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Abstract

Background 1diopathic osteoarthritis (OA) is a common
diagnosis leading to hip arthroplasty. Patients undergoing
unilateral hip arthroplasty often wonder whether their other
hip will follow the same path as the one that was operated
on, and if so, when? There also are limited data available to
predict from AP radiographs which contralateral hips will
have OA develop and which will not.

Questions/purposes We sought (1) to determine the
incidence of contralateral osteoarthritic degeneration in a
group of patients who were treated with unilateral hip
arthroplasty; and (2) to identify clinical and radiographic
features associated with the development of contralateral
OA.

Methods Between 1998 and 2010, we performed 398 hip
arthroplasties on patients with unilateral primary hip OA,
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who at the time of surgery did not have any symptoms in
the contralateral hip. Of those, 367 (92%) had a minimum
2-year radiographic followup (mean, 11 years; range, 2—17
years). The 31 patients dropped from the study for lack of
radiographic followup had comparable preoperative fea-
tures as the study group. We performed a radiographic
analysis on the baseline AP radiographs to see what factors
were associated with arthritis progression, and we per-
formed Kaplan-Meier survivorship analysis  with
contralateral hip pain and contralateral THA as the
endpoints.

Results  Kaplan-Meier survival estimates indicated that 10
years after the baseline evaluation, 59% (95% CI, 53%—
65%) of the patients remained free of symptoms on the
contralateral hip and 81% (95% CI, 75%—-85%) remained
free of an arthroplasty on the contralateral hip. Sex, age,
weight, or BMI were not associated with the development
of OA on the contralateral hip with the numbers available.
Reduced minimum joint space width (hazard ratio, 0.299;
95% CI, 0.237-0.378), low center-edge angle (hazard ratio,
0.941; 95% CI, 0.915-0.968), low head-to-neck ratio
(hazard ratio, 1.555; 95% CI, 1.088-2.223), and the pres-
ence of osteophytes (hazard ratio, 1.453; 95% CI, 1.001-
2.110) were associated with the development of con-
tralateral OA. In hips with a center-edge angle greater than
25°, a head-to-neck ratio of 1.3 or less increased the
chances of development of OA by 86% (hazard ratio,
1.857; 95% CI, 1.235-2.793).

Conclusions The variables we studied can easily be as-
sessed from an AP pelvis radiograph so physicians can
predict the occurrence of contralateral OA and the need for
future hip arthroplasty in their patients needing unilateral
arthroplasty. However, the data available might have led us
to underestimate the need for contralateral arthroplasty.
Future studies with a prospective design should aim at
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completing the list of radiographic features associated with
the development of OA by adding a review of lateral
radiographs.

Level of Evidence Level IV, prognostic study.

Introduction

In their daily clinical practice, surgeons performing hip
arthroplasties often are asked by their patients whether
their other hip will follow the same path as the one that was
operated on, and if so, when? Ritter et al. [18] found that
37% of contralateral hips diagnosed as “normal” would
have osteoarthritis (OA) develop within 10 years, and 8%
would undergo THA. Vossinakis et al. [20] found that
patients with unilateral idiopathic OA are more likely to
have OA develop in the contralateral hip than patients with
hip dysplasia. Sahin et al. [19] found that features of
femoroacetabular impingement are seen more frequently in
the asymptomatic contralateral hip of patients who have
undergone hip arthroplasty secondary to idiopathic OA
than in control subjects.

Two of these studies were very limited in statistical
power [19, 20], whereas the third included various etiolo-
gies and did not present a risk factor analysis [18].
Therefore, there still is a paucity of information to answer
this question. Only a long-term longitudinal study can help
determine how often and after what amount of time the
second hip is likely to become symptomatic and require
surgery. Patient characteristics and hip-specific anatomic
features are likely to play a role in the rate of development
of OA and ultimately the need for arthroplasty because true
cases of idiopathic hip OA are thought to be quite rare [11,
13, 15].

The purposes of our study were (1) to determine the
incidence of contralateral osteoarthritic degeneration in a
group of patients who were treated with unilateral hip
arthroplasty; and (2) to identify clinical and radiographic
features associated with the development of contralateral
OA.

Patients and Methods

Between 1998 and 2010, we performed 398 hip arthro-
plasties on patients with unilateral primary hip OA, who at
the time of surgery were free of pain in the contralateral hip
(Charnley Class A disease). The patients were included
regardless of the radiographic findings of the contralateral
hip at baseline as long as they had no pain. Of those, 367
(92%) had a minimum 2-year radiographic followup (mean,
11 years; range, 2—17 years). The median followup for the
study group was 103 months (range, 24-205 months).

The study group included 295 men and 72 women,
predominantly white, with a mean age of 54 years £+ 8
years. Their mean height was 1.77 £+ 0.09 m. Their
mean weight was 86 £18 kg and their mean BMI was
27 4+ 4 kg/m®. Followups were scheduled annually for
the first 5 years and at 2- to 4-year intervals thereafter
and included clinical and radiographic evaluations.
University of California Los Angeles (UCLA) hip scores
[1] were collected and the pain score of the contralateral
hip was used to determine the patients’ Charnley clas-
sification. We chose to define Charnley Class B as the
presence of pain in the contralateral hip, although this
class initially was defined by pain interfering with
walking ability.

The time between the index and the contralateral hip
arthroplasty also was recorded for the patients who
underwent contralateral surgery. Baseline AP pelvis
radiographs were performed at the time of the initial sur-
gery and used to collect data on seven variables of interest,
including minimal and maximal joint space width [5, 16] in
DelLee and Charnley Zone 1 [6], center-edge angle of
Wiberg [21], femoral head-to-neck ratio, the presence of
femoral head cysts and osteophytes, and the femoral head-
to-neck feature known as “pistol-grip deformity” [11]. The
joint space was qualified as eccentric whenever the dif-
ference between maximum and minimum joint space width
was greater than 1 mm. We used Einzel-Bild-Roentgen-
Analyse (EBRA-Cup version 2003; University of Inns-
bruck, Innsbruck, Austria) to digitally delineate the contour
of the femoral head and determine the location of the hip
center of rotation. We then used Image J Version 1.41
image processing and analysis software (National Institutes
of Health, Bethesda, MD, USA) to perform the above-cited
measurements (Fig. 1). All measurements were normalized
using the known diameter of the components used in the
contralateral hip arthroplasty. Pistol-grip deformity was
defined as a hip for which the superior cortex did not
intersect the circle of the femoral head at the head-neck
junction (Fig. 2). The 31 patients who were dropped from
the study for lack of radiographic followup were compa-
rable to patients in the study group in age (p = 0.950),
gender composition (p = 0.411), BMI (p = 0.306), mini-
mum joint space (p = 0.135), maximum joint space (p =
0.793), center-edge angle (p = 0.584), and head-to-neck
ratio (p = 0.368). In addition, 80 patients (22%) from the
study group had not been followed in the last 5 years,
including 14 (4%) who had not been followed for 10 years
and could be considered lost to followup. These patients
were included as they had the minimum 2-year followup
and showed no difference from the rest of the study group
for the above-cited variables (p > 0.05). In addition, 157
patients (43%) from the study group who were included
because they reported no pain in the contralateral hip
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Fig. 1 The measurements performed on the baseline AP radiographs
are shown. The circle was constructed by interpolation of the points
placed on the femoral head by the experimenter (red “Xs”). These
points were positioned on the part of the femoral head that was
covered by the acetabulum to ensure using the part of the head
actually involved in articulation during normal gait. The region of the
fovea, however, was avoided to better match the circular portion of
the head. Other measurements included head-to-neck ratio (green
lines), joint space width (blue lines), and center-edge angle (yellow
lines).

Fig. 2 A femoral head with a pistol-grip deformity is seen in this
radiograph. The superior part of the femoral neck lies entirely outside
the circle defined by the articular part of the head, suggesting the
possibility of impingement where the femoral neck and the circle
separate. The neck diameter was measured from this impingement
point to the intersection of the inferior cortex with the circle.

already showed radiographic signs of OA on the baseline
film: 14 (4%) had a mimimum joint space less than 2 mm,
116 (32%) had osteophytes, and 27 (7%) had both.
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At the time the surgery was performed, the senior author
(HA) informed the patient that when the opposite hip had
radiographic features similar to those of the replaced hip,
that hip was at risk but that there was no concrete evidence
to predict when it would become arthritic. The patients were
advised to avoid high levels of activity to prolong the life of
the contralateral hip. In addition, if the patient had a loss of
internal rotation, it was suggested to avoid using full ROM
because of the possible consequences of impingement.

Power calculations showed that a minimum sample size
of 32 conferred 80% power of detecting a 0.5-mm differ-
ence in joint space width between patients who had
Charnley Class A disease and those who had contralateral
symptoms develop. Two Kaplan-Meier survival estimates
were computed, the first one using the time from baseline
evaluation to the change to Charnley Class B as the end-
point (defined as onset of pain) and the second using the
time to contralateral surgery as the endpoint. A multivari-
ate analysis was performed using the Cox proportional
hazard ratio to determine the effect of demographic char-
acteristics of patients, activity level, and radiographic
measurements on the development of contralateral OA
(patient having disease progress to Charnley Class B).
Sixty-two patients had a center-edge angle of 25° or
smaller. We performed a similar multivariate analysis on
patients with low center-edge angle (25° or smaller) and
patients with a center-edge angle greater than 25° to further
investigate the interaction between this variable and the
characteristics of the femoral head-to-neck junction. The
alpha level was set at 0.05. All analyses were conducted
using Stata®™ Intercooled 6.0 (Stata™, College Station, TX,
USA).

Results

The majority of patients who underwent unilateral hip
arthroplasty remained symptom free in the contralateral hip
for at least 10 years and did not undergo contralateral hip
replacement. Kaplan-Meier survivorship, free of any
symptoms, was 73% (95% CI, 68%—78%) at 5 years, 59%
(95% Cl, 53%—-65%) at 10 years, and 39% (95% CI, 30%—
48%) at 15 years (Fig. 3). For patients who became
symptomatic (n = 150), the median time for symptoms to
develop was 44 months (range, 4-198 months). Fifty-nine
patients  eventually underwent contralateral  hip
arthroplasty. Kaplan-Meier survivorship, free of hip
arthroplasty, was 87% (95% CI, 83%-90%) at 5 years,
81% (95% CI, 75%—-85%) at 10 years, and 75% (95% CI,
66%—-81%) at 15 years (Fig. 4). In the 59 patients who
eventually underwent contralateral hip arthroplasty (n =
59), the median time to surgery was 58 months (range, 10—
161 months).
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After controlling for potential confounding variables,
such as participation in sports, we found that minimum
joint space width, center-edge angle, the presence of
osteophytes, and a head-to-neck ratio of 1.3 or less were
associated with the development of hip symptoms
(Table 1). With the numbers available, we did not find any
associations between gender (hazard ratio [HR], 1.005;
95% CI, 0.669-1.508; p = 0.981), age (HR, 1.001; 95% CI,
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Fig. 3 The Kaplan-Meier survival curve using the time to progres-
sion to Charnley Class B disease as the endpoint is shown.
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Fig. 4 The Kaplan-Meier survival curve using the time to contralat-
eral surgery as the endpoint is shown.

0.981-1.020; p = 0.935), height (HR, 1.007; 95% CI,
0.988-1.026; p = 0.483), weight (HR, 1.001; 95% CI,
0.992-1.010; p = 0.836), and BMI (HR, 0.997; 95% CI,
0.961-1.035; p = 0.888) and the development of symptoms
in the contralateral hip. Head-to-neck ratio was not asso-
ciated with the appearance of symptoms in the subgroup of
patients with a center-edge angle of 25° or less (Table 2).
In contrast, among the patients with a center-edge angle
larger than 25°, a head-to-neck ratio of 1.3 or less sub-
stantially increased the chances of appearance of symptoms
(Table 3).

Discussion

The fate of the contralateral hip is often a source of concern
for patients undergoing unilateral hip arthroplasty. Previ-
ous attempts to answer questions regarding incidence and
risk factors for the development of OA of the contralateral
hip either lacked statistical power [19, 20], or did not
investigate the radiographic features that could indicate
future development of OA [18]. In this study, we aimed to
determine the proportion of patients who would have OA
and contralateral hip symptoms develop, and the proportion
who would opt for contralateral hip arthroplasty, in a group
of patients who were treated with unilateral hip
arthroplasty.

Our study has some limitations. First, the radiographic
review focused only on AP radiographs, whereas it is well
documented that the shape of the anterior femoral head-to-
neck junction can be the source of cam-type impingement
leading to OA [9]. Lateral radiographs of the contralateral
hip were not available for our review, which could have
enhanced our analysis [8] and possibly provided answers
for some unexplained variability. However, preoperative
radiographs rarely include lateral films of the contralateral
hip when the patient is undergoing unilateral hip
arthroplasty and the only image available for the surgeon to
make a prognostic evaluation of the contralateral hip is the
AP film. In that respect, the information provided in our

Table 1. Multivariate analysis showing the effect of variables on development of OA on contralateral hip*

Variable Hazard ratio p value 95% CI

Participation in sports 0.892 0.527 0.626-1.271
Minimum joint space width (mm) 0.299 0.001 0.237-0.378
Center-edge angle (°) 0.941 0.001 0.915-0.968
Osteophyte 1.453 0.050 1.001-2.110
Head-to-neck ratio < 1.3 1.555 0.015 1.088-2.223

* Time to shift from Charnley Class A to Charnley Class B was used as endpoint; OA = osteoarthritis.
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Table 2. Multivariate analysis showing the effect of variables with CE of 25° or less*

Variable Hazard ratio p value 95% CI
Participation in sports 0.630 0.251 0.287-1.385
Minimum joint space width (mm) 0.371 0.001 0.226-0.609
Osteophyte 1.263 0.575 0.559-2.850
Head-to-neck ratio < 1.3 0.889 0.768 0.408-1.937
* Time to shift from Charnley Class A to Charnley Class B was used as endpoint; CE = center edge.

Table 3. Multivariate analysis showing the effect of the variables with CE larger than 25°"

Variable Hazard ratio p value 95% CI
Participation in sports 0.862 0.474 0.574-1.295
Minimum joint space width (mm) 0.272 0.001 0.206-0.358
Osteophyte 1.356 0.172 0.876-2.098
Head-to-neck ratio < 1.3 1.857 0.003 1.235-2.793

* Time to shift from Charnley Class A to Charnley Class B was used as the endpoint; CE = center edge.

study still should be of great value. Second, although our
patients reported no pain in the contralateral hip at the time
of evaluation, some showed radiographic features sug-
gesting that the osteoarthritic process was already engaged,
such as the presence of osteophytes or reduced joint space.
The severity of the osteoarthritic changes could have
affected measurement of radiographic parameters [14] in
these patients. However, we elected to keep these patients
in our cohort because they are part of the population who
will inquire about the future of their contralateral hip.
Third, the investigators (HA, ML) who reviewed the
radiographs also were involved in the clinical followup of
the patients and therefore not blinded to the outcome.
However, the image processing was made in two steps: the
preparation of the images with EBRA and then radio-
graphic measurement and evaluation of the 357
radiographs, which was performed from a separate direc-
tory, devoid of clinical indicator of the outcome. Fourth,
we chose to define Charnley Class B as the presence of
pain in the contralateral hip, although Charnley Class B
initially was defined by pain interfering with walking
ability. Our definition may be somewhat more sensitive,
increasing the number of patients with osteoarthritic pro-
gression because some of our patients went from a UCLA
pain score of 10 or 9 to an 8 or lower without recording a
disturbance in walking ability and still had a UCLA
walking score of 10. Fifth, 31 patients from the eligible
population did not have 2-year followup data. If these
patients had been different from those in the study group in
any of the variables studied, this could have invalidated our
findings. Fortunately that was not the case. In addition, 80
patients from the study had not been followed in the last 5
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years and 14 were considered lost to followup. A case
could be made for patients lost to followup having a greater
chance of having had revision surgery [17] than the rest of
the cohort, leading to underestimation of the occurrence of
contralateral hip arthroplasty. However, it is our experience
that in a country where medical services often incur sub-
stantial expenses for the patient, a large portion of the
patients lost to followup actually are doing well and do not
see the point of followups. This argument is supported by a
study validating the use of survivorship analysis in ortho-
paedics [7]. Finally, our patient population was
predominantly white patients and this reduces the potential
for inference of our study results to other ethnic groups
who do not have the same prevalence of primary OA. Our
first result is the survivorship of the contralateral hip as
pain free. Our findings of 41% progressing to Charnley
Class B disease is consistent with the finding of Ritter et al.
[18]; they found 37% of normal hips had OA develop at 10
years. They also found that 8% of these hips would
undergo hip arthroplasty, a percentage lower than our 19%
(Table 4). This could be because a substantial number of
hips in our cohort were included because they showed no
symptoms at baseline evaluation but already had indicators
that the osteoarthritic process was engaged. Similarly,
Goker et al. [10] noted a 21% rate of hip arthroplasty
performed during the course of their study. These sur-
vivorship results also are consistent with the findings of
Vossinakis et al. [20], who reported an increased risk of
development of contralateral OA in patients with idiopathic
OA in one hip, and the results of Clohisy et al. [3], who
found a high prevalence of structural abnormalities con-
sistent with femoroacetabular impingement in patients with
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Table 4. Summary of studies in which development of OA was studied on the contralateral hip after arthroplasty

Study Journal Year Number

Findings

Ritter et al. [18] J Arthroplasty 1996

Goker et al. [10] Arthritis Rheum 2000 99 patients

Vossinakis et al. [20] Skeletal Radiol 2008

Sahin et al. [19] J Int Med Res 2011

Current study CORR™ 2016 367 patients

1116 patients (664 with normal hips)

95 patients (56 with idiopathic OA)

44 subjects with idiopathic OA
and 40 control subjects

Contralateral OA 79% at 10 years with 54%
with THA; in normal hips 37% OA and 8%
with THA

Eighty-five percent of patients maintained a
slow decline in joint space width (< 0.2
mm/year), and 15% had an accelerated
decline in joint space width (> 0.2 mm/
year); 21% underwent contralateral THA

Idiopathic OA of one hip increases risk of
contralateral OA; prediction difficult only
from radiographic measurements;
weightbearing surface best predictor

No difference in center-edge angle but
femoroacetabular impingement features
more prevalent in contralateral hip of
patients with idiopathic OA

Forty-one percent of patients progress to
Charnley Class B disease, of which 19%
undergo hip arthroplasty within 10 years;
joint space width, center-edge angle, head-
to-neck ratio, and osteophytes predicted
development of OA; center-edge angle less
than 25° counteracts the effect of a low
head-to-neck ratio

OA = osteoarthritis.

idiopathic OA and a high rate of subsequent contralateral
THA.

Among the four risk factors for development of OA that
we found in this study (low minimum joint space width,
low center-edge angle, low head-to-neck ratio, and pres-
ence of osteophytes), the strongest predictor of the change
to Charnley Class B disease was a low minimal joint space
width. We found a 71% decrease in the risk of change to
Charnley Class B for each 1-mm increment (Table 1). This
result correlates the findings of some authors who showed
associations of joint space width with development of
symptoms or the need for hip arthroplasty [2, 4, 10].
However, the finding of an eccentric joint space showed
just as strong an association with the change to Charnley
Class B as the minimum joint space width in a preliminary
bivariate analysis (HR, 12; p = 0.001). We elected to use
the minimum joint space width in our multivariate model
to avoid collinearity, but a difference of 1 mm or more
between minimum and maximum joint space should be
considered a strong predictor of osteoarthritic development
(Fig. 5). This eccentric joint space narrowing in all prob-
ability indicates a localized concentration of stress and
becomes the key area for analysis in performing subse-
quent followup of the patients. Because our study focused
on the development of OA in the contralateral hip in
patients who already underwent hip arthroplasty, our
results should be compared with caution with those of

studies in which the development of OA was monitored on
the first diseased hip. Patients who already have had one
hip replaced may be more likely to have the second hip
operated on earlier during the development process of OA
than the first hip. In addition, during the same period the
study subjects had their surgery performed, 312 patients
who presented with primary OA and bilateral pain of
various levels were treated with hip arthroplasty at our
center. Ninety-five (30%) had unilateral treatment and did
not have sufficient pain develop to require contralateral
surgery, 124 (40%) had bilateral surgery in a two-stage
procedure, and 93 (30%) had bilateral surgery in a one-
stage procedure as the joint disease was sufficient on both
sides to require short-term arthroplasties. We did not find
any association between sex and the incidence of hip
arthroplasty which would seem in contrast to the results of
Hawker et al. [12] who found a greater level of underuse of
arthroplasty (hip or knee) in women than in men. However,
they also found that this difference may be attributable to
the referral system and did not exist once the patients had
consulted an orthopaedic surgeon. This is consistent with
our results on the contralateral hip, as our patients were
already closely followed by an orthopaedist.

Our separate analysis for patients with high and low
center-edge angles showed a differentiation in the effect of
a low head-to-neck ratio (strongly associated with pistol-
grip deformity) on the outcome measurement (the time to
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Fig. SA-B (A) The baseline radiograph shows the hip of a 58-year-
old man. The narrow part of the joint space is lateral to the widest
part. The patient progressed to Charnley Class B disease after 25
months with rather rapid additional narrowing and obliteration of the
joint space despite a low activity level. He underwent contralateral
hip arthroplasty 4.5 years after the initial surgery. (B) The baseline
radiograph of the hip a 59-year-old woman is shown. The narrow part
of the joint space is medial to the widest part. The patient progressed
to Charnley Class B disease after 4 years with additional joint space
narrowing and despite reduced activity level underwent contralateral
hip arthroplasty 7.5 years after the initial surgery.

progression to Charnley Class B disease). It is possible that
a shallow acetabulum prevents impingement to a certain
extent. This is, to our knowledge, the first time such an
association has been made. This result is particularly
important because it explains in part why patients with
pistol-grip deformities do not always have symptomatic
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Fig. 6A-B (A) The baseline radiograph of the hip of a 44-year-old
man is shown. The center-edge angle is 23° and the head-to-neck ratio
is 1.13. The joint space is quite concentric. There is suggestion of a
small osteophyte beginning to form superiorly in the fovea. The
subchondral sclerosis is fairly uniform superiorly. (B) A postoperative
radiograph taken 13 years after the baseline shows the head and
acetabulum are still concentric but the osteophyte from the roof of the
fovea is more prominent and the subchondral sclerosis more
circumferential. However, the joint space is still preserved although
slightly narrower. The patient is still pain-free 15 years after the initial
evaluation. At 60 years old, his UCLA activity score is 7. He works
out regularly, hikes, and does some martial arts.

OA develop with time (Fig. 6). Conversely, a head-to-neck
ratio of 1.3 or less increased the chances of progressing to
Charnley Class B disease (Table 3). One could wonder
why these hips with low center-edge angles were included
in the study because we selected patients who underwent
hip arthroplasty for idiopathic OA. The patients were
selected based on the diagnosis of the surgically treated
hip, but the study was performed on the contralateral hip
and we found that 62 of these patients had a center-edge
angle of 25° or less (which is one criterion for a diagnosis
of developmental dysplasia of the hip) in the contralateral
hip. These patients might have had borderline features of
dysplasia on the surgically treated hip but not to the extent
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that a clear diagnosis of developmental dysplasia of the hip
could be made, also considering that the first radiographs of
these hips showed end-stage osteoarthritic degeneration.

We found that the incidence of OA developing in the
contralateral hip in patients with unilateral OA is 41% at 10
years, with 19% undergoing hip arthroplasty, and that
reduced minimum joint space width, low center-edge
angle, low head-to-neck ratio, and presence of osteophytes
were associated with the development of contralateral OA.
These variables can easily be assessed from an AP pelvis
radiograph so physicians can predict the occurrence of
contralateral OA and the need for future hip arthroplasty in
patients who had a unilateral arthroplasty. However, the
data available may have led us to underestimate the need
for contralateral arthroplasty, as a substantial portion (22%)
had not been followed for the last 5 years and 8% were
missing 2-year radiographic data. Future studies with a
prospective design should aim at completing the list of
radiographic features associated with the development of
OA by adding a review of lateral radiographs.
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