy for labral pathology
[42]. Interestingly, this study was well-powered with 306
patients included in the study compared to previous lower-
powered studies specific to biologic use in FAI treatment.
Additionally, a 2019 systematic review of biological thera-
pies as an adjunct to hip arthroscopy for FAI similarly
found that PRP was ineffective for labral tear pathology at
short-term follow-up. The study further concluded that the
quality of the literature is low regarding biological treat-
ments for FAI and associated labral pathology and empha-
sized the lack of homogeneity in biologics research to
accurately measure the clinical efficacy of these treatment
methods [43]. A majority of the biologic literature in hip
arthroscopy focuses on intra-articular injections of PRP
and BMAC without much support for its efficacy in further
improving long-term and short-term outcomes in most
studies identified. However, there is support for reduced
inflammation and pain in the immediate post-operative
period when using a single intra-articular injection during a
hip arthroscopy procedure. This may be important to men-
tion in determining the optimal means of patient treatment
in hip preservation for FAI.
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Avascular necrosis of the femoral head
Biological treatments have also been used to treat avascular
necrosis of the femoral head. In a 2016 study, Mishima et
al. described a novel therapy for osteonecrosis of the fem-
oral head (ONFH) based on autologous bone marrow
grafting and low-intensity pulsed ultrasound. In a cohort of
14 patients, the study concluded that there were improve-
ments in pain and function with new bone formation, no
infection of the grafted bone marrow and no tumor devel-
opment at the treatment site. Of the 22 hips treated, 8 had
progression of collapse, but none required total hip arthro-
plasty [44]. Additionally, Pilge et al. investigated the bene-
fits of BMAC injection in combination with core
decompression (CD) for ONFH using a matched pair ana-
lysis. In this study, patients who received BMAC in add-
ition to CD had decreased pain, fewer joint symptoms,
improved range of motion and slower progression of dis-
ease. The study also found that additional BMAC applica-
tion prevents the collapse of the femoral head and
significantly reduces the necessity of further surgery,
including total hip replacement [45].

However, several studies have refuted clinically signifi-
cant effects after biological treatment for ONFH. A
randomized prospective cohort study followed 25 patients
that underwent CD for atraumatic ONFH with 11 of the
patients receiving an additional BMAC injection during
the CD procedure. The BMAC-treated cohort demon-
strated no benefit in clinical or radiological outcomes at 2-
year follow-up [46]. Similarly, Cruz-Pardos et al. [47]
studied the effectiveness of CD combined with injection of
autologous bone marrow concentration for treatment of
ONFH as compared to CD alone. The findings of the
study confirmed the safety of CD and autologous bone
marrow graft, but no significant difference in progression
to femoral head collapse was noted. Finally, Hauzer et al.
[48] also performed an RCT evaluating the effect of
BMAC in addition to CD in stage 3 ONFH as compared
to CD plus saline injection. Their findings showed no
benefit over a control saline injection for pain and func-
tional improvement, radiologic evolution and the eventual
requirement of total hip replacement.

Although previous studies exemplified mixed results in
the efficacy of a BMAC intra-articular injection alongside
CD for avascular necrosis, hip preservationists often utilize
BMAC in this patient population for various CD techni-
ques. One important point to make is that each study
examined retained relatively low power, often analyzing
cohorts of around 20 patients. Additionally, variance in the
efficacy of BMAC could have been attributed to multiple
factors including stage of collapse of the femoral head.
While BMAC may be useful for pre-collapsed patients,

high-grade osteonecrotic lesions may be considered too
advanced for BMAC, let alone CD, to be an effective treat-
ment method before resorting to arthroplasty or resurfac-
ing. Finally, it is important to standardize the outcomes
that are assessed in this population. Standardization of out-
come assessment and increasing the power of future stud-
ies will help to fortify the role of biologics, specifically
BMAC, in treatment of ONFH.

Gluteal tendinopathy and injury
Lateral hip pain, historically labeled as trochanteric bursitis,
is now characterized under the category of greater trochan-
teric pain syndrome (GTPS) with many common patholo-
gies [6]. Under the umbrella term of GTPS, gluteus
medius/minimus tendinopathy is a common cause of lat-
eral hip pain [49]. Despite the paucity of literature, bio-
logical treatment of gluteal tendinopathy has been
supported in the literature. Fitzpatrick et al. conducted an
RCT of 80 patients matched 1:1 to compare a single PRP
injection with a single corticosteroid injection in the treat-
ment of chronic gluteal tendinopathy. The study found
that patients treated with a single PRP injection achieved
greater pain and functional improvement at 12 weeks than
those treated with a single corticosteroid injection.
Additionally, a majority in the PRP group (82% compared
to 56.7 and in the control group) achieved the minimal
clinically important difference, a statistically significant dif-
ference [50]. A follow-up study published a year later
investigated the effect of leukocyte-rich PRP injection for
the treatment of chronic gluteal tendinopathy. Patients
treated with a single leukocyte-rich PRP injection had
greater improvements in pain and function and sustained
improvement at 2-year follow-up, whereas improvement in
pain and function was not sustained beyond 24 weeks in
patients treated with a single corticosteroid injection [51].
Despite clinically significant improvements in the PRP in-
jection group, there was crossover at 3 months post-opera-
tively that allowed patients in the control group to receive
a PRP injection. Although this study supported superior
outcomes for PRP injections, it is important for further re-
search to identify a similar pattern without patient cross-
over to determine the efficacy of this biologic therapeutic
method.

PRP injections have also been paired with needle tenot-
omy and fenestration with patient reported, therapeutic
success. A 2016 study treated 21 patients with chronic re-
calcitrant gluteus medius tendinopathy with ultrasound-
guided intratendinous PRP injections and needle tenot-
omy. At a minimum 12-month follow-up, all outcome
measures were clinically and statistically significant, and
the researchers concluded PRP injections to be a safe and
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effective treatment method for gluteal tendinopathy [52].
However, with low patient recruitment and the absence of
a control group, it is difficult to attribute outcome
improvements to the PRP injection to the needle tenot-
omy which has achieved clinically significant outcomes
alone in the hip preservation literature. To combat this
limitation, Jacobson et al. [53] conducted a study treating
30 patients with GTPS and underlying gluteal tendinosis
with either ultrasound-guided percutaneous tendon fenes-
tration (N¼ 15) or autologous PRP injection (N¼ 15).
They concluded that tendon fenestration and PRP injec-
tions were not statistically different, but both treatment
methods showed short-term improvements in pain and
function. With low patient recruitment, this study may not
have been adequately powered to deduce the results.
Despite clinical improvements following treatment with
PRP, further research should be conducted to determine
the long-term, clinical effectiveness of PRP compared to
standard of care. Additionally, further studies should aim
to increase patient recruitment for adequate power to de-
termine the effects of PRP in treating GTPS and tendinop-
athy of the gluteus medius/minimus, specifically.

Hamstring tendinopathy and injury
Similar to gluteal pathology, there is a paucity of research
examining the intraoperative effects of biological therapeut-
ic methods. However, few studies have discussed return to
play (RTP) following nonoperative management with the
use of PRP injections. A Hamid et al. [54] performed an
RCT investigating the use of a single PRP injection in the
treatment of grade 2 hamstring muscle injuries and its im-
pact on time to RTP. The study found that patients who
received a single autologous PRP injection combined with
rehabilitation had a significantly lower time to RTP and
lower pain severity scores than those using a rehabilitation
program alone. Despite clinically significant improvements
and shorter time to play, this study examined only 24
patients split between both groups utilizing rudimentary
RTP rates for their outcome measurement. Further out-
come assessment with standardized outcome measures and
follow-up periods are important to consider the effects of
PRP injections in this patient population.

On the other hand, some studies have questioned the
benefits of PRP injections. A 2019 pilot study comparing
image-guided PRP injections and steroid injections had
similar short-term results as the aforementioned study.
They found that the patients treated with PRP (N¼ 32)
had achieved more favorable self-reported pain reduction
at 1-week follow-up compared to the steroid group
(N¼ 24); however, at 4-week follow-up, the difference be-
tween the two groups was not statistically different [55].

Another 2019 cohort study found that ultrasound-guided
PRP injections had no significant change in patient-per-
ceived pain scores in 29 patients and 69% of patients
reported no change in RTP activity at 8-week follow-up
[56]. It is important to identify the limitations inherent
with a pilot study as well as a small cohort study, including
adequate power, effect sizes associated with the treatment
method and larger cohorts. Future research should identify
a larger subset of patients while investigating longer follow-
up to identify the positive effects of PRP injections for
proximal hamstring tendinopathy. While it is important to
further investigate the potential benefits of biological thera-
pies in the long-term, more evidence is necessary to also
determine the short-term benefits in hamstring injury re-
search beyond the paucity of data available in the current
literature.

C O N C L U S I O N
Despite lack of clear understanding, the clinical use of bio-
logics has increased in the United States. With the rise in
clinical use, the purpose was to review the literature regard-
ing the application and efficacy of biologics for common
hip conditions. Our review of the literature examined the
benefits of PRP, BMAC and HA in the following hip con-
ditions: hip OA, FAIS and associated labral tear pathology,
avascular necrosis of the femoral head and gluteal/ham-
string tendinopathy. Within the current orthopedic litera-
ture, we suggest that there is support for the
implementation of biologics to relieve pain and improve
function for hip conditions. However, it is important for
continued investigation to determine the extent of out-
come improvement attributed solely to each biologic thera-
peutic treatment within hip preservation.
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27. Mardones R, Jofré CM, Tobar L, Minguell JJ. Mesenchymal stem
cell therapy in the treatment of hip osteoarthritis. J Hip Preserv
Surg 2017; 4: 159–63.

28. Qvistgaard E, Christensen R, Torp-Pedersen S, Bliddal H. Intra-
articular treatment of hip osteoarthritis: a randomized trial of hya-
luronic acid, corticosteroid, and isotonic saline. Osteoarthritis
Cartilage 2006; 14: 163–70.

29. Migliore A, Massafra U, Bizzi E et al. Comparative, double-blind,
controlled study of intra-articular hyaluronic acid (Hyalubrix)
injections versus local anesthetic in osteoarthritis of the hip.
Arthritis Res Ther 2009; 11: R183.

30. Bowman S, Awad ME, Hamrick MW et al. Recent advances in
hyaluronic acid based therapy for osteoarthritis. Clin Transl Med
2018; 7: 6.

31. Battaglia M, Guaraldi F, Vannini F et al. Platelet-rich plasma
(PRP) intra-articular ultrasound-guided injections as a possible
treatment for hip osteoarthritis: a pilot study. Clin Exp Rheumatol
2011; 29: 754.

32. Sánchez M, Guadilla J, Fiz N, Andia I. Ultrasound-guided plate-
let-rich plasma injections for the treatment of osteoarthritis of the
hip. Rheumatol 2012; 51: 144–50.

33. Battaglia M, Guaraldi F, Vannini F et al. Efficacy of ultrasound-
guided intra-articular injections of platelet-rich plasma versus hyalur-
onic acid for hip osteoarthritis. Orthopedics 2013; 36: e1501-1508.

34. Ye Y, Zhou X, Mao S et al. Platelet rich plasma versus hyaluronic
acid in patients with hip osteoarthritis: a meta-analysis of random-
ized controlled trials. Int J Surg 2018; 53: 279–87.

35. Dallari D, Stagni C, Rani N et al. Ultrasound-guided injection of
platelet-rich plasma and hyaluronic acid, separately and in com-
bination, for hip osteoarthritis: a randomized controlled study.
Am J Sports Med 2016; 44: 664–71.

12 � S. W. Sullivan et al.

http://aoj.amegroups.com/article/view/4394
http://aoj.amegroups.com/article/view/4394


36. Doria C, Mosele GR, Caggiari G et al. Treatment of early hip
osteoarthritis: ultrasound-guided platelet rich plasma versus hya-
luronic acid injections in a randomized clinical trial. Joints 2017;
5: 152–5.

37. Rodriguez-Fontan F, Piuzzi NS, Kraeutler MJ, Pascual-Garrido C.
Early clinical outcomes of intra-articular injections of bone mar-
row aspirate concentrate for the treatment of early osteoarthritis
of the hip and knee: a cohort study. Pm R 2018; 10: 1353–9.

38. Abate M, Scuccimarra T, Vanni D et al. Femoroacetabular im-
pingement: is hyaluronic acid effective? Knee Surg Sports
Traumatol Arthrosc 2014; 22: 889–92.

39. Rafols C, Monckeberg JE, Numair J et al. Platelet-rich plasma aug-
mentation of arthroscopic hip surgery for femoroacetabular im-
pingement: a prospective study with 24-month follow-up.
Arthrosc J Arthrosc Relat Surg 2015; 31: 1886–92.

40. LaFrance R, Kenney R, Giordano B et al. The effect of platelet
enriched plasma on clinical outcomes in patients with femoroace-
tabular impingement following arthroscopic labral repair and
femoral neck osteoplasty. J Hip Preserv Surg 2015; 2: 158–63.

41. Rivera E, Seijas R, Rubio M et al. Outcomes at 2-years follow-up
after hip arthroscopy combining bone marrow concentrate. J
Investig Surg 2020; 33: 655–63.

42. Redmond JM, Gupta A, Stake CE et al. Clinical results of hip arth-
roscopy for labral tears: a comparison between intraoperative
platelet-rich plasma and bupivacaine injection. Arthrosc J Arthrosc
Relat Surg 2015; 31: 445–53.

43. Robinson PG, Murray IR, Maempel J et al. Use of biologics as an
adjunct therapy to arthroscopic surgery for the treatment of fem-
oroacetabular impingement: a systematic review. Orthop J Sports
Med 2019; 7: 2325967119890673.

44. Mishima H, Sugaya H, Yoshioka T et al. The safety and efficacy of
combined autologous concentrated bone marrow grafting and
low-intensity pulsed ultrasound in the treatment of osteonecrosis
of the femoral head. Eur J Orthop Surg Traumatol Orthop
Traumatol 2016; 26: 293–8.

45. Pilge H, Bittersohl B, Schneppendahl J et al. Bone marrow aspir-
ate concentrate in combination with intravenous iloprost
increases bone healing in patients with avascular necrosis of the
femoral head: a matched pair analysis. Orthop Rev 2016; 8: 6902.

46. Pepke W, Kasten P, Beckmann NA et al. Core decompression
and autologous bone marrow concentrate for treatment of fem-
oral head osteonecrosis: a randomized prospective study. Orthop
Rev 2016; 8: 6162.

47. Cruz-Pardos A, Garcia-Rey E, Ortega-Chamarro JA et al. Mid-
term comparative outcomes of autologous bone-marrow concen-
tration to treat osteonecrosis of the femoral head in standard
practice. Hip Int J Clin Exp Res Hip Pathol Ther 2016; 26: 432–7.

48. Hauzeur J-P, De Maertelaer V, Baudoux E et al. Inefficacy of au-
tologous bone marrow concentrate in stage three osteonecrosis: a
randomized controlled double-blind trial. Int Orthop 2018; 42:
1429–35.

49. Byrd JWT. Peritrochanteric access and gluteus medius repair.
Arthrosc Tech 2013; 2:e243–246.

50. Fitzpatrick J, Bulsara MK, O’Donnell J et al. The effectiveness of
platelet-rich plasma injections in gluteal tendinopathy: a random-
ized, double-blind controlled trial comparing a single platelet-rich
plasma injection with a single corticosteroid injection. Am J
Sports Med 2018; 46: 933–9.

51. Fitzpatrick J, Bulsara MK, O’Donnell J, Zheng MH. Leucocyte-
rich platelet-rich plasma treatment of gluteus medius and mini-
mus tendinopathy: a double-blind randomized controlled trial
with 2-year follow-up. Am J Sports Med 2019; 47: 1130–7.

52. Lee JJ, Harrison JR, Boachie-Adjei K et al. Platelet-rich plasma
injections with needle tenotomy for gluteus medius tendinop-
athy: a registry study with prospective follow-up. Orthop J Sports
Med 2016; 4: 232596711667169.

53. Jacobson JA, Yablon CM, Henning PT et al. Greater trochanteric
pain syndrome: percutaneous tendon fenestration versus platelet-
rich plasma injection for treatment of gluteal tendinosis. J
Ultrasound Med 2016; 35: 2413–20.

54. A Hamid MS, Mohamed Ali MR, Yusof A et al. Platelet-rich
plasma injections for the treatment of hamstring injuries: a
randomized controlled trial. Am J Sports Med 2014; 42: 2410–8.

55. Park PYS, Cai C, Bawa P, Kumaravel M. Platelet-rich plasma vs.
steroid injections for hamstring injury-is there really a choice?
Skeletal Radiol 2019; 48: 577–82.

56. Levy GM, Lucas P, Hope N. Efficacy of a platelet-rich plasma in-
jection for the treatment of proximal hamstring tendinopathy: a
pilot study. J Sci Med Sport 2019; 22: 247–52.

Biologics for hip preservation � 13


	tblfn1

