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Abstract

Background Innovations in biologics offer great promise
in the treatment of patients with orthopaedic conditions and
in advancing our ability to monitor underlying disease
pathophysiology. Our understanding of the pathophysiol-
ogy of hip osteoarthritis (OA) has improved significantly in
the last decade. Femoroacetabular impingement (FAI) and
hip dysplasia are increasingly recognized and treated as
forms of prearthritic hip disease, yet the inability of
radiographic and MR imaging to identify patients before
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the onset of irreversible articular cartilage injury limits
their use for early diagnosis and treatment of patients with
these conditions. Molecular biomarkers, as objectively
measureable indicators of the pathophysiology of hip OA,
have the potential to improve diagnosis, disease staging,
and prognosis of hip OA and prearthritic hip disease.
Although research into molecular biomarkers of hip OA
has been conducted, investigations in prearthritic hip dis-
ease have only recently begun.

Questions/purposes The purpose of our review was to
assess the use of molecular biomarkers in the pathophysi-
ology of hip OA, including (1) diagnosis; (2) disease
staging; and (3) prognosis. We additionally aimed to
summarize the available literature investigating the use of
biomarkers in (4) prearthritic hip disease, including FAI
and hip dysplasia.

Methods We conducted a systematic review of molecular
biomarkers associated with hip OA or prearthritic hip
disease by searching four major electronic databases for
keywords “hip”, “osteoarthritis”, “biomarker”, and all
synonyms. The search terms “femoroacetabular impinge-
ment” and “hip dysplasia” were also included. The
biologic source of biomarkers was limited to serum,
plasma, urine, and synovial fluid. The literature search
yielded a total of 2740 results. Forty studies met all criteria
and were included in our review. Studies were categorized
regarding their relevance to (1) diagnosis; (2) disease
staging; (3) prognosis; and/or (4) prearthritic hip disease.

Results Biomarker studies were characterized as relevant
to diagnosis (16 studies), disease staging (15 studies),
prognosis (11 studies), and prearthritic hip disease (three
studies). Sixteen different biomarkers demonstrated asso-
ciations relevant to the diagnosis of hip OA, 16 biomarkers
demonstrated similar associations for disease staging, and
six for prognosis. Six biomarkers seemed to be the most

@ Springer


http://dx.doi.org/10.1007/s11999-015-4148-6

1684  Nepple et al.

Clinical Orthopaedics and Related Research®

promising, demonstrating associations with hip OA in
multiple studies, including: urinary level of type II collagen
telopeptide (n = 5 studies), serum cartilage oligomeric
protein (n = 4 studies), and serum C-reactive protein
(n = 4 studies). Only three studies investigated the role of
biomarkers in prearthritic hip disease, including two in FAI
and one in unspecified etiology of pain. There were no
studies about biomarkers in hip dysplasia.

Conclusions Molecular biomarkers are increasingly
investigated for their use in evaluating the pathophysiology
of hip OA, but less so for prearthritic hip disease. Several
biomarkers have demonstrated significant associations with
hip OA across multiple studies. Further validation of these
biomarkers is needed to assess their clinical use and
potential application to prearthritic hip disease.

Introduction

Osteoarthritis (OA) is one of the most common conditions
in medicine, affecting almost 27 million people in the
United States alone. In particular, radiographic hip OA is
present in approximately one in four individuals older than
age 45 years [31]. The diagnosis of hip OA is made using
radiographs and is based on features like narrowing of the
femoroacetabular joint space, presence of osteophytes, and
subchondral cysts. Hip OA was once thought to be pre-
dominantly primary in etiology; however, structural
deformities increasingly are recognized as a potential risk
factor for hip OA [26, 32, 33, 41]. Bony morphology
associated with developmental dysplasia of the hip and
femoroacetabular impingement (FAI) has been shown to be
present in the majority of patients younger than age
50 years who present with hip OA [10]. The pathophysi-
ology of hip OA is increasingly viewed as a continuum,
progressing from an asymptomatic molecular phase, to a
preradiographic, then radiographic phase, and finally, to
end-stage OA [28]. Whereas hip OA may represent the
end-stage clinical condition, the pathophysiology of hip
OA appears to result from several distinct processes.
Research efforts into prearthritic hip disorders offer the
greatest potential to prevent or delay the onset of OA.
Molecular biomarkers of OA as intrinsic “indicators of
pathologic processes” [3] have shown promise as a link
between clinical status and disease pathology, yet no single
OA biomarker has yet been shown to possess adequate
sensitivity and specificity to allow for clinical use. Ongoing
research attempts to define a group of molecular bio-
markers with the greatest potential for future validation and
use in clinical practice. Clinical research in the last decade
has improved our understanding of and ability to treat
patients with prearthritic hip disease, including FAI and hip
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dysplasia. Early detection of disease progression remains a
challenge in these disorders and has generally relied on
imaging methods as the gold standard for identification of
early articular cartilage disease in the hip. However,
despite improvements in radiographic and MR imaging,
early identification of these patients remains challenging.
Additionally, patients with prearthritic hip disease often
have important and irreversible articular cartilage damage
at the time of presentation, although they often have not
had symptoms for long periods of time when they first
present for evaluation.

The Osteoarthritis Research Society International com-
mittee has worked to standardize biomarker investigations
by advocating use of the Burden of disease, Investigative,
Prognosis, Efficacy of Intervention, Diagnosis (BIPED)
criteria [45]—an acronym that represents categories in
which biomarkers can be applied to clinical practice.
Among the categories, three—diagnosis, burden of disease,
and prognosis—are particularly relevant to improving the
clinical management of patients with OA. A diagnostic
marker reflects the early alterations in the joint that dis-
tinguish individuals with disease from those without
disease, potentially allowing for early intervention. Mark-
ers of disease burden (subsequently referred to as disease
staging) reflect OA severity, and prognostic markers cor-
relate with the development and progression of disease
over time. Each of these stages offers a valuable clinical
opportunity, where identified biomarkers can serve as
objective measures for diagnosis, disease staging, and
predicting prognosis. However, the current literature on
biomarkers in the pathophysiology of hip OA is large and
spans several specialties making it difficult for the clinician
to fully understand this topic.

The purpose of our systematic review therefore was to
assess the use of molecular biomarkers in the pathophysi-
ology of hip OA, including (1) diagnosis; (2) disease
staging; and (3) prognosis. We additionally aimed to
summarize the available literature investigating the use of
biomarkers in (4) prearthritic hip disease, including FAI
and hip dysplasia.

Materials and Methods
Literature Search

A literature search was conducted in four major electronic
databases: MEDLINE (1966 to August 2014), Embase (1984
to August 2014), SCOPUS (1966 to August 2014), and CI-
NAHL (1937 to August 2014) in August 2014. The search
strategy, developed with the guidance of a clinical resource
librarian, featured keywords “hip”, “osteoarthritis”, and
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Table 1. Inclusion and exclusion criteria for systematic review

Inclusion criteria

1. Article studied OA and/or prearthritic conditions (eg, FAI hip dysplasia)

Study evaluated > 1 molecular biomarker

v

Biomarker levels were measured in serum, plasma, urine, or synovial fluid samples

Study compared patients with hip OA with either healthy control subjects, or, associated biomarker levels with radiographic phenotypes of

hip OA (KL) grade, JSN, rapidly destructive OA, slowly progressive OA, atrophic OA, hypertrophic OA, et al.

Article presented original data
Hip-specific data presented
Language of publication = English

® NS W

Human research, in vivo study
9. Age of subjects involved in research were adolescent or older

Exclusion criteria

1. Arthropathies secondary to rheumatoid arthritis, spondyloarthropathy, posttraumatic arthritis, or crystalline arthropathies

Study evaluated effect of arthroplasty on biomarker levels

DA

not include a healthy control group
6. Abstract-only publications

Study evaluated therapeutic interventions (eg, NSAIDs, hyaluronic acid, intraarticular corticosteroids) on biomarker levels
Study focused on imaging markers, genetic markers, or haplotype analysis

Study compared patients with OA to patients with other hip pathology (eg, femoral neck fracture, osteonecrosis, multisite OA) and/or did

OA = osteoarthritis; FAI = femoroacetabular impingement; KL = Kellgren-Lawrence; JSN = joint space narrowing; NSAIDs = nonsteroidal

antiinflammatory drugs.

“biomarker” in addition to all synonyms (eg, “biological
marker”, “molecular marker”) and plural forms. Keywords
“femoroacetabular impingement” and “hip dysplasia” were
specifically included because of the importance of these
prearthritic clinical states. The search also included the terms
“serum”, “plasma”, “urine”, and “synovial fluid” because
they represent sources of biomarkers with the greatest
potential for clinical application. A detailed explanation of
our search strategy is provided in the supplementary material
(Appendix 1; supplemental materials are available with the
online version of CORR®.).

The computerized database search yielded 1082 MED-
LINE results, 1721 Embase results, 1258 SCOPUS results,
and 174 CINAHL results, for a total of 2740 titles (after
duplicates were eliminated). Inclusion and exclusion cri-
teria for the systematic review were established (Table 1),
including data on biomarker levels in hip OA (or prear-
thritic hip disease) with comparison to control patients or
varying severity of hip OA. Two reviewers (KMT, TWA)
independently evaluated all search results by title and
abstract. Studies identified for potential inclusion by either
reviewer were then compiled and underwent full-text
review for assessment of inclusion. Disagreements were
resolved by a third reviewer (JJN), who made the final
determination of inclusion or exclusion. Studies that pre-
sented data for OA of multiple joints were included only if
hip subgroup data were available. Additionally, the

bibliographies of relevant articles were crossreferenced but
yielded no additional studies for final inclusion (Fig. 1).

Forty studies met final inclusion and exclusion criteria
and are summarized in supplementary material (Appendix
2; supplemental materials are available with the online
version of CORR™.). Relevant data were extracted by two
reviewers (KMT, TWA), including parameters of the study
population, study design, biomarker type, biomarker
source, assay methods, and statistical analyses of bio-
marker concentrations in different patient groups. Articles
were categorized according to their clinical relevance to
hip OA as diagnosis (n = 16), disease staging (n = 15),
prognosis (n = 11), or prearthritic hip disease (n = 3) (40
total studies, five studies in more than one category). We
summarized the literature relative to the four categories
used in our review and included any biomarker with a
significant association (generally p < 0.05) in definitive
analysis of given study in any of the four categories
(Tables 2-5); biomarkers failing to show statistically sig-
nificant associations in any category are summarized in
supplementary materials (Appendices 3-5, supplemental
materials are available with the online version of
CORR ™).

Sixteen “diagnosis” studies [9, 11, 18, 19, 21, 22, 25,
27, 34, 36-38, 40, 43, 44, 46] investigated the differences
in the levels of 34 different biomarkers between patients
with hip OA and control subjects without OA. Control
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Fig. 1 Flowchart shows literature search and screening strategy (inclusion/exclusion) of articles for study consideration. *Number includes

studies that overlapped between categories.

groups were generally comprised of asymptomatic indi-
viduals without evidence of radiographic hip OA. Fifteen
“disease staging” studies [1, 5, 6, 12—15, 18-20, 23, 42,
47-49] investigated the association between 41 different
biomarker levels and severity of hip OA. Studies reported
various methods to define hip OA severity, including rap-
idly destructive versus slowly progressive in six studies
[1, 5, 12, 18, 19, 49]; atrophic versus hypertrophic in two
studies [13, 14]; and radiographic OA classification in five
studies [6, 23, 42, 47, 48]. Two studies [15, 20] analyzed
minimum joint space width as a continuous variable rela-
tive to biomarker levels. Eleven “progression” studies
[7-9, 15, 17, 24, 29, 30, 35, 37, 39] investigated the
association of 13 different biomarker levels with the pro-
gression of hip OA. Of the 11 studies, four looked at
progression of known hip OA [9, 15, 37, 39]; three studies
investigated the progression to incident hip OA from
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unspecified prearthritic hip disease [8, 17, 29]; and four
studies investigated both OA progression and incidence [7,
24, 30, 35]. Duration of followup to evaluate OA pro-
gression ranged from 1 year to 15 years.

Three “prearthritic hip disease” studies [2, 4, 16]
investigated the role of three unique biomarkers in this
population.

No statistical analysis or meta-analysis was performed
given the heterogeneity of studies included. Glass’s delta
(d) was calculated to quantify the effect size with values
greater than 0.8 generally indicating large effects.

Results

A total of 33 different biomarkers demonstrated associa-
tions with hip OA.
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Diagnosis

A total of 16 different biomarkers demonstrated differences
between patients with hip OA and non-OA control subjects
(Table 2) Although most biomarkers were assessed in only
one “diagnosis” study, urinary level of type II collagen
telopeptide (uCTX-II) [19, 22, 37] and serum C-reactive
protein (CRP) [11, 21, 27] levels both were increased in
patients with hip OA in more than one study. In three
studies [19, 22, 37], uCTX-II levels were elevated in
patients with hip OA 1.3 to 3.1 times that of the control
group with associated effect size (d) of 2.2 to 3.7. Serum
CRP level was elevated in patients with hip OA compared
with control subjects in two studies (2.1-8.2 times greater
than control levels, d 1.0-28.7) [11, 21] while failing to
demonstrate an effect in another study [27]. Thirteen other
biomarkers demonstrated differences in levels between OA
and control patients in a single study (with approximately
70% demonstrating large effect sizes). Four biomarkers
demonstrating associations with hip OA in other categories
(disease staging, prognosis) failed to demonstrate associa-
tions for diagnosis of hip OA.

Disease Staging

Associations between hip OA severity and biomarker level
were noted for 16 biomarkers (Table 3). Urinary CTX-II
and serum CRP levels were the only biomarkers with
associations demonstrated in more than one study. Eleva-
tions in biomarker levels were noted with increasing
severity of disease for uCTX-II in two studies [18, 20] with
an effect size (d) of 0.8 in one study [18]. Serum CRP
levels were greater with more severe hip OA (1.3-2.9 times
greater, effect size d = 1.2-1.8) than those with less severe
OA. Increased levels of cartilage oligomeric protein
(COMP) were associated with increasing hip OA severity
in one study (effect size d = 4.9) [15] but not in three other
studies [6, 14, 20]. However, a recent study [6] demon-
strated increased levels of deamidated COMP (DCOMP) to
be associated with increasing hip OA severity as measured
by the Kellgren-Lawrence grade, whereas COMP demon-
strated no association.

Prognosis

Six different biomarkers were associated with hip OA
progression (Table 4), including elevations in COMP
(three studies [7, 15, 24]) and decreases in 25-OH Vitamin
D (two studies [8, 29]). However, all COMP studies
demonstrated relatively small effect sizes (d < 0.3).

Prearthritic Hip Disease

Bedi et al. [4] demonstrated elevations in COMP (effect
size d = 0.9) and CRP levels (effect size d = 3.1) in ath-
letes with symptomatic FAI compared with athletes with
asymptomatic (radiographically normal) hips (Table 5).
Dragomir et al. [16] found increased levels of COMP in a
cohort of patients reporting recent hip pain or pain during
hip examination (without a specific prearthritic diagnosis)
compared with normal control subjects (insufficient detail
to allow calculation of effect size). Abrams et al. [2]
demonstrated lower fibronectin aggrecan complex in
patients with FAI compared with a cohort of patients with
hip OA (effect size d = 0.7). No studies investigated bio-
markers in a prearthritic population, which included
patients with hip dysplasia.

Discussion

In this systematic review, we found that although more
than 70 biomarkers have been investigated in hip OA, none
have been validated for clinical use. The current literature
on biomarkers in the pathophysiology of hip OA is large
and spans several specialties making it difficult for the
clinician to fully understand this topic. Several biomarkers
appear to be particularly promising, having demonstrated
important associations with the pathophysiology of hip OA
in more than a single study (Table 6). Biomarkers are
generally viewed as a byproduct of the underlying disease
process rather than a cause of the disease. Urinary CTX-II
has demonstrated differences (five of five studies) includ-
ing those relevant to “diagnosis”, “disease staging”, and
“prognosis”. CTX-II is a major component of cartilage;
fragments of CTX-II found in serum or urine are derived
from turnover of cartilage and are thought to reflect the
structural integrity of cartilage. Other promising biomark-
ers include serum COMP (in five of eight studies, and,
additionally DCOMP in one study) and serum CRP (five of
nine studies). CRP is an acute phase protein produced by
the liver and acts as a nonspecific molecular marker of
systemic inflammation. COMP is an extracellular matrix
protein found abundantly in cartilage and released with
cartilage breakdown. However, recent evidence suggests
crossover of biomarkers between often used simplified
pathways, including cartilage metabolism, bone metabo-
lism, and inflammation. For example, several studies have
demonstrated an associated COMP association with
inflammatory biomarker clusters, suggesting COMP may
not be specific to cartilage breakdown but also associated
with inflammatory pathways [6]. Additionally, uHelix-1I
exhibited statistically associations with hip OA in both
diagnosis and disease staging within a single study.
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Table 6. Summary of significant biomarkers by category

Diagnosis Significant Severity Significant Prognosis Significant Prearthritic Significant

(n = 16) studies/total of hip OA studies/total (n=06) studies/total hip disease studies/
studies (n = 16) studies studies n=3) total studies

uCTX-1I 3/3 sCRP 2/4 sCOMP 3/3 sCOMP 22

sCRP 2/3 uCTX-1I 2/2 $25-OH Vit D 2/2 sCRP 1/1

sTGF-B1 172 sCOMP 1/4 SNTX 172 sfFAC 1/1

uHelix-1I 1/1 sDCOMP 1/1 uCTX-1I 1/1

uDPD 172 uHelix-II 1/1 STIMP-1 1/1

uPYD 1/1 sIL-6 12 sVCAM-1 1/1

sMMP-3 1/1 sIL-1B 1/1

sYKL-40 1/1 sIL-8 1/1

SAAT 1/1 sBSP 1/1

sCAT-D 1/1 sfC6S/C4S 1/1

sIL-10 1/1 sCP-1I 1/1

sIL-12p70 1/1 sICTP 1/1

sKS 1/1 stL.2-KS 1/1

sMMP-9 1/1 sLeptin 171

sNO 1/1 sTNF-a 1/1

ssIL4-R 1/1 sfTRACP-5B 1/1

OA = osteoarthritis; s25-OHVitd = serum25-hydroxyVitaminD; sAAT = serumalpha-lantitrypsin; sBSP = serumbonesialoprotein; sCAT-
D = serumcathepsinD; sCOMP = serumcartilageoligomericprotein; sCP-1I = serumC-propeptide; sCRP = serumC-reactiveprotein;
sDCOMP = serumdeaminatedcartilageoligomericprotein; sSICTP = serumcrosslinkingC-terminaltelopeptide; sIL = seruminterleukin; sIL-
12p70 = seruminterleukin12p70; ssIL4-R = serumsolubleIL-4receptor; sKS = serumkeratansulfate; sLeptin = serumleptin;, sMMP3 =
serummatrixmetalloproteinase-3; sMMP-9 = serummatrixmetalloproteinase-9; sNO = serumnitrousoxide; sNTX = serumN-terminaltelopep-
tide; STGF-B1 = serumtransforminggrowthfactorfl; sTIMP-1 = serumTIMPmetalloproteinaseinhibitorl; sTNF-oo = serumtumornecros
isfactor-alpha; sVCAM-1 = serumvascularcelladhesionmoleculel; sYKL-40 = serumhumancartilageglycoprotein39; sfC6S/C4S = synovialfluid-
chondroitin-6-sulfatetochondroitin-4-sulfateratio; sfFAC = serumfibronectin-aggrecancomplex; sfL2-KS = serumB-galactosyl-(1-4)-6-0-sulfo-N-

acetylglucosamine(L2fragmentofkeratansulfate);

sfTRACP-5B = serumtartrate-resistantacidphosphataseSb;

uCTX-II = urinarytypellcolla-

gentelopeptide; uDPD = urinarydeoxypyridinoline; uHelix-II = urinarytypellcollagenhelicaltelopeptide; uPYD = urinarypyridinoline.

Helix-II is a helical fragment derived from matrix metallo-
proteinase breakdown of type II collagen; urinary levels
have been studied as a potential biomarker specific for type
II collagen degradation and pathologies involving cartilage
matrix turnover. This group of biomarkers offers great
promise to investigations of prearthritic hip disease. Bio-
markers have not been well investigated with regard to
prearthritic hip conditions. Molecular biomarkers may
allow for early diagnosis and monitoring for disease pro-
gression in patients with prearthritic hip conditions. Hip
dysplasia and FAI are increasingly recognized and treated
to improve patient function and potentially avoid progres-
sion of hip OA. The pathophysiology and associated relevant
biomarkers may be different between FAI and hip dysplasia.

Our study has several limitations. The use of systemic
biomarkers (serum or urine) may be confounded by phys-
iologic or pathologic processes in other joints with
crossover on a given marker. Systemic biomarkers may
also be subject to more daily variation in levels based on
changes in time of day, activity level, and other factors.

@ Springer

Use of biomarkers in synovial fluid is limited by the small
amount of synovial fluid present and the difficulty in
accessing the fluid, particularly in the clinical setting.
Synovial fluid access at the time of surgery is more feasible
but often requires a lavage, which limits the accuracy of
biomarker concentration measurements [2]. Significant
heterogeneity exists across different studies that can be
difficult to adequately account for in a systematic review.
Even for an individual biomarker, studies do not always
agree; across studies, major differences in mean levels of the
same biomarker level of cohorts with hip OA have been
reported. The reason for such variation is difficult to deter-
mine but could include differences in assays used, disease
severities studied, and patient populations evaluated. In
general, most studies appear to be adequately powered to
detect large effect sizes. Additionally, although our study
summarizes the available literature, molecular biomarkers
with evidence found in only a single study are not empha-
sized, but such biomarkers could prove to be valuable as
supportive data from future studies become available.
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The potential for molecular biomarkers to allow for
diagnosis of early stages of hip OA has been investigated in
a number of studies but remains inadequate for clinical use
at this point. Sixteen biomarkers have demonstrated
potential in this area (Table 2). Both urinary CTX-II (three
of three studies) and serum CRP (two of three studies)
demonstrated potential to differentiate between patients
with hip OA and control subjects in more than one study.
Urinary CTX-II is felt to be a biomarker specific to carti-
lage breakdown but is not however specific to the hip.
Serum CRP on the other hand may have limited applica-
bility in clinical use in hip disease as a result of effects of
other underlying or transient conditions that may result in
inflammation. Nonetheless, the number of studies demon-
strating associations of hip OA and serum CRP suggests
that the pathophysiology of hip OA does result in inflam-
mation that can be detected on the systemic level. Although
numerous studies in the “diagnosis” category demonstrate
differences in mean levels between patients with hip OA
and control subjects, further research is needed to dem-
onstrate if any threshold biomarker levels are precise and
specific enough to be useful clinically.

The ability of molecular biomarkers to serve as indicators
of the severity of underlying hip degeneration is another
promising future use of biomarkers. Similar to the “diag-
nosis” category, uCTX-II (two of two studies) and serum
CRP (two of four studies) have the most evidence currently
supporting this function. Although serum COMP demon-
strated use in the “prognosis” category, only one of four
studies demonstrated a difference in “disease staging”.
Differences in study design do not clearly explain these
differences; thus, the use of COMP remains to be seen. A
recent study suggests that DCOMP may have more use in the
pathophysiology of hip OA than COMP, but further research
is needed. Although current literature focuses on varying
stages of hip OA, future research investigations including the
spectrum of prearthritic hip disease (including FAI and hip
dysplasia) are important. Clinically useful biomarkers would
need to reflect disease severity across this entire spectrum of
the pathophysiology of hip OA.

The potential for level of a biomarker to estimate a
patient’s prognosis is complex and relatively poorly
investigated currently. Elevations in biomarker level that
appear to affect prognosis may be confounded as markers
of disease severity. Serum COMP is the only biomarker
associated with OA prognosis in more than one study
(three studies). However, the effect sizes seen in all three
studies were relatively small (d < 0.3) and one study [7]
demonstrates contradicatory directions of significant asso-
ciations questions the value of COMP in this setting.
Urinary CTX-II was associated with OA prognosis in one
study. Definitive studies in this area would need to correct
for the baseline differences in disease severity based on

biomarker level to make valid conclusions. Additionally,
with the complicating role of surgical intervention in
prognosis, “prognosis” will be difficult to investigate in the
future.

Prearthritic hip disease presents the greatest potential for
clinical use of biomarkers in early diagnosis, disease
staging, and prognosis before the occurrence of irreversible
articular cartilage damage, which is present once radio-
graphic OA can be detected. Our improved understanding
of prearthritic hip disease now includes the recognition of
FAI and hip dysplasia as the two predominant causes of hip
OA. Surgical treatment of these conditions before end-
stage OA demonstrates clear differences in the patho-
physiology of these conditions that both ultimately can lead
to OA. The molecular biomarker profiles for these condi-
tions are likely different and may account for heterogeneity
in the current literature on biomarkers in hip OA that may
contribute to the lack of identification of a clinically useful
biomarker. The literature on biomarkers in prearthritic hip
disease is limited with three studies investigating three
different biomarkers [2, 4, 16] including two studies on
FAI, one on pain of unspecified etiology and no studies
investigated hip dysplasia. Bedi et al. [4] performed the
best study to date in a small population with FAI and
demonstrated differences in serum COMP and CRP com-
pared with control subjects. Further investigations of these
and additional biomarkers, particularly uCTX-II, in larger
populations are needed. Additionally, investigations in
populations with hip dysplasia are similarly needed. The
application of the available literature on biomarkers, from
established hip OA to future studies in FAI and hip
dysplasia, may allow for rapid advancement of our
understanding of biomarkers in this underinvestigated area
of OA pathophysiology before the development of OA.
Biomarker investigations in FAI and hip dysplasia should
include the subgroup of biomarkers identified in our review
as the most validated for hip OA and should similarly focus
on study designs that will allow for advancement of our
understanding of diagnosis, disease staging, and prognosis
of prearthritic hip disease and, thus, hip OA.

In summary, although no current biomarker of hip OA
has been adequately validated for clinical use, our sys-
tematic review found biomarkers exhibiting associations
with hip OA in more than one study including uCTX-II,
serum CRP, and serum COMP. Systemic biomarkers
(currently used or developed in the future) continue to offer
great potential for use in future clinical care but have some
associated limitation. Future research is needed to establish
the potential use of molecular biomarkers in a research or
clinical setting. Future applications of associated bio-
markers, from hip OA to prearthritic hip disease, including
FAI and hip dysplasia, offer great promise for early diag-
nosis, disease staging, and treatment.

@ Springer
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