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Decreased Synovial Inflammation in Atraumatic Hip
Microinstability Compared With Femoroacetabular

Impingement

Geoffrey D. Abrams, M.D., Ayala Luria, Ph.D., Joshua Sampson, M.D.,

Rachel A. Madding, B.S., William H. Robinson, M.D., Marc R. Safran, M.D., and
Jeremy Sokolove, M.D.
Purpose: To compare the inflammatory profile of hip synovial tissue in those with atraumatic microinstability to patients
with femoroacetabular impingement (FAI). Methods: Patients with cam and mixed-type FAI (FAI group) and patients
with hip instability underwent sampling of the anterolateral synovium. Demographic data, intraoperative measurements,
and functional outcome scores (International Hip Outcomes Tool and Short Form-12) were recorded. Cryosections were
stained and examined under light microscopy as well as confocal fluorescent microscopy for anti-CD45 (common
leukocyte antigen), anti-CD31 (endothelial), and anti-CD68 (macrophage) cell surface markers. A grading system was
used to quantify synovitis under light microscopy whereas digital image analysis was used to quantify immunofluores-
cence staining area. Comparison were made with Student t test, Mann-Whitney U, c2, and regression analysis.
Results: There were 12 patients in the FAI group and 5 in the instability group. Mean age was not significantly different
(P > .05), but there was a significantly greater proportion of females in the instability group versus the FAI group
(P < .001). There was a significant correlation (r ¼ 0.653; P ¼ .005) between number of turns needed for 10 mm of
distraction and increased synovitis. Synovitis scores also were increased significantly in patients with cam morphology and
articular cartilage damage (P ¼ .024) versus those without. Immunohistochemistry did not reveal differences (P > .082)
between the instability and FAI groups, but CD68 staining was significantly greater in those with cam morphology and
cartilage damage (P < .045). CD45þ/CD68� cells were noted in the perivascular area while CD45þ/CD68þ cells were
noted within the synovial lining in both groups. Conclusions: Increased synovial inflammation was associated with an
increased number of turns to achieve joint distraction. Both instability and FAI groups demonstrated baseline levels of
synovial inflammation. Synovitis scores also were increased in patients with cartilage damage. Clinical Relevance: An
understanding of the molecular and cellular mechanisms behind both hip instability and FAI may lead to novel therapeutic
anti-inflammatory therapy, which may serve as an adjunct to treatment of mechanical abnormalities in this conditions.
traumatic hip microinstability is a poorly understood
Aclinical entity that is emerging as a common cause of
hip pain and dysfunction in the younger and more active
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patient population.1-7 Because a diagnosis of instability re-
quires perceived pain, the condition is defined as extrap-
hysiologic hip motion associated with pain. The
pathoanatomy behind the disorder is thought to be related
to subtle underlying anatomic abnormalities (whether
osseous or soft tissue) or ligamentous laxity and associated
periarticular muscular weakness in the setting of repetitive
hip joint loading and rotation.7 These factors can result in
excessive motion of the femoral head on the acetabulum,
leading to damage to the labrum and articular cartilage.1

Some groups have reported that this excessive motion can
include not only rotation of the femoral head but
also translation within the acetabulum.2,8 In contrast,
femoroacetabular impingement (FAI) results from
an aspherical femoral headeneck junctionwith or without
acetabular rimover coverage.9 Thismay lead tomechanical
abutment of the femur on the acetabulum and subsequent
urgery, Vol 33, No 3 (March), 2017: pp 553-558 553
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damage to intra-articular structures within physiologic
ranges of motion.
Abnormalities leading to excessive motion of the

femoral head on the acetabulum can lead to joint
damage either through mechanical wear or by stimu-
lation of an inflammatory response through the innate
immune system.10,11 In the past, degenerative condi-
tions of joints, such as osteoarthritis, have been
considered noninflammatory diseases.12 Inflammation,
however, has been identified within disorders previ-
ously considered “noninflammatory,” including osteo-
arthritis,10,13 rotator cuff pathology,14,15 as well as
FAI.16 The synovium plays an important role in this
process because a variety of immune system cells
localize to the synovium during joint injury17 and
therefore likely play a role in the development and
perpetuation of the inflammatory state.
The molecular pathology underlying hip instability is

not understood. The purpose of this study was to
compare the inflammatory profile of hip synovial tissue
in those with atraumatic microinstability with patients
with FAI. We hypothesized that patients with atrau-
matic microinstability would demonstrate less synovial
inflammation versus those with FAI.
Fig 1. Arthroscopic image of a right hip viewed through the
anterolateral portal. The arthroscopic biter has been placed
through the midanterior portal to biopsy the anterolateral
synovium just adjacent to the labrum.
Methods
All patients provided informed consent for tissue

biopsy and functional outcome assessment under an
institutional review boardeapproved protocol (Protocol
30479 approved by Stanford University institutional
review board). Inclusion criteria was hip pain without
radiographic evidence of osteoarthritis (Tönnis grade
0-1) as well as a self-reported pain decrease of at least
50% with a diagnostic injection with 0.5% ropivacaine
without corticosteroid given under fluoroscopic guid-
ance by a musculoskeletal radiologist. Exclusion criteria
were previous surgery on the hip, lateral center edge
angle of Wiberg less than 20�,18 known inflammatory
arthritis, use of anti-inflammatory medication within
1 week of surgery, current use or history of immuno-
suppressive medication, and Tönnis grade 2 or greater
osteoarthritis of the hip. Patients were diagnosed with
cam, pincer, or mixed-type impingement based on
clinical examination and imaging studies as previously
described by Ganz et al.9 A preoperative diagnosis of hip
instability is based on supine hyperexternal rotation
(increased external rotation in the supine position vs
the contralateral limb), a positive hyperextension-
external rotation test defined as the presence of pain,
a Beighton score of 6 or greater,19 as well as a lack of
significant cam (alpha angle <50� in all cases) or pincer
abnormalities (lateral center edge angle of Wiberg <34�

in all cases) on plain radiographs. Because there is no
definitive preoperative test to confirm atraumatic
instability, intraoperative distraction was used to
confirm the preoperative diagnosis of instability based
on a previously published methodology.4

Preoperative data recorded included age, sex, center
edge angle of Wiberg, and alpha-angle (Centricity
Picture Archiving and Communications System; GE
Health Care, Little Chalfont, United Kingdom) as
well as the International Hip Outcomes Tool e Short
Version20 and Short Forme12. Intraoperative data
recorded included the presence of a labral tear, cartilage
status (as determined by the Outerbridge classification
system as well as the need for microfracture), and
surgical procedures performed, including labral repair,
cheilectomy, acetabuloplasty, and microfracture.
After induction of anesthesia, gross traction was

applied to the limb to remove slack and then the number
of turns of the traction table (YUNO OTN table; Maquet
GmbH, Rastatt, Germany) to achieve 10 mm of joint
distraction was recorded. Lower extremity positioning
and distraction was performed by the same individual in
all cases. After proper pelvis positioning against a
centralized perineal post and abduction of the nonoper-
ative leg, traction initially was performed on the opera-
tive extremity by the use of only bodyweight (the “water
ski” position). The operative extremity was positioned in
neutral flexion/extension, neutral abduction/adduction,
and neutral internal/external rotation. There was no
change in body weight of the person performing the
distraction throughout the study period.
For each case, a standard anterolateral viewing

portal was created by the use of fluoroscopic guidance
and a subsequent midanterior portal was made with
direct visualization. Arthroscopic fluid was allowed to
fill the joint, and tissue biopsies were obtained from
the anterolateral synovium at approximately the
1:30-o’clock position (Fig 1).

Light Microscopy Analysis
Biopsy specimens were frozen at �80�C in optimum

cutting temperature compound (Tissue-Tek, Torrance,
CA) and 10-mm cryosections were cut and affixed on



Table 1. Patient Demographics and Group Details

FAI Group
(n ¼ 12)

Instability Group
(n ¼ 5) P Value

Age, mean � SD, yr 34.5 � 12.2 30.8 � 14.0 .595
Male/female, n 9/3 0/5 .009
FAI diagnosis, n
(cam/pincer/mixed)

6/1/5 e

Alpha angle,
mean � SD, �

58.4 � 4.0 50.1 � 5.2 .011

Center edge angle,
mean � SD, �

30.9 � 6.2 28.6 � 4.8 .474

FAI, femoroacetabular impingement; SD, standard deviation.
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glass slides. Sections from 3 different depths of the
sample were used to obtain a representative sample of
the entire specimen. Tissue was stained with hema-
toxylin and counterstained with eosin as detailed
previously.21 Light microscopy was used to calculate a
synovitis score, which has been previously described
and validated.22,23 The synovitis score consists of
3 separate components (lining cell layer, synovial
stroma, and inflammatory infiltrate) each graded on a
scale of 0-3 points. Scores are added to achieve a final
synovitis score. Samples were blinded and scored twice
by 2 separate observers (G.D.A., J.S.), with the final
score being the average of each evaluation.

Immunofluorescence Analysis
Cryosections were cut and placed on slides as

described previously. Slides were fixed with 4% para-
formaldehyde in 1� phosphate-buffered saline.
Blocking was performed with 1% bovine serum albu-
min and 1% normal goat serum. Slides were incubated
with monoclonal anti-human CD31 (Thermo Fisher
Scientific, Waltham, MA) and anti-human CD45 anti-
bodies (BioLegend, San Diego, CA) overnight followed
by secondary conjugated antibodies of anti-mouse
IgG1 and IgG2a, respectively (Alexa Flour 555 and
488; Life Technologies, Carlsbad, CA). Another set of
slides were incubated with monoclonal anti-human
CD45 and anti-human CD68 antibodies (Abcam,
Cambridge, United Kingdom) followed by conjugated
secondary antibodies of anti-mouse IgG2a and IgG2b,
respectively (Alexa Flour 555 and 488). A third set
were incubated with monoclonal anti-human MMP-3
antibodies (BioLegend, San Diego, CA). All slides
were mounted with anti-fade gold containing 40,6-
diamidino-2-phenylindole (Promega, Madison, WI)
for visualization of nuclei. Slides were examined
under a confocal laser microscope (Zeiss, Göttingen,
Germany). Image analysis (ImageJ; National Institutes
of Health, Bethesda, MD) was used to calculate the
immunostaining area for CD45 (common leukocyte
antigen), CD31 (endothelial), and CD68 (macrophage)
cell surface markers as used previously.24 Three sepa-
rate areas of maximal staining were identified with the
confocal microscope. The total area of pixel represen-
tation was recorded for each wavelength to assess
staining area for each image.

Statistical Analysis
Results are reported as mean � standard deviation.

Comparison between the 2 groups were made with
c2, Student t test, and Mann-Whitney U tests with SPSS
(v.21, IBM Inc., Armonk, NY). Correlations were per-
formed with linear regression and the Pearson corre-
lation coefficient. Intra- and interobserver reliability
was assessed with Cohen kappa statistic. An alpha value
of 0.05 was set as significant; SD, standard deviation.
Results
A total of 17 patients with hip pain refractory to

nonoperative treatment were recruited from January
2015 through March 2015 and agreed to participate in
the investigation (Table 1). No patients declined to
participate. Of these, 12 patients were diagnosed with
cam, pincer, or mixed-type impingement, whereas 5
patients received a preoperative diagnosis of hip insta-
bility. Age did not differ between the FAI and instability
groups; however, there was a significant difference in
the proportion of male and female patients (Table 1).
All biopsy samples demonstrated synovitis and/or in-
flammatory cell infiltrate.

Light Microscopy
There was significant agreement between observers

when we evaluated the synovitis score (k ¼ 0.7). There
was no significant difference in the synovitis score
between those in the FAI and instability groups
(P ¼ .186). A significant positive correlation between
number of turns needed for hip distraction and syno-
vitis score (r ¼ 0.653, P ¼ .005) was found (Fig 2). In
addition, the number of turns needed for distraction
also positively correlated with preoperative Interna-
tional Hip Outcomes Tool e Short Version score
(r ¼ 0.600, P ¼ .030), with a greater number of turns
correlating with increasing disability. Synovitis scores
also were significantly increased in those patients who
received a microfracture (P ¼ .024).

Immunohistochemistry
All samples demonstrated the presence of CD45

(common leukocyte antigen) and CD68 (macrophage)
positive inflammatory cells. There was no difference in
the quantification of inflammatory cells (CD45 of CD68)
or neovascularization (determined with CD31 staining)
between the FAI and instability groups (P > .082). No
significant correlations were found between the amount
of inflammatory infiltrate noted on immunohisto-
chemistry and functional outcome scores. There was
significantly more CD68þ cells in those with cam type
FAI (P ¼ .045) as well as those who had microfracture
performed (P ¼ .035). CD45þ/CD68� cells were noted



Fig 2. Light microscopy (20�)
imageof hematoxylin and eosin
stained synovium from (A)
instability and (B) patients with
FAI demonstrating increased
cellular infiltration and density
in the FAI sample. (FAI, femo-
roacetabular impingement.)
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primarily in the perivascular area immediately adjacent
to blood vessels and within the stroma whereas differ-
entiation into CD45þ/CD68þ macrophages was noted
in the synovial lining layer (Fig 3).

Discussion
This investigation presents evidence for less synovial

inflammation in patients with atraumatic hip instability
compared with those with classical FAI. The presence
of synovial inflammation within both the instability
and FAI groups suggests that the pathogenesis of
nonarthritic hip pathology involves, at least in part,
an inflammatory component. There was a significant
positive correlation between intraoperative distraction
and synovitis, indicating an increased distraction force
was associated with an increased synovitis score.
Synovitis scores were increased significantly in patients
with cam morphology and cartilage damage. Although
immunohistochemistry did not reveal differences
between the instability and FAI groups, CD68 was
Fig 3. Confocal microscopic image of synovium from instability a
in the patient with FAI for CD45 (green) and CD68 (red). In
perivascular and stromal tissue, whereas CD45þ/CD68þ macroph
(FAI, femoroacetabular impingement.)
elevated significantly in those with cam morphology
and cartilage damage.
In the past, both nonarthritic hip pathology and

osteoarthritis of the hip were thought to be nonin-
flammatory in nature. This can be traced back to his-
torical studies that compared osteoarthritic joint
samples with those with rheumatoid arthritis.25,26

Because of the robust nature of inflammation within
the rheumatoid samples, underlying inflammation in
the osteoarthritis samples was overlooked. More recent
data that use modern molecular and cellular detection
techniques, however, have confirmed baseline inflam-
mation in a number of musculoskeletal disease states
that were once considered non-inflammatory.10,14,15,24

Although the inciting events leading to the increased
inflammation has not been identified definitively,
evidence suggests that the initial insult may be a
recognized or unrecognized minor trauma, leading to a
response of the innate immune system to damage-
associated molecular patterns (DAMPs).11 These
nd patients with FAI demonstrating increased cellular staining
addition, there is CD45þ/CD68� fluorescence within the

ages (yellow) are more peripheral in the synovial lining layer.



DECREASED INFLAMMATION IN HIP INSTABILITY 557
DAMPs include products of tissue damage that are
recognized by the host immune system and may
include damaged intra-articular products such as
fibronectin, hyaluronic acid, and biglycan.11 These
damaged products bind to one of the many pattern-
recognition receptors of the innate immune system
and set off a cascade of events leading to recruitment of
inflammatory cells and the production of inflammatory
mediators.11,27,28

Our finding that synovial inflammation was corre-
lated directly with the number of turns needed for hip
distraction, a surrogate for hip instability, is not sur-
prising. Given the mechanistic hypothesis described
previously, inflammatory reaction should be related to
the relative amount of DAMPs within the intra-
articular space. Classical FAI, with its mechanical
abutment of the femoral head-neck junction against the
acetabulum as well as contra-coup lesion in pincer
pathology, would likely create a larger number of
DAMPs compared with hips with microinstability.
Compared with FAI, instability does not lead to direct
impingement of tissues but rather subtle motion
abnormalities of the femur within the acetabulum and
potentially less articular cartilage damage. This would
lead to lower levels of mechanical degradation of native
proteins such as collagen, fibronectin, and hyaluronic
acid and, therefore, generation of fewer DAMPs and a
less robust inflammatory response.
The presence of joint inflammation as a component of

nonarthritic hip pathology is only just beginning to be
recognized. Elias-Jones et al.16 recently examined
labrum samples from a group of patients undergoing hip
replacement for osteoarthritis and compared them with
those with FAI, finding increased presence of inflam-
matory cells and neovascularization within the FAI
group. Although different types of samples were used
(labrum vs synovial tissue) and our groups differed
(osteoarthritis vs instability), both investigations re-
ported increased inflammation within the FAI group.
Notably, macrophages were prominently featured in
both studies, with this investigation finding no differ-
ence between FAI and microinstability. This could be
related, however, to the closer similarity of the instability
and FAI groups versus the osteoarthritis and FAI groups
or the fact that our study may be underpowered. A
finding of no difference, it should be noted, does not
imply that there was no inflammation within the
groups, because both may have had similarly elevated
levels.
Uniquely, in this current study, CD45þ/CD68� cells

were localized in the perivascular areas whereas
CD45þ/CD68þ cells were identified in the synovial
lining of the joint. This finding indicates that mono-
nuclear cells are undergoing differentiation towards a
macrophage-specific phenotype as they near the joint
articular space. This enhances the hypothesis that an
innate immune response to extracellular matrix dam-
age can induce recruitment, differentiation, and acti-
vation of synovial macrophages. These macrophages
play an important role in the pathogenesis of inflam-
mation within the joint, because they have been shown
to produce a number of catabolic inflammatory
mediators.29-31

Limitations
Limitations of this investigation are primarily related

to the difficulty in establishing a definitive diagnosis of
hip instability. Because of this, it is possible that some of
the patients classified as unstable in this investigation
may actually have subtle FAI or other diagnoses. This
finding is mitigated by the fact that objective criteria
were used, such as intraoperative distraction and a lack
of radiographic FAI characteristics, to help define this
group. Sample size is another limitation of this inves-
tigation, because this study was likely underpowered to
detect significant differences in some measures. The
finding of significant differences in a number of mea-
sures, however, demonstrates that a likely difference in
the inflammatory profile of these 2 disease states does,
in fact, exist, although a type I error is still possible.
Lastly, the difference in inflammation could be related
to anatomic sampling variability, individual differences
between the group (female vs male), patient activity
levels, or medical comorbidities. To minimize these
effects, a consistent and reproducible protocol for
sample acquisition was developed and patients with
chronic disease were excluded.
Conclusions
Decreased synovial inflammation was associated with

increased distractibility, but both instability and FAI
groups demonstrated baseline levels of synovial
inflammation. Synovitis scores also were increased in
patients with cartilage damage.
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