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A B S T R A C T

Hip arthroscopy in patients with osteoarthritis has been shown to have suboptimal outcomes. Elevated cytokine
concentrations in hip synovial fluid have previously been shown to be associated with cartilage pathology. The
purpose of this study was to determine whether a relationship exists between hip synovial fluid cytokine concen-
tration and clinical outcomes at a minimum of 2 years following hip arthroscopy. Seventeen patients without
radiographic evidence of osteoarthritis had synovial fluid aspirated at time of portal establishment during hip arth-
roscopy. Analytes included fibronectin–aggrecan complex as well as a multiplex cytokine array. Patients com-
pleted the modified Harris Hip Score, Western Ontario and McMaster Universities Arthritis Index and the
International Hip Outcomes Tool pre-operatively and at a minimum of 2 years following surgery. Pre and post-
operative scores were compared with a paired t-test, and the association between cytokine values and clinical out-
come scores was performed with Pearson’s correlation coefficient with an alpha value of 0.05 set as significant.
Sixteen of seventeen patients completed 2-year follow-up questionnaires (94%). There was a significant increase
in pre-operative to post-operative score for each clinical outcome measure. No statistically significant correlation
was seen between any of the intra-operative cytokine values and either the 2-year follow-up scores or the change
from pre-operative to final follow-up outcome values. No statistically significant associations were seen between
hip synovial fluid cytokine concentrations and 2-year follow-up clinical outcome assessment scores for those
undergoing hip arthroscopy.

I N T R O D U C T I O N
Femoroacetabular impingement (FAI) is being increasingly
recognized as a common cause of hip pain in the young,
active patient population [1–6]. Longitudinal studies have
demonstrated that the presence of FAI increases the risk of
developing osteoarthritis (OA) [7, 8] through the abnor-
mal static and dynamic stresses applied to the labrum and
cartilage [9–11]. Treatment options for FAI vary widely
[12–14] and are typically dependent upon symptoms,
amount of OA present and osseous anatomy.

Multiple studies have demonstrated that the presence of
radiographic OA results in suboptimal improvement in
outcome scores following hip arthroscopy for FAI [15–
18]. Magnetic resonance imaging (MRI), frequently used
in the work up and evaluation of patients who are potential
candidates for FAI surgery, has variable sensitivity and spe-
cificity in the identification of cartilage lesions [19–22]. In
the absence of radiographic OA, however, arthroscopic sur-
gery to address cartilage and labral pathology as well as
abnormal femoral and acetabular contour has proven
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effective at improving clinical outcome scores and allowing
athletes to return to play [23–25].

Despite promising results, the revision rate after hip
arthroscopy has been shown to be as high as 6.3% [26].
While residual deformity is the most common reason for
revision hip arthroscopy [26], there has recently been an
increased emphasis on biological factors leading to subopti-
mal outcomes following hip arthroscopy. Ross et al. com-
pared three-dimensional hip morphology of symptomatic
hips prior to revision arthroscopy to the three-dimensional
morphology of a cohort of patients not requiring a revision
arthroscopy. Residual deformities were present in 45 of 50
patients (90%) in the cohort undergoing revision arthros-
copy [27]. Dwyer et al. [28] examined a cohort of 182 pa-
tients who had undergone revision arthroscopy and noted
that the location of chondral damage was an important
predictor of revision arthroscopy. Other studies investigat-
ing the clinical response following intra-articular anesthetic
injection or the relationship between femoral anteversion
and symptom resolution following arthroscopy for FAI
found no correlation [29, 30]. Several basic science and
clinical experiments have provided evidence for the role of
proinflammatory molecules in the development of arthritis.
Scuderi et al. [31] identified a protein complex of fibronec-
tin and aggrecan that was present in patients with a painful
meniscal tear that was absent in asymptomatic controls.
Our group previously reported the presence of an elevated
cartilage breakdown product [fibronectin–aggrecan com-
plex (FAC)] in patients with cartilage damage noted at the
time of hip arthroscopy. Fibronectin, a large glycoprotein,
and its proteolytic fragments have demonstrated to be
chondrolytic toward cultured cartilage explants in in vitro
studies [32, 33] and after injection into the knee joints of
animal models [32, 34, 35]. Aggrecan is a high-molecular-
weight proteoglycan component of the articular cartilage
extra-cellular matrix [36]. Fibronectin, by way of catabolic
cytokines, has been demonstrated to cleave aggrecan,
thereby leading to cartilage degradation and joint disease
[32].

As the presence of OA has shown to negatively affect
outcomes, it is possible that further detection of cartilage
or inflammatory pathology not evident on imaging or con-
ventional work up methods may assist in predicting clinical
response to arthroscopic intervention and therefore help in
determining the optimal surgical candidates.

The purpose of this study was to determine whether
hip synovial fluid cytokine concentrations correlated with
post-operative clinical outcomes at a minimum of 2 years
following hip arthroscopy for FAI. We hypothesized that
those with increased cytokine values would demonstrate
lower clinical outcome scores.

M A T E R I A L S A N D M E T H O D S
Institutional review board approval was received and in-
formed consent was obtained from each study participant.
Seventeen patients who underwent hip arthroscopy for
FAI and whom we previously reported cytokine values
were targeted for inclusion. These patients were recruited
from the arthroscopic arm of our previous study in which
we evaluated the cytokine concentrations in hips of those
patients undergoing either hip arthroscopy or arthroplasty.
Inclusion criteria for this cohort and the previous arthro-
scopic cohort included age greater than 18 years, signs and
symptoms of hip pain as well as imaging results consistent
with FAI and those patients electing to undergo hip arth-
roscopy. Exclusion criteria included radiographic evidence
of OA, history of prior trauma to the involved hip or his-
tory of inflammatory arthritis. Patients were recruited be-
tween June 2011 and July 2012. All patients presented
with the complaint of hip pain and underwent a thorough
work-up (history, physical exam, radiographs and MRI,
when applicable). Patients were offered surgical interven-
tion after a documented trial and failure of non-operative
treatment and clinical response following a diagnostic
intra-articular anesthetic injection.

Age, gender and medical comorbidities were recorded
at presentation. Each patient completed patient reported
clinical outcomes questionnaires prior to surgery [modified
Harris Hip Score (mHHS), Western Ontario and
McMaster Universities Arthritis (WOMAC) Index, and
the International Hip Outcomes Tool (iHOT-33)] and at
a minimum of 2 years following surgical intervention for
FAI. For follow-up on the mHHS, patients were asked
whether they had any limitations of motion. If they re-
sponded that their motion was normal, maximum scores
were given for this section of the mHHS. Intra-operative
findings recorded included articular cartilage and labrum
status, and operative procedure(s) performed included
microfracture, labral repair and/or labral debridement.
These procedures were performed at the discretion of the
treating surgeon. Standard practice at the time of this in-
vestigation was to perform microfracture for full-thickness
cartilage defects greater than 7 mm from the acetabular
rim, labral debridement when intra-substance labral tearing
was present and labral repair when chondrolabral separ-
ations were present.

Hip arthroscopy was performed in the supine position
on a fracture table. Each patient was prepped and draped
and traction was applied to the operative leg. The antero-
lateral portal was established with an 18-gauge spinal nee-
dle placed over a guide wire under fluoroscopic guidance.
After the camera was placed in the anterolateral portal, the
spinal needle was introduced to establish the posterolateral
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portal, which was visualized piercing the posterolateral cap-
sule and entering the joint. After portal establishment, syn-
ovial fluid was obtained by injecting 10 ml of sterile
normal saline intra-articularly and aspirating back the fluid.
The fluid was injected under pressure and allowed to wash
around the joint. All lavasate was collected prior to being
placed into 2-ml tubes with 130 ll of protease inhibitor
(Roche Diagnostics, Indianapolis, IN) and dissolved in
phosphate-buffered saline solution (0.045 tablet/ml sam-
ple) at a pH of 7.4. The tubes were then frozen at� 80�C
until cytokine analysis was performed.

The choice of inflammatory molecules assayed was rep-
resentative of typical molecules observed in a variety of in-
flammatory conditions. The synovial fluid biomarkers
measured were FAC, interferon-c, interleukin (IL)-6, IL-1
receptor (IL-1RA), IL-1b, monocyte chemoattractant pro-
tein-1, eotaxin, macrophage inflammatory protein-1b,
interferon-inducible protein 10, platelet-derived growth
factor-BB, regulated upon activation normal T cell ex-
pressed and presumably secreted, tumor necrosis factor-a,
and vascular endothelial growth factor. Following the
protocol established by the manufacturer, the concentra-
tions were determined through the use of a panel of
human multiplex inflammatory cytokines and the BioPlex
200 System (Bio-Rad Laboratories, Hercules, CA). The
assay was performed through the use of antibody linked
polystyrene beads with various fluorophore levels and has
been validated against standard enzyme-linked immuno-
sorbent assays (ELISA) [37]. The relative concentration of
each sample of each cytokine was compared with standard
positive and negative control concentrations provided by
the manufacturer. FAC concentration was reported as op-
tical density as determined by the use of a heterogeneous
sandwich ELISA [31].

Pre and post-operative questionnaire scores were com-
pared with a paired t-test and the association between
intra-operative cytokine concentration and post-operative
questionnaire score was performed with Pearson’s correl-
ation coefficient (SPSS v.21, IBM Incorporated,
Sommers, NY). An alpha value of 0.05 was set as
significant.

R E S U L T S
Follow-up clinical outcome scores for 16 of the 17 patients
(94%) were available at a minimum of 2-year follow-up.
The cohort consisted of 4 males and 12 females with an
average age of 38.9 6 11.2 years at the time of operation.
The mean follow-up time was 2.49 6 0.27 years. Of the 16
patients available for follow-up, 6 patients underwent both
cheilectomy and acetabuloplasty, 4 underwent acetabulo-
plasty, 2 underwent cheilectomy only and 4 underwent

neither acetabuloplasty nor cheilectomy but rather had la-
bral debridement or repair, chondroplasty or capsular pli-
cation. Seven underwent a labral repair, nine underwent
labral debridement and three underwent microfracture. No
patients that provided 2-year follow-up had undergone
interval operations on the operative hip.

Statistically significant pre-operative to post-operative
improvement was seen in mHHS (P< 0.0001), WOMAC
(P< 0.0001) and iHOT-33 (P< 0.0001) scores. The
mean mHHS improved from 61.9 to 82.5 {mean differ-
ence¼ 20.6 [95% confidence interval (CI) 13.6–27.6]},
WOMAC scores improved from 42.7 to 16.4 (mean differ-
ence¼�26.3 [95% CI 17.8–34.8]) and iHOT-33 scores
improved from 44.6 to 83.4 (mean difference¼ 38.9 [95%
CI 29.4–48.4]). The mean cytokine values for the entire
cohort are listed in Table I. Figure 1 demonstrates the
mean analyte concentration compared with measured
iHOT-33 score.

No significant correlation was seen between any of the
synovial fluid cytokine values and the 2-year follow-up out-
come scores. No significant correlation was found between
any cytokine value and the difference between pre-
operative and post-operative questionnaire scores.

Table I. Cytokine values in hip synovial fluid

Cytokine Mean SEM

FAC (OD) 1.052 0.361

IFN-c (qg/ml) 29.047 14.155

IL-6 37.853 20.534

IL-1RA 879.174 512.799

IL-1b 1.273 0.661

MCP-1 28.110 9.854

Eotaxin 7.915 4.661

MIP-1b 5.001 0.828

IP-10 171.073 43.704

PDGF-BB 262.348 159.806

RANTES 318.478 90.539

TNFa 62.043 34.918

VEGF 140.264 40.863

TNF, tumor necrosis factor; RANTES, regulated upon activation normal T cell
expressed and presumably secreted; IP-10, interferon-inducible protein 10; MIP,
macrophage inflammatory protein; MCP, monocyte chemoattractant protein;
IFN, interferon; VEGF, vascular endothelial growth factor; SEM, standard error of
the mean; OD, optical density; PDGF-BB, platelet-derived growth factor-BB.
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D I S C U S S I O N
This investigation sought to determine whether synovial
fluid cytokine concentrations correlated with clinical out-
comes at a minimum of 2 years following hip arthroscopy
for FAI. The hypothesis of increased cytokine concentra-
tions correlating to decreased clinical outcomes (or less
improvement in outcome scores) was not supported by
the data and no statistically significant relationship was
found between these measures.

The number of arthroscopic hip operations continues
to increase with the improved understanding of FAI as a
cause of hip pain. Radiographic evidence of severe pre-
operative OA has been repeatedly shown to be associated
with worse clinical outcomes [15–18]. Although arthros-
copy for FAI in patients with hip pain and without radio-
graphic evidence of OA has overall been effective at
improving pain and clinical outcome scores, a subset of
these patients do not achieve optimal outcomes.

There are many potential reasons for a lack of optimal
clinical outcomes following hip arthroscopy. The most
commonly cited cause of sub-optimal clinical outcome is
residual or incomplete correction of bony deformity [27,
38–40]. It is possible that OA of the hip at the time of the
initial FAI operation may be underreported, as these stud-
ies report those undergoing revision hip arthroscopy.
Patients with persistent hip pain after arthroscopic FAI sur-
gery, in the realm of hip OA, often are treated with hip

arthroplasty and thus not included in these aforementioned
revision hip arthroscopy series. Unaddressed hip instability
is yet another recognized cause of failed hip arthroscopy
[40, 41] and cadaveric studies examining capsular and la-
bral contributions to hip instability highlight the import-
ance of addressing and managing capsular defects [42, 43].

Additionally, early cartilage damage or joint inflamma-
tion, which may not be detectable by radiography or MRI,
may also contribute to poor post-operative outcomes. In
an investigation of patients requiring revision hip arthros-
copy, the presence of chondral damage on the anterior
acetabulum was a positive predictor for revision arthros-
copy [28]. Patients with evidence of mild chondral damage
of the anterior acetabulum were nearly two times more
likely to undergo revision, while those with moderate to se-
vere chondral damage on the anterior acetabulum were 1.5
times more likely to undergo revision [28]. Of note, the
presence of chondral damage to the femoral head and su-
perior, lateral and posterior acetabulum were not predictive
of revision.

This data, however, require patients to undergo surgery
to determine their status with regard to the need for revi-
sion surgery and/or post-operative outcomes. Rather, a
more suitable method to determine outcomes following
hip arthroscopy would be one in which surgical interven-
tion is not required. This could come in the form of pre-
operative assessment of joint status through a combination

Fig. 1. Mean concentration of all analytes broken down by patient groups. Patients were dichotomized into groups with a score below
(blue) and above (green) the median iHOT-33 value of the entire cohort.

232 � L. M. Shapiro et al.

Deleted Text: ,
Deleted Text: ,
Deleted Text: s
Deleted Text: in order 


of imaging as well as cytokine profiling, which could be ob-
tained through pre-operative aspiration potentially at the
same time as a diagnostic injection or arthrogram. Our
group’s previous study collected hip synovial fluid from a
cohort undergoing arthroscopy (those who had minimal to
no radiographic OA) and another cohort undergoing
arthroplasty (those who had radiographic evidence of OA)
and analyzed the cytokine concentration differences be-
tween cohorts. This work identified a biomarker (FAC),
which was shown to be elevated in patients undergoing hip
arthroscopy for FAI when compared to those undergoing
arthroplasty for OA. Additionally, it was found that those
patients undergoing arthroscopy who were noted to have
cartilage loss requiring microfracture at the time of opera-
tive intervention had elevated levels of FAC compared to
those with less cartilage loss who did not meet the indica-
tion for microfracture [44]. This previous study did not
find a relationship between biomarker concentration and
pre-operative assessment scores; however, it did not study
the relationship between cytokine concentration and
change in outcome scores.

Although the data presented in this study do not sup-
port the ability of cytokine concentrations to predict clin-
ical outcomes, there is potential to identify a subset of
biomarkers, which will not only lead to better patient selec-
tion and pre-operative counseling but may also lead to a
better understanding of hip pain and avenues by which to
direct potential therapeutic targets. The ability to deter-
mine cartilage status via synovial fluid aspirate may be use-
ful in predicting joint pathology prior to surgical
intervention and therefore help to determine which pa-
tients may be most amenable to intervention for FAI.

This investigation is not without its limitations. The
lack of significant correlation between cytokine values and
patient reported outcome assessments may be due to the
fact that 2-year follow-up may not be long enough to de-
tect clinical differences between patients who may respond
more positively to arthroscopic intervention in the hip.
Dwyer et al. [28] reported that revision operations
occurred at an average of 3.1 6 2.8 years after the index
operation. Additionally, it may be due to the large variabil-
ity of cytokine concentrations that were observed between
patients. While no normative data exist regarding synovial
fluid cytokine concentrations in those with FAI, gene ex-
pression profiles of synovial fluid in hips with rapidly de-
structive coxopathy, OA, osteonecrosis and rheumatoid
arthritis also demonstrated large variations in IL-1b, IL-6,
IL-8 and tumor necrosis factor-a between subjects [45].
Finally, it is possible this study was underpowered to detect
a significant difference in some of the attempted analyses.
For example, a post-hoc power analysis revealed that to see

a statistically significant correlation between FAC concen-
tration and post-operative mHHS scores, 44 patients per
group would have been required. To conclude that a statis-
tically significant correlation existed between FAC and
iHOT-33 scores, 58 patients per group would have been
needed. Given the sample size of 17 patients, this study
was not powered to detect significant correlations between
FAC and clinical outcomes based on these post-hoc ana-
lyses. Furthermore, it is possible there was a dilutional ef-
fect that influenced the synovial fluid samples. Great care
was taken to adhere to the sample collection protocol
while performing the lavage and obtaining the aspirations.
Despite the fact that the volume of saline injected was
standardized, it is possible that the presence of a joint effu-
sion created a dilutional effect that influenced the sample
obtained. This limitation is likely minimal as no significant
joint effusions were present at time of aspiration. Lastly,
the presence of blood contamination in the aspirates is
inevitable. Although there were no apparently grossly con-
taminated samples, the effect of blood and other contamin-
ants on cytokine concentrations is not well described.

C O N C L U S I O N
There was no correlation between synovial fluid cytokine
concentrations and post-operative clinical outcome scores
at a minimum of 2 years following hip arthroscopy for FAI.
Larger and longer-term investigations are warranted to fur-
ther evaluate the relationship of intra-operative cytokine
concentration and clinical outcomes after hip arthroscopy.

F U N D I N G
Cytonics Inc. donated the ELISA kits and performed the cytokine
analysis.

C O N F L I C T O F I N T E R E S T S T A T E M E N T
G.D.A. serves as a consultant and has stock options in
Cytonics, Inc. and G.J.S. serves as President and Founder,
Cytonics Inc.

R E F E R E N C E S

1. Clohisy JC, Knaus ER, Hunt DM et al. Clinical presentation of
patients with symptomatic anterior hip impingement. Clin Orthop
Relat Res 2009; 467: 638–44.

2. Colvin AC, Harrast J, Harner C. Trends in hip arthroscopy.
J Bone Joint Surg Am 2012; 94: e23.

3. Glick JM, Valone F 3rd, Safran MR. Hip arthroscopy: from the
beginning to the future–an innovator’s perspective. Knee Surg
Sports Traumatol Arthrosc 2014; 22: 714–21.

4. Kuhlman GS, Domb BG. Hip impingement: identifying and
treating a common cause of hip pain. Am Fam Physician 2009;
80: 1429–34.

Cytokines as a predictor of clinical response � 233

Deleted Text: s
Deleted Text: ,
Deleted Text: es
Deleted Text: ,
Deleted Text:  [28]
Deleted Text: s
Deleted Text:  (RDC)
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: TNF
Deleted Text:  
Deleted Text: in order 
Deleted Text:  
Deleted Text: CONFLICTS OF INTEREST
Deleted Text: &hx2013; 
Deleted Text: &hx2013; 


5. Montgomery SR, Ngo SS, Hobson T et al. Trends and demo-
graphics in hip arthroscopy in the United States. Arthroscopy
2013; 29: 661–5.

6. Sankar WN, Nevitt M, Parvizi J et al. Femoroacetabular impinge-
ment: defining the condition and its role in the pathophysiology of
osteoarthritis. J Am Acad Orthop Surg 2013; 21 Suppl 1: S7–15.

7. Agricola R, Heijboer MP, Bierma-Zeinstra SM et al. Cam im-
pingement causes osteoarthritis of the hip: a nationwide prospect-
ive cohort study (CHECK). Ann Rheum Dis 2013; 72: 918–23.

8. Nicholls AS, Kiran A, Pollard TC et al. The association between
hip morphology parameters and nineteen-year risk of end-stage
osteoarthritis of the hip: a nested case-control study. Arthritis
Rheum 2011; 63: 3392–400.

9. Bedi A, Dolan M, Leunig M et al. Static and dynamic mechanical
causes of hip pain. Arthroscopy 2011; 27: 235–51.

10. Ganz R, Parvizi J, Beck M et al. Femoroacetabular impingement:
a cause for osteoarthritis of the hip. Clin Orthop Relat Res 2003;
417: 112–20.

11. Harris WH. Etiology of osteoarthritis of the hip. Clin Orthop
Relat Res 1986; 213: 20–33.

12. Hunt D, Prather H, Harris Hayes M et al. Clinical outcomes ana-
lysis of conservative and surgical treatment of patients with clin-
ical indications of prearthritic, intra-articular hip disorders. Pm R
2012; 4: 479–87.

13. Larson CM, Giveans MR. Arthroscopic management of femoroa-
cetabular impingement: early outcomes measures. Arthroscopy
2008; 24: 540–6.

14. Matheney T, Kim YJ, Zurakowski D et al. Intermediate to long-
term results following the Bernese periacetabular osteotomy and
predictors of clinical outcome. J Bone Joint Surg Am 2009; 91:
2113–23.

15. Horisberger M, Brunner A, Herzog RF. Arthroscopic treatment
of femoral acetabular impingement in patients with preoperative
generalized degenerative changes. Arthroscopy 2010; 26: 623–9.

16. Kim KC, Hwang DS, Lee CH et al. Influence of femoroacetabular
impingement on results of hip arthroscopy in patients with early
osteoarthritis. Clin Orthop Relat Res 2007; 456: 128–32.

17. Larson CM, Giveans MR, Taylor M. Does arthroscopic FAI cor-
rection improve function with radiographic arthritis? Clin Orthop
Relat Res 2011; 469: 1667–76.

18. Skendzel JG, Philippon MJ, Briggs KK et al. The effect of joint
space on midterm outcomes after arthroscopic hip surgery for
femoroacetabular impingement. Am J Sports Med 2014; 42:
1127–33.

19. Byrd JW, Jones KS. Diagnostic accuracy of clinical assessment,
magnetic resonance imaging, magnetic resonance arthrography,
and intra-articular injection in hip arthroscopy patients. Am J
Sports Med 2004; 32: 1668–74.

20. Gold SL, Burge AJ, Potter HG. MRI of hip cartilage: joint morph-
ology, structure, and composition. Clin Orthop Relat Res 2012;
470: 3321–31.

21. Palmer WE. Femoroacetabular impingement: caution is war-
ranted in making imaging-based assumptions and diagnoses.
Radiology 2010; 257: 4–7.

22. Schmid MR, Notzli HP, Zanetti M et al. Cartilage lesions in the
hip: diagnostic effectiveness of MR arthrography. Radiology 2003;
226: 382–6.

23. Fabricant PD, Heyworth BE, Kelly BT. Hip arthroscopy improves
symptoms associated with FAI in selected adolescent athletes.
Clin Orthop Relat Res 2012; 470: 261–9.

24. Nho SJ, Magennis EM, Singh CK et al. Outcomes after the
arthroscopic treatment of femoroacetabular impingement in a
mixed group of high-level athletes. Am J Sports Med 2011; 39
Suppl: 14s–9s.

25. Philippon MJ, Briggs KK, Yen YM et al. Outcomes following hip
arthroscopy for femoroacetabular impingement with associated
chondrolabral dysfunction: minimum two-year follow-up. J Bone
Joint Surg Br 2009; 91: 16–23.

26. Harris JD, McCormick FM, Abrams GD et al. Complications and
reoperations during and after hip arthroscopy: a systematic re-
view of 92 studies and more than 6,000 patients. Arthroscopy
2013; 29: 589–95.

27. Ross JR, Larson CM, Adeoyo O et al. Residual deformity is the
most common reason for revision hip arthroscopy: a three-di-
mensional CT study. Clin Orthop Relat Res 2015; 473: 1388–95.

28. Dwyer M, Lee JA, McCarthy JC. Acetabular cartilage status pre-
dicts revision procedures in patients undergoing hip arthroscopy.
ISHA 2014 6th Annual Scientific Meeting of the International
Society for Hip Arthroscopy; 2014 Oct 9–11. Rio de Janeiro, Brazil,
2014.

29. Ferro FP, Philippon MJ, Briggs KK. Clinical outcomes after hip
arthroscopy for femoroacetabular impingement are equivalent
among patients with normal, hip and low formal version. ISHA
2014 6th Annual scientific meeting of the International Society for
Hip Arthroscopy; 2014 Oct 9–11. Rio de Janeiro, Brazil, 2014.

30. Krych AJ, Sousa PL, Kuzma SA et al. Does relief from intra-articu-
lar anesthetic injection predict outcome after hip arthroscopy?
ISHA 2014 6th Annual scientific meeting of the International Society
for Hip Arthroscopy; 2014 Oct 9–11. Rio de Janeiro, Brazil, 2014.

31. Scuderi GJ, Woolf N, Dent K et al. Identification of a complex be-
tween fibronectin and aggrecan G3 domain in synovial fluid of pa-
tients with painful meniscal pathology. Clin Biochem 2010; 43:
808–14.

32. Homandberg GA, Davis G, Maniglia C et al. Cartilage chondroly-
sis by fibronectin fragments causes cleavage of aggrecan at the
same site found in osteoarthritic cartilage. Osteoarthritis Cartilage
1997; 5: 450–3.

33. Homandberg GA, Meyers R, Xie DL. Fibronectin fragments
cause chondrolysis of bovine articular cartilage slices in culture.
J Biol Chem 1992; 267: 3597–604.

34. Homandberg GA, Kang Y, Zhang K et al. A single injection of
fibronectin fragments into rabbit knee joints enhances catabolism
in the articular cartilage followed by reparative responses but also
induces systemic effects in the non-injected knee joints.
Osteoarthritis Cartilage 2001; 9: 673–83.

35. Williams JM, Zhang J, Kang H et al. The effects of hyaluronic
acid on fibronectin fragment mediated cartilage chondrolysis in
skeletally mature rabbits. Osteoarthritis Cartilage 2003; 11:
44–9.

36. Wantanabe H, Yamada Y, Kimata K. Roles of aggrecan, a large
chondroitin sulfate proteoglycan, in cartilage structure and func-
tion. J Biochem 1998; 124: 687–93.

37. de Jager W, te Velthuis H, Prakken BJ et al. Simultaneous detec-
tion of 15 human cytokines in a single sample of stimulated

234 � L. M. Shapiro et al.



peripheral blood mononuclear cells. Clin Diagn Lab Immunol
2003; 10: 133–9.

38. Bogunovic L, Gottlieb M, Pashos G et al. Why do hip arthroscopy
procedures fail? Clin Orthop Relat Res 2013; 471: 2523–9.

39. Heyworth BE, Shindle MK, Voos JE et al. Radiologic and intrao-
perative findings in revision hip arthroscopy. Arthroscopy 2007;
23: 1295–302.

40. Philippon MJ, Schenker ML, Briggs KK et al. Revision hip arth-
roscopy. Am J Sports Med 2007; 35: 1918–21.

41. McCormick F, Slikker W 3rd, Harris JD et al. Evidence of capsu-
lar defect following hip arthroscopy. Knee Surg Sports Traumatol
Arthrosc 2014; 22: 902–5.

42. Bayne CO, Stanley R, Simon P et al. Effect of capsulotomy on hip
stability-a consideration during hip arthroscopy. Am J Orthop
(Belle Mead NJ) 2014; 43: 160–5.

43. Myers CA, Register BC, Lertwanich P et al. Role of the acetabular
labrum and the iliofemoral ligament in hip stability: an in vitro bi-
plane fluoroscopy study. Am J Sports Med 2011; 39 Suppl:
85s–91s.

44. Abrams GD, Safran MR, Shapiro LM et al. Fibronectin-aggrecan
complex as a marker for cartilage degradation in non-arthritic
hips. Knee Surg Sports Traumatol Arthrosc 2014; 22: 768–73.

45. Abe H, Sakai T, Ando W et al. Synovial joint fluid cytokine levels
in hip disease. Rheumatology (Oxford) 2014; 53: 165–72.

Cytokines as a predictor of clinical response � 235


	hnw013-TF1

