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Research Article

Tonnis Angle and Acetabular

Retroversion Measurements in

Asymptomatic Hips Are Predictive

of Future Hip Pain: A
Retrospective, Prognostic Clinical
Study

Abstract

Background: This study evaluated the prevalence of radiographic
abnormalities potentially indicative of femoroacetabular
impingement on AP pelvic radiographs in asymptomatic
adolescents and young adults and aimed to determine whether

the abnormalities were predictive of future hip pain.
Methods: AP pelvis images from scoliosis radiographs were

obtained from patients 12 to 25 years of age free of any clinical hip/
lower extremity symptoms between January 2006 and September
2009. The following radiographic abnormalities were collected:
lateral center-edge angle of Wiberg >40° or <25°, Ténnis

angle <0° or >10°, acetabular retroversion (crossover sign with a
posterior wall sign), acetabular overcoverage (crossover sign
without a posterior wall sign), and anterior offset alpha angle,
calculated using alpha angle of Nétzli >50°. Patients were
retrospectively followed (average 3.11 years) to identify those
who subsequently developed hip pain.

Results: Of the 233 patients (466 hips) who were asymptomatic at
the time of radiographic evaluation, at least one radiographic
abnormality was present in 60% (281/466) of the hips. Within that
group of hips (n = 281), 69% (195/281) of hips demonstrated a
single abnormality, whereas 31% (86/281) of hips were
associated with multiple abnormalities. Among all hips

(n = 466), a lateral center-edge angle <25° or >40° was the most
common radiographic abnormality, present in 27% (127/466) of
hips. Anterior offset alpha angle and acetabular overcoverage
were the most common abnormalities to present together, found
in 5% (25/466) of hips. In the multivariable model, a decreasing
Ténnis angle (hazard ratio per 1-degree decrease: 1.25, 95%
confidence interval, 1.10-1.42, P = 0.0006) and the presence of
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acetabular retroversion (hazard ratio: 3.55, 95% confidence interval, 1.15-10.95, P = 0.0272) were

predictive of the development of future hip pain.
Conclusions: Our study demonstrates a high prevalence of radiographic abnormalities indicative of

femoroacetabular impingement in asymptomatic adolescents and young adults. A decrease in Tonnis
angle and the presence of acetabular retroversion were predictive of future hip pain.

Femoroacetabular impingement
(FAI) is a pathological mechan-
ical process within the hip joint re-
sulting from either acquired or
developmental hip morphology. It
is a common source of hip pain in
young and active patients, with a
prevalence between 10% and
15% .12 The following three forms
of FAI exist: pincer impingement,
which is characterized by over-
growth of the acetabulum, cam
impingement, which is character-
ized by abnormal sphericity of the
femoral head, and a mixture of
both types of FAI, which can lead
to limited motion, joint damage,
pain, and early osteoarthritis.!-¢
FAI has been noted as a factor
related to early onset degenerative
osteoarthritis.3-> Early diagnosis of
FAI has been suggested as poten-
tially important because it may
allow for early intervention to
correct biomechanical factors that
are related to irreversible chondral
damage.!-?

Radiographic evidence of FAI can
assist in clinical decision-making,
but multiple reports have high-
lighted asymptomatic populations
with radiographic evidence of
FAL78 A systematic review evalu-
ating 2,114 asymptomatic hips
found that 67% had radiographic

evidence of a pincer deformity, and
37% had evidence of a cam defor-
mity.? This review by Frank et al,
along with other reviews, mainly
focused on adult populations.!
Only a handful of reports have
evaluated radiographic evidence of
FAI in asymptomatic adolescent
populations.’%-12  More impor-
tantly, it is assumed that the radio-
graphic abnormalities precede the
onset of hip pain. The clinical
dilemma is the determination of
those specific individuals whose
radiographs have parameters indi-
cating FAI and will develop early
onset degeneration. No previous
study has followed asymptomatic
adolescent patients to determine
whether the radiographic abnor-
malities, present at the baseline
asymptomatic visit, increase the risk
of future hip pain with subsequent
cartilage degeneration.

The aim of this cross-sectional
study was to establish the preva-
lence of radiographic abnormalities
indicative of FAI among asymptom-
atic adolescents and young adults.
Using a cohort study design, we also
aimed to determine whether the
radiographic abnormalities obtained
from the cross-sectional portion of
the study predicted the development
of future hip pain.

Methods

After institutional review board
approval, we retrospectively reviewed
the pelvic portion of standing spinal
radiographs obtained from individuals
referred for potential idiopathic scolio-
sis (IS) at a single quaternary-referral
children’s hospital from January 2006
through September 2009. We included
all radiographs obtained from patients
12 to 25 years of age with no previous
hip complaints, no known hip defor-
mity, or diagnosis of a neuromuscular
disorder. Patients with pelvic radio-
graphs with open triradiate physes
were excluded.

Radiographs were independently re-
viewed by a fellowship-trained pediatric
orthopaedic surgeon with experience in
hip preservation. The AP pelvis por-
tions of the images were analyzed to
confirm that the pelvis was centered and
lacked any significant rotation in all
planes (including flexion/extension).
Lack of rotation was confirmed
through correct alignment of the
sacrum with the pubic symphysis in the
coronal plane and a distance of 1 to
4.5 cm measured between the sacro-
coccygeal joint to the superior border of
the pubic symphysis.?

Images were reviewed using
(PACSWEB) the digital measurement
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software tools to evaluate the fol-
lowing five radiographic abnormali-
ties described as potential indicators
of FAI: lateral center-edge (LCE)
angle of Wiberg >40° or <25°,
Tonnis angle < 0° or >10°, ace-
tabular retroversion (crossover sign
with a posterior wall sign), acetab-
ular overcoverage (crossover sign
without a posterior wall sign), and
anterior offset alpha angle (AOAA)
(calculated using alpha angle of
Notzli >50°).13

A cohort study design was used to
determine whether patients in the
cross-sectional analysis developed
hip pain after the baseline radio-
graphic evaluation. Only patients
with one or more clinical follow-up
visits were included in the cohort
analysis. Patient charts were retro-
spectively reviewed to identify the
incidence of hip pain, defined as a
report of pain in the groin during
routine daily activity that may or may
not increase with higher-intensity
activities such as sports. Patients
were followed for an average of 3.1
years (*£2.8, range, 0.1 to 11.8 years)
after their baseline radiograph.

Descriptive statistics were used to
estimate the prevalence of the five
hip radiographic abnormalities ac-
cording to the number of hips
included in the data set (hip level
prevalence) and the number of pa-
tients included in the data set
(patient level prevalence). In the
cohort analysis, Cox-proportional
hazard models were used to test the
association between radiographic
abnormalities at baseline and the
incidence of hip pain. Correlation
because of the inclusion of multiple
hips per patient was accounted for in
the statistical models. All radio-
graphic abnormalities were tested in
separate models. Radiographic var-
iables significantly associated with
onset of hip pain were tested
together in the final, multivariable
model. Age and sex were included as
covariates in all statistical models.

Table 1

Hip and Patient Level Prevalence

Hip Level Prevalence

Patient Level Prevalence

Factor (n = 466), n (%) (n = 233), n (%)
Parameter
LCE angle <25° 127 (27) 95 (41)
or >40°
Ténnis <0° or 43 (9) 31 (13)
>10°
Acetabular 97 (21) 61 (16)
retroversion
Acetabular 61 (13) 46 (20)
overcoverage
Anterior 66 (14) 37 (16)
offset alpha
angle
No. of parameters
0 185 (40) 65 (28)
1 195 (42) 99 (42)
2 62 (13) 44 (19)
3 21 (5) 17.(7)
4 3(1) 83

LCE = lateral center edge

Results

A total of 233 patients (466 hips) met the
inclusion criteria. Consistent with the
demographics among patients referred
for treatment of adolescent IS at our
institution, 78 % were women (181/233)
and 22% were men (52/233). The mean
age at the baseline radiograph was 14.7
years (2.0, range, 11 to 20 years old).
The average LCE angle was 31.9°
(range, 16.0 to 51.0), and the average
Tonnis angle was 4.8° (range, —12.0 to
18.7°) among all hips.

Prevalence Among Hips

Most hips included in the final anal-
ysis, 60% (281/466), presented with
at least one and as many as four
radiographic abnormalities (Table
1). Among hips with one or more
radiographic abnormalities (n = 281,
Table 1), 31%, 86/281, of the hips
were associated multiple radio-
graphic abnormalities, whereas the
remaining 69% (195/281) were
associated with a single abnormality.

An LCE angle <25° or >40° was
the most common abnormality,
prevalent in 27% (127/466) of the
hips (Table 1). A Tonnis angle <0°
or >10° was the least common FAI
abnormality, prevalent in only 9%
(43/466) of the hips. The radio-
graphic abnormalities also tended to
present in patterns (Table 2). An
LCE <25° or >40° was the most
commonly isolated abnormality.

We also estimated the most frequent
radiographic abnormality pairings.
Acetabular overcoverage was most
likely to present in combination with a
AOAA (5%, 25/466); acetabular ret-
roversion was most likely to present
with AOAA (4%, 20/466), and a
Tonnis angle <0° or >10° was most
likely to present with an LCE
angle <25° or >40° (3%, 16/466).

Prevalence Among Patients

At the patient level, one or more
radiographic abnormalities were pre-
sent in at least one hip in 72% of the
patients (Table 1). The abnormalities
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Table 2

Patient Level Prevalence Patterns

Absent, Presentin One Hip Present in Both

Abnormality n (%) Only, n (%) Hips, n (%)

LCE angle <25° or 138 (59) 63 (27) 32 (14)
>40°

Tonnis angle <0° or 202 (87) 19 (8) 12 (5)
>10°

Acetabular 172 (74) 25 (11) 36 (15)
retroversion

Acetabular 187 (80) 31 (13) 15 (6)
overcoverage

Anterior offset alpha 196 (84) 8 (3) 29 (12)
angle

LCE = lateral center-edge

Table 3

Hazard of Hip Pain

Parameter HR LCL UCL P

Ténnis angle: per 1° decrease 1.23 1.06 1.45 0.0047
Tonnis angle: abnormal vs normal® 4.95 1.09 22.41 0.0378
Acetabular retroversion 2.99 1.01 8.86 0.0476
No. of (+) signs 1.62 0.93 2.83 0.0906
LCE angle: per 1° increase 1.06 0.95 1.17 0.2999
Anterior offset alpha angle 0.50 0.06 3.95 0.5078
LCE angle: abnormal vs normal® 1.32 0.40 4.38 0.6512
Acetabular overcoverage 117 0.32 4.24 0.8106

HR = hazard ratio, LCE = lateral center edge, LCL = lower control limit, UCL = upper control limit

2 Abnormal >10° or <0°.

P Abnormal <25° or >40°. The p-values listed indicate the significance of these statistics.

tended to be bilateral in nature,
indicating a high level of correlation
between hips (Table 2).

Incidence of Future Hip Pain

The hips were followed for an average
of 3.1 years after the initial baseline,
radiograph. Among these hips, 13 (3%)
developed hip pain. The median time to
onset of hip pain was 3.3 years (range,
2.1 to 6.7 years). We tested the associ-
ation between radiographic abnormal-
ities at baseline and the hazard of hip
pain (Table 3). After adjusting for age
at radiograph and sex, a decreasing
Tonnis angle (hazard ratio per 1-degree
decrease: 1.25, 95% confidence inter-
val, 1.10-1.41, P = 0.006) and pres-

ence of acetabular retroversion (hazard
ratio: 3.55, 95% confidence interval,
1.15-10.95, P = 0.0272) were the only
radiographic  abnormalities ~ signifi-
cantly associated with the incidence of
hip pain.

Discussion

In a large cohort of 233 adolescent in-
dividuals without hip symptomatology,
60% of hips had at least one radio-
graphic abnormality indicative of FAL
Among these hips, 69% of hips were
associated with a single abnormality,
whereas 31% of hips were associated
with multiple radiographic abnormali-

ties. Midterm follow-up revealed that a
decreased Tonnis angle and the pres-
ence of acetabular retroversion were
predictive of future hip pain.

Our study represents a large cohort
of initially asymptomatic adolescent
and young adult individuals with
standard pelvis radiographs (466
hips). Schmitz et al'! evaluated hip
morphology (cam, crossover, coxa
profunda, ischial spine sign, lateral
center edge, and alpha angle) in 90
asymptomatic patients (180 hips)
using an EOS Imaging technique.!!
Coxa profunda was present in
81.7% of the hips. Nepple et al'#
have discouraged the use of coxa
profunda to diagnose pincer
impingement because of its high
prevalence in asymptomatic hips.
Based on these factors, we did not
include coxa profunda in the current
study. Schmitz et al'! also observed
that acetabular overcoverage (as
measured by the lateral center edge
angle) was present in 15% of
asymptomatic  hips.  Acetabular
overcoverage, defined in our study as
the presence of the crossover sign
without a posterior wall sign, was
present in 13% of the hips in our
study. Acetabular over or under
coverage, LCE <25° or >40°, was
present in 27% of the hips in our
study. The current study corrobo-
rates the high prevalence of radio-
graphic FAI abnormalities among
asymptomatic individuals.

Our results also demonstrate a high
level of within patient correlation, as
indicated by the high prevalence of
radiographic abnormalities present
bilaterally (Table 2). Correlation
between affected and unaffected
hips, as represented by bilateral
presentation of FAI signs, has also
been noted in related studies.314
Specific radiographic abnormalities
also tended to be correlated. Ace-
tabular overcoverage and an AOAA
were the most prevalent combination
of abnormalities, present in 5% of
hips.

4
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A major limitation of the previous
cross-sectional designs used to esti-
mate the prevalence of FAI abnor-
malities in asymptomatic hips has
been the lack of follow-up data to
determine whether abnormalities are
predictive of future hip pain. Assum-
ing that anatomic variants contribute
to future hip pain, the anatomic
abnormalities must precede the onset
of hip pain. FAI abnormalities could
represent latent hip pain. Therefore,
we followed patients to determine
whether patients sought care for hip
pain after the baseline radiograph. In
the final multivariable analysis, after
adjusting for age and sex, a decreasing
Tonnis angle and the presence of
acetabular retroversion were signifi-
cantly associated with the onset of hip
pain. Although not significant, hips
that developed pain were associated
with a higher number of FAI abnor-
malities, 1.2, compared with hips that
did not develop pain, 0.8. These
findings suggest that FAI radio-
graphic abnormalities may have
utility in the overall clinical and
radiographic assessment and predic-
tion of future hip pain.

This study includes several limi-
tations. The cross-sectional analysis
was based on AP spinal radio-
graphs among individuals referred for
potential IS, which may not represent a
true cross-section of asymptomatic
subjects. In addition, the review of
radiographic imaging was limited to
AP radiographs, which is known to be
limited in the evaluation of the complex
three-dimensional anatomy of the pel-
vis and proximal femur. Specific to
cam-type morphology, previous stud-
ies have demonstrated that evaluation
of sphericity of the femoral head is as-
sessed best using the Dunn view.!® We
may be underreporting the prevalence
of AOAA in this study cohort using
only the AP pelvic images; however, it
should be noted that our prevalence of
AOAA is similar to other studies that
used advanced imaging such as MRI

and EOS.”!! Finally, it should be
noted that coexisting hip and spine
pathologies have been reported in the
literature, suggesting that patients with
IS may have a predisposition to the
development of hip issues.®-17

We observed a high prevalence of
radiographic abnormalities potentially
indicative of FAI in asymptomatic
adolescents, further demonstrating that
that the observed radiographic abnor-
malities are associated with a low level
of specificity for FAI (not effective at
ruling out the presence of hip pathology
among asymptomatic hips). An LCE
angle <25° or >40° was the most
common abnormality, present in
greater than one-quarter of the of hips.
The results do not support sole reliance
on radiographic abnormalities. How-
ever, radiographic abnormalities may
be useful in predicting future hip pain.
In our study, an abnormal Tonnis
angle and acetabular retroversion were
significantly associated with the devel-
opment of future hip pain. These re-
sults support the judicious use of both
clinical and radiographic factors in
the treatment of FAI to avoid
overtreatment.
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