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Abstract
Background Currently more than 200,000 THAs are
performed annually in the United States. In patients with
bilateral disease, the chance of subsequent contralateral
THA reportedly ranges from 16% to 85%. Factors influencing contralateral THA are not completely understood.
Questions/Purposes We therefore determined (1) the
10-year probability free of progression to contralateral
THA after index THA, (2) whether demographics differed
between those who did and did not ultimately undergo
contralateral THA, and (3) whether initial clinical symptoms and/or degree of radiographic osteoarthritis affects
progression.
Patients and Methods We retrospectively identified
332 patients with minimum 24-month followup and primary

Each author certifies that he or she has no commercial associations
(eg, consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest in connection
with the submitted article. MAM has received royalties from Stryker
Orthopaedics (Mahwah, NJ, USA); is a consultant for Johnson &
Johnson (New Brunswick, NJ, USA), Joint Active Systems Inc
(Effingham, IL, USA), Salient Surgical Technologies Inc
(Portsmouth, NH, USA), Stryker, and TissueGene, Inc (Rockville,
MD, USA); and has received institutional support from National
Institutes of Health (NIAMS and NICHD), Stryker, TissueGene, and
Wright Medical Technology, Inc (Arlington, TN, USA). The other
authors have no disclosures.
Each author certifies that his or her institution approved the human
protocol for this investigation, that all investigations were conducted
in conformity with ethical principles of research, and that informed
consent for participation in the study was obtained.
S. A. Sayeed, A. J. Johnson, D. E. Jaffe, M. A. Mont (&)
Center for Joint Preservation and Replacement, Rubin Institute
for Advanced Orthopedics, Sinai Hospital of Baltimore, 2401
West Belvedere Avenue, Baltimore, MD 21215, USA
e-mail: mmont@lifebridgehealth.org

osteoarthritis who underwent unilateral THA between 2001
and 2008. There were 150 men and 182 women with a
mean age of 61 years (range, 27–93 years) and a mean
BMI of 29.6 kg/m2 (range, 17.6–49.2 kg/m2). We
reviewed clinical, radiographic, and demographic data at
index THA and last followup and classified patients as low,
indeterminate, or high risk of undergoing contralateral
THA.
Results Seventy-four of the 332 patients (22%) underwent contralateral THA, resulting in an 83% 10-year
probability free of progression to the contralateral hip.
Low-risk patients had a less than 1% chance of progression, indeterminate-risk patients had a 16% to 24% chance
of progression, and high-risk patients had a 97% chance of
progression.
Conclusions Indeterminate-risk patients may be managed
nonoperatively and deserve further study with a larger
multicenter analysis. We defined high- and low-risk
patients who may be candidates for bilateral THA or may
rarely need a contralateral THA.
Level of Evidence Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction
The prevalence of symptomatic hip osteoarthritis (OA) is
estimated to be 4.4% of adults older than 55 years [17], and
there are more than 70 million people in the United States
older than 55 years [23]. Given the large number of
patients affected by this disease, the number of
arthroplasties per year is expected to increase. Currently
surgeons are performing more than 200,000 THAs each
year in the United States [15, 24]. Over the next 20 years,
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this number is projected to increase to more than 500,000
[24]. Ten- to 25-year studies show prosthesis survivorship
ranging from 85% to 96% [4, 6, 8, 9].
For all patients with hip OA, the incidence of those with
bilateral end-stage disease ultimately having subsequent
THA has ranged from 16% to 35% in the literature [14, 17,
21, 24]. In patients with bilateral disease, the chance of
subsequent contralateral THA after unilateral THA is
anywhere from 16% to 85% [10, 12, 19–22]. Factors
related to subsequent joint arthroplasty in the contralateral
joint are described as the radiographic grade of the joint
[10, 21] and patient age [17, 21] at index arthroplasty.
Although there is a study regarding the degree of radiographic OA and patient age [21], it does not evaluate
symptoms in the contralateral hip and correlate this with
radiographic grading in the contralateral hip at index THA.
To characterize the progression of contralateral hip
disease after unilateral THA for osteoarthritis, we determined (1) the 10-year probability free of progression to
contralateral THA after index unilateral THA, (2) whether
there was a demographic difference between those who did
and did not ultimately undergo contralateral THA,
(3) whether clinical symptom severity in the contralateral
hip at the time of index THA affects the progression of
contralateral hip disease and leads to subsequent THA,
(4) whether the degree of radiographic OA in the contralateral hip at the time of index THA affects the progression of
contralateral hip disease and leads to subsequent THA, and
(5) whether the combined radiographic and clinical degree of
OA predicts the progression of contralateral hip disease.

Patients and Materials
We retrospectively identified 2008 patients who had 2008
hip arthroplasties performed between 2001 and 2008. From
these, we excluded 1576 patients (1576 arthroplasties) for
one of the following reasons: resurfacing arthroplasties
(n = 1191); bilateral THAs (defined as having the second
THA within 3 months of the first; n = 34); THAs that
ultimately had revision (n = 9); and arthroplasties performed for diagnoses of osteonecrosis (n = 187), slipped
capital femoral epiphysis (n = 27), developmental dysplasia of the hip (n = 24), prior septic arthritis (n = 8),
posttraumatic arthritis (n = 39), synovial chondromatosis
(n = 3), genetic inheritable hip disorders (eg, Marfan
syndrome, osteopetrosis, etc) (n = 16), inflammatory
arthritides (eg, rheumatoid arthritis, systemic lupus erythematosus, etc) (n = 21), and Legg-Calvé-Perthes disease
(n = 17). We additionally excluded another 43 hips
because, after review of the radiographs, we observed
evidence of prior slipped capital femoral epiphysis,
developmental dysplasia of the hip, or Legg-Calvé-Perthes
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disease that was not clinically diagnosed. Of the remaining
389 patients (389 THAs), 24 died and five were lost to
followup before the minimum 2 years. Twenty-eight
patients did not have the appropriate radiographs for
analysis (lack of an AP pelvis radiograph at index
arthroplasty). This left 332 patients who had a minimum
2-year followup (mean, 67 months; range, 24–115 months)
and radiographs available for review at both index THA
and at latest clinical followup. There were 150 men and
182 women with a mean age of 61 years (range, 27–
93 years) and a mean BMI of 29.6 kg/m2 (range, 17.6–
49.2 kg/m2). There were 172 right hips and 160 left hips.
We did not recall any patients for this study and obtained
all data from medical records and radiographs. We
received institutional review board approval for the study
of these patients.
All operations were performed by a single surgeon
(MAM) through an anterolateral approach.
After index THA, patients returned to the clinic at 1, 3,
and 6 months and yearly thereafter. At each visit, we
performed a history and physical examination, as well as a
radiographic examination consisting of weightbearing AP
pelvic radiographs. We evaluated both hips for patientreported symptoms (pain, decreased functionality, use of a
walking aid, or prevention of performing activities of daily
living directly related to the hip) and observed signs
(flexion-extension, internal-external rotation, flexion contractures, weakness, or any gait abnormalities). We
contacted each of the 332 patients via telephone to confirm
they had not undergone a second procedure at another
facility. The following demographic data were collected:
age, sex, time from index THA to contralateral THA, and
BMI. We evaluated the preoperative and postoperative pain
level in the index hip and any resultant ambulatory limitations. Pain levels were scored on a scale of 1 to 10 points,
based on clinical notes and patient questionnaires using a
10-cm VAS. Clinical severity in the contralateral hip was
categorized into four categories: asymptomatic, mild,
moderate, or severe. We defined asymptomatic as having
no complaints with no effect on activities of daily living;
mild as some pain (\ 5 points on the VAS) with no limitation of activities of daily living and unlimited
ambulation; moderate when two of three conditions were
met (pain [ 5 on the VAS, the use of an ambulatory
assistance device, or any ambulatory limitation and
decreased ability to perform activities of daily living); and
severe when all three of the previous conditions were met.
We recorded ambulatory limitation in number of blocks or
as unlimited, based on patient report, as recorded in clinical
notes and patient questionnaires (eg, Harris hip scores). Of
the 332 patients, 153 (46%) had no symptoms, 99 (30%)
had mild symptoms, 51 (15%) had moderate symptoms,
and 29 (9%) had severe symptoms.
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Table 1. Correlation of radiographic grade and clinical symptoms*

Table 2. Patient risk categories

Kellgren-Lawrence
grade

Asymptomatic

Mild

Moderate

Severe

Kellgren-Lawrence
grade

Clinical severity

0

0/25

0

0

0

Asymptomatic
and mild

Moderate
and severe

1

0/61

0/25

1/1

0

0–2

Low risk

Medium risk

2

0/57

2/40

3/16

0

3

0/10

5/18

2/2

0

4

0

2/16

30/32

29/29

3–4

2/208 (\ 1%)

4/17 (24%)

Medium risk
7/44 (16%)

High risk
61/63 (97%)

* Each cell represents the number of hips that progressed to contralateral THA over the total number of hips in that category.

Two authors (AJJ, DEJ) independently reviewed standard weightbearing preoperative AP pelvis radiographs
before the index procedure and at last followup, with a
third author (SAS) adjudicating any discrepancies between
reads of the other two authors. They used the KellgrenLawrence grading scale [14] to classify hip OA in the
contralateral hip of each patient at index THA and at last
followup. Kellgren-Lawrence Grade 0 was the absence of
radiographic findings, Grade 1 was minimal joint space
narrowing, Grade 2 was some osteophytes with some joint
space narrowing, Grade 3 was multiple osteophytes with
joint space narrowing accompanied by bony sclerosis, and
Grade 4 was large osteophytes with marked joint space
narrowing and severe bony sclerosis accompanied by
deformity [14]. Radiographic characterization of the
patient cohort revealed 25 (8%) had Grade 0, 87 (26%) had
Grade 1, 113 (34%) had Grade 2, 30 (9%) had Grade 3, and
77 (23%) had Grade 4. For the combined clinical and
radiographic analysis, we grouped Kellgren-Lawrence
Grades 0 to 2 together as mild radiographic disease and
Grades 3 and 4 together for advanced radiographic disease.
The reviewers were blinded as to the side of index THA
and the subsequent surgery that patients underwent.
We placed each contralateral hip into one of 20 categories based on initial clinical symptoms (four categories)
and radiographic arthritis (five categories) (Table 1). We
analyzed the hips to determine the percentage of patients in
each grouping who later underwent contralateral THA and
then condensed this information into four categories based
on clinical symptoms (two categories) and radiographic
arthritis (two categories).
We then classified patients as low, indeterminate, or
high risk for performance of a contralateral THA after
index THA based on the above. We considered patients
low risk if they had radiographic Grade 0 to 2 changes and
were clinically asymptomatic or mild, indeterminate risk if
they had radiographic Grade 0 to 2 changes with clinical
severity of moderate to severe or had radiographic Grade 3
to 4 changes and clinical severity of asymptomatic or mild,
and high risk if they had Grade 3 and 4 radiographic

changes and clinically displayed moderate or severe
symptoms.
We calculated 95% CIs for all data and used KaplanMeier survivorship analysis [13] to evaluate time from
index THA to progression of contralateral THA. The KaplanMeier survivorship curve was the percentage of patients
free of progression to contralateral THA. To determine
whether there were any demographic effects on progression
of contralateral disease, we used a multivariate Cox
proportional-hazards model to determine the effect of age, sex,
and BMI on survival of the contralateral THA. To evaluate
the effect of clinical symptom severity and radiographic
severity on the progression of disease in the contralateral
hip, we calculated the incidence of contralateral THA for
each cohort, as described above. Finally, clinical and
radiographic severity of disease were combined from the 20
different permutations (Table 1) into low-, indeterminate-,
and high-risk cohorts (Table 2) to determine the combined
effect on the ultimate outcome of the contralateral hip.
SPSS1 Version 13.0 for Windows1 (SPSS, Inc, Chicago,
IL, USA) was used for all statistical analyses.

Results
Of the 332 patients, 74 (22%) eventually underwent contralateral THA, resulting in a 10-year probability free of
progression to contralateral hip of 83% (95% CI: 79%–
87%) (Fig. 1). The mean time from index THA to contralateral THA was 20 months (range, 7–75 months). Time
interval to the second operation influenced progression of
the contralateral hip, while age, sex, and BMI did not
(Table 3). Patients not operated on between 3 months and
1 year had a longer time interval (p \ 0.001) to contralateral THA (mean, 34 months; range, 26–75 months).
Patients who had a higher degree of clinical symptoms
in the contralateral hip at the time of index THA were more
likely to progress to subsequent THA. Of the 258 patients
who did not undergo contralateral THA, 153 (59%) were
completely asymptomatic, 90 (35%) had mild symptoms,
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Patients Not Requiring Contralateral THA (%)

and 15 (6%) had moderate symptoms. For the entire patient
cohort, patients who were asymptomatic never developed
symptoms requiring contralateral THA. Of the patients
with clinically mild symptoms, nine (8%) later underwent
contralateral THA. In the moderately and severely symptomatic groups, 36 (71%) and 29 (100%) eventually
underwent contralateral THA.
Patients who had a higher degree of radiographic
symptoms in the contralateral hip at the time of index THA
were more likely to progress to subsequent THA. Of the
258 patients who did not have contralateral THA, 25 (10%)
had Grade 0 radiographic changes, 86 (33%) had Grade 1
radiographic changes, 108 (42%) had Grade 2 radiographic
changes, 23 (9%) had Grade 3 radiographic changes, and
16 (6%) had Grade 4 radiographic changes. For the entire
patient cohort, patients with Grade 0 radiographic changes
never progressed to the point where they had a contralateral
THA. Of the patients with Grade 1 and 2 changes, one
(1%) and five (4%), respectively, subsequently had a
contralateral THA. Of the patients with Grade 3 and 4
changes, seven (23%) and 61 (79%), respectively, eventually underwent contralateral THA.
Patients who fell into the combined high-risk clinical
and radiographic category had a higher risk for progression

of the contralateral hip. Patients who fell into the low-risk
category had a less than 1% incidence of subsequently
having contralateral THA, while patients who fell into the
high-risk category had a 97% chance of progressing to
subsequent contralateral THA (Table 2). The 10-year
probabilities free of progression to contralateral THA were
99% (95% CI: 97%–100%) and 82% (95% CI: 72%–91%)
for the low- and medium-risk cohorts, respectively,
whereas the 3-year probability free of progression to contralateral THA was only 3% (95% CI: 0% –7%) for the
high-risk group (Fig. 2).

Discussion
In the United States, OA in the hip affects more than
3 million adults who are older than 55 years [16, 23]. This
debilitating disease affects patients’ quality of life and
overall activity level, leaving some homebound and others
in wheelchairs. THA has become the gold standard for
treating end-stage disease that does not improve with
nonsurgical treatments. The number of THAs performed in
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Fig. 1 A graph shows a Kaplan-Meier survivorship curve representing an 83% 10-year probability free from incidence of contralateral
THA for the overall patient population

Fig. 2 A graph shows Kaplan-Meier survivorship curves stratified by
risk categories. The 10-year probabilities free from incidence of
contralateral THA are 99% (95% CI: 97%–100%) for the low-risk
cohort and 82% (95% CI: 72%–91%) for the medium-risk cohort. The
3-year probability free from incidence of contralateral THA in the
high-risk group is 3% (95% CI: 0%–7%).

Table 3. Demographics of patients stratified by whether they progressed to contralateral THA and by risk level
Demographic

Those who progressed Those who did not progress p Value Hazard ratio
to contralateral THA
to contralateral THA
(95% CI)

Number of patients 74

258

Age (years)*

59 (38–87)

62 (27–93)

Sex (% women)

58

BMI (kg/m2)*

30 (20–47)

54
30 (18–53)

* Values are expressed as mean, with range in parentheses.
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Low risk

Indeterminate High risk
risk

208

61

63

0.07

1.4 (1.0–1.6) 61 (30–91) 58 (36–84)

57 (26–88)

0.59

1.1 (0.9–1.3) 54

65

1.0

1.3 (1.0–1.5) 30 (18–52) 29 (20–48)

49

30 (20–49)
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the United States is projected to increase by more than
300,000 primary THAs over the next 20 years [15]. Since
the disease affects a great number of adults in the United
States, it is important to understand and characterize the
risk factors leading to disease progression. Therefore, we
examined the probability of having a contralateral THA
after primary unilateral THA for OA and the clinical,
radiographic, and demographic factors that might lead to
progression of OA for which subsequent contralateral THA
would be performed.
There were several limitations to our study. First, there
was the potential for a patient to have had their index THA
performed at our institution and then have a subsequent
contralateral THA performed at another institution without
our knowledge. To minimize its effect on our data, we
contacted each patient to confirm they did not have a
contralateral THA performed at another institution. Second, with regard to radiographic findings, Hart and Spector
[11] criticized the Kellgren-Lawrence grading scale
because of its subjective nature and its overemphasis on
osteophytes. However, the Kellgren-Lawrence radiographic criteria are generally accepted as the standard for
radiographically evaluating OA [2, 5, 7], and the World
Health Organization and the American Rheumatism
Association accept this grading scale for the classification
of OA [2]. Kellgren and Lawrence [14] emphasized
effective control of the intraobserver and interobserver
error rate requires one observer. Although we had three
authors read radiographs, there was a single author (SAS)
who evaluated films when there were discrepancies
between the other two observers (AJJ, DEJ). Third, we
excluded patients who underwent THA on their contralateral hip within 3 months of index THA. These patients had
sufficiently severe symptoms in both hips at their presentation to undergo THA, and we believed there was no need
to include them.
Our observations supported previous studies evaluating
the history and disease progression of hip OA. In one study
evaluating the probability of contralateral THAs in 99
patients with a mean followup of 104 months (range, 12–
149 months), after excluding patients undergoing contralateral THA within 12 months of index THA, the risk of
contralateral THA was reportedly 21% [10].
A previous study showed clinical symptoms correlated
well with contralateral disease progression and subsequent
arthroplasty [17]. We confirmed patients with minimal
symptoms were less likely to progress to contralateral THA
than those with severe symptoms. However, more information was needed on patients with moderate symptoms in
the contralateral hip, as some of these patients progressed
to arthroplasty, while others did not. Further studies should
work to address these indeterminate-risk patients. If this
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cohort of patients can be better characterized, it might be
possible to focus nonoperative treatments on those who are
more likely to progress to contralateral THA in an attempt
to halt or slow the progression of the disease in the contralateral hip.
Ritter et al. [19] found patients with no radiographic
signs of OA in the contralateral hip at the time of index
THA had an 8.7% chance of progression to contralateral
hip within 10 years. We also found patients with Grade 0 to
2 radiographic changes had rates of progression to the
contralateral hip of 0% to 4%. One important difference
between our study and previous studies was our correlation
of radiographic grading and clinical symptoms (Table 3).
These two criteria were key factors for predicting progression to contralateral THA [18]. It was not surprising
there was an increased incidence in the subsequent contralateral THA in patients with Grade 3 or 4 radiographic
changes who clinically displayed moderate to severe
symptoms (high-risk patients).
Mont et al. [17] previously combined clinical symptom
severity and radiographic stage of disease to assess the
likelihood of subsequent contralateral TKA after index
TKA. Using similar methods, they found, when combining
clinical and radiographic criteria of severity, the majority of
patients were low-risk patients who had an extremely low
likelihood of progressing to subsequent contralateral TKA.
This result should increase the confidence of the treating
surgeon when reassuring the patient that they will not need a
second procedure on the other hip. The high-risk patients
who had a high incidence of contralateral arthroplasty had
end-stage radiographic disease and severe symptoms at
initial presentation. In both studies, there was a proportion
of patients (18% in the current study) who had indeterminate risk for progression, for whom it was difficult to predict
subsequent contralateral THA. This cohort included a large
proportion of younger patients and a higher percentage of
men than the other cohorts. We did not factor into our study
the effect of activity on progression of contralateral hip.
Perhaps, in future studies, this indeterminate-risk cohort
could be examined to determine whether perhaps a younger,
more active subset of the population might be at risk for
progression of disease. The likelihood that high-risk
patients would undergo contralateral THA was 97%. For
these patients, simultaneous bilateral THAs may offer
decreased complication rates [1, 3, 18] and be more costeffective [18]. Parvizi et al. [18] reported on 98 patients who
received simultaneous bilateral THAs versus 98 patients
who received staged bilateral THAs, with a minimum 6month followup of perioperative complications. They found
decreased complication rate, anemia, and wound drainage
in the simultaneous bilateral THA cohort compared to the
staged bilateral THA cohort. Also, the mean hospital stay
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was shorter in the simultaneous bilateral THA cohort (mean,
4.3 days; range, 3–11 days) than in the staged bilateral THA
cohort (mean, 8.1 days; range, 4–39 days). To determine
the appropriateness for a given patient, surgeons must
consider symptoms and general health, the risk of anesthesia, and medical problems, such as obesity, diabetes, and
compromised cardiovascular or respiratory status.
In summary, we reported an overall 10-year probability
free of progression to contralateral THA after index THA
for OA of 83%. Although little can be done to reverse the
effects of the disease in the high-risk cohort, we emphasize
indeterminate-risk patients warrant further study since
these patients may respond to nonoperative treatment in an
effort to delay THA and preserve the native joint. As the
numbers of patients in this indeterminate-risk category are
low, a larger multicenter study may be warranted. However, a majority of patients (64%) fell into the low-risk
category, indicating, if there is minimal radiographic evidence and clinical symptom severity at initial presentation,
there is an extremely low incidence of contralateral THA.
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