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Abstract

Background Conversion of hip arthrodesis to a THA
reportedly provides a reasonable solution, improving
function, reducing back and knee pain, and slowing
degeneration of neighboring joints associated with a hip
fusion. Patients generally are satisfied with conversion
despite the fact that range of mobility, muscle strength, leg-
length discrepancy (LLD), persistence of limp, and need
for assistive walking aids generally are worse than those
for conventional primary THA.

Questions/purposes We compared THA after hip arthro-
desis and primary THA to determine whether these
procedures would be associated with similar functional
scores, maintenance of scores with time, complications and
failures, survivorship of the arthroplasty, and patient
satisfaction.

Patients and Methods We retrospectively matched
48 patients undergoing conversion of a fused hip to a THA
between January 1980 and January 2000, with 50 patients
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receiving a primary THA during the same period. We
prospectively followed all patients between January 2000
and January 2010. The changes in function and pain after
THA were compared between the two cohorts using the
Harris hip score (HHS) and the Rosser Index Matrix
(RIM). The Oxford hip score (OHS) and the SF-36 also
were used to assess quality of life (QOL) during followup.
Complications were collected and survivorship of the THA
was evaluated. Patient satisfaction was assessed using the
Robertsson and Dunbar questionnaire. The minimum fol-
lowup was 10 years (mean, 17 years; range, 10-29 years).
Results At last followup, hip function and health-related
QOL were similar for patients having conversion of hip
arthrodesis to THA and for patients having a routine THA.
Scores diminished overall in the two groups between 2000
and 2010, but without a difference for the HHS, RIM QOL,
and OHS in the study cohort. The rate of complications,
THA survival, and patient satisfaction were similar in both
groups.

Conclusions Conversion of hip arthrodesis to a THA
provides substantial improvement of hip function and
health-related QOL, with an acceptable rate of complica-
tions, good expectancy of survival for the arthroplasty, and
high level of patient satisfaction comparable to those of
primary THA.

Level of Evidence Level III, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction
Functional impairment, and pain and degeneration of the

neighboring joints are frequent problems associated with a
long-term fused hip [12, 52, 63, 64, 68, 70]. Between 35%
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and 60% of patients with fused hips complain of knee pain
and between 57% and 65% complain of low back pain
[12, 68, 70]. Many surgeons consider disability resulting
from a fused hip, pain in the surrounding joints, malposi-
tioned ankylosis, or painful pseudarthrosis as indications to
convert a fused hip to a THA [12, 45, 52, 62-65, 68-70, 72,
74, 71, 78].

The results of such a technically demanding procedure
have been assessed using traditional hip scoring systems.
Complete or near complete relief is noted in 73% to 80% of
patients with preoperative back pain [30, 40] and in 66% of
patients with knee pain [40]. Regarding pain and function
in the surgically treated hip, 79% to 85% of hips are pain-
free or with minimal pain [36, 45, 64], 79% have “good-to-
excellent” ROM [36], and 83% have “good-to-excellent”
function [36], obtaining an average postoperative hip
flexion between 70° and 102° [29, 40, 45, 49, 54, 65] and
improvement in walking [29]. Overall function and walk-
ing improves after conversion [54, 55, 58]. Survival of the
converted THA ranges from 74% to 96% at 10 years [29,
36, 53, 57] and 73% at 26 years [36]. Between 75% and
100% of patients are satisfied with the procedure [29, 36,
40, 45, 49, 55, 57, 62, 65, 73], and they generally are
pleased with the outcome even if factors such as range of
mobility, muscle strength, LLD, persistence of limp, and
need of assistive walking aids are less satisfactory in
converted hips compared with hips that had conventional
primary THA [40, 52, 55, 69]. A patient’s satisfaction with
the obtained outcome may be related more to the global
change achieved in QOL than to ‘objective’ data assessed
by the surgeon.

Richards and Duncan [57] compared changes achieved
in QOL after conversion of fused hips to THA and after
primary THA (PTHA) using self-administered, health-
related, QOL outcome questionnaires [57]. QOL was lower
after conversion of hip arthrodesis than after conventional
PTHA in contrast to reports that conversion may achieve a
success rate similar to that of a PTHA [36, 40, 49]. They
reported no differences observed either in functional scores
between conversion of fused hips to THA and revision
THA, as observed by Peterson et al. [53], or in patient
satisfaction between the three studied cohorts [57].

To address this controversy and provide useful infor-
mation regarding the expected result of this procedure, we
compared conversion of a fused hip to a THA and PTHA to
answer the following questions: (1) Are the functional
scores and QOL similar in both groups? (2) Are the
improvements in functional scores and QOL similar to
those of primary THA? (3) Are the complication and
failure rates similar in these procedures? (4) Is the survi-
vorship of the THA after hip fusion similar to that of
PTHA? (5) Is patient satisfaction similar in the two cohorts
to long term?
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Patients and Methods

This cohort study was based on a cohort of 65 patients with
fused hips and a control cohort of 55 patients with a PTHA.
We retrospectively reviewed 65 patients with 67 fused hips
who underwent conversion surgery to a THA in our two
centers between January 1, 1980 and January 1, 2000. We
excluded patients having fusion before skeletal maturity or
secondary to systemic rheumatologic diseases (Fig. 1).
Two patients died and three others were lost to followup
before January 2000. The 55 remaining patients (55 hips)
were included in the study cohort. For all these patients, the
conversion to THA was performed before June 1999.
Therefore, they had a minimum 6-month followup from the
conversion surgery to January 2000 when they were
included in the study cohort and followed prospectively
from that moment until the last review in January 2010.
Between January 2000 and the end point of the study in
January 2010, three patients died and four were lost to
followup. Thus, 48 patients (48 hips) were fully assessed
with a minimum 10-year followup from conversion (mean,
17 years; range, 10-29 years) and constitute the material of
this study (Table 1).

Eighteen patients had spontaneous ankylosis and 30 had
operative arthrodesis. Conversion was performed at a mean
of 26 years (range, 3—47 years) from fusion and after more
than 30 years in 14 patients. At the time of conversion,
the mean age of the patients was 52 years (range, 31—
68 years). Fifteen were younger than 50 years and 40 were
younger than 60 years. The major complaints were ipsi-
lateral knee pain in 30 patients (62%) and low back pain in
28 patients (58%). The hip was fused in malposition in
11 patients (23%).

Previous data to conversion, details of surgical proce-
dures, complications, and followup data until January 2000
were extracted from patient charts by clinical audit per-
sonnel and one orthopaedic registrar (AT). From the
medical records we extracted remarks regarding pain,
muscle strength evaluated by manual testing, LLD mea-
sured clinically and radiographically, limp, walking
capacity estimated using the HHS [31] criteria, and use of
supportive devices. LLD was assessed clinically by mea-
suring both limbs with a tape from the anterior-superior
iliac spine to the tip of the medial malleolus, while the
patient was in the supine position [26], and radiographi-
cally by orthoroentgenography [1, 27], measuring the
femoral length from the superior margin of the acetabulum
to the distal end of the lateral femoral condyle, and the
tibial length from the proximal aspect of the lateral tibial
plateau to the midpoint of the tibial plafond, to estimate leg
length as accurately as possible, avoiding the difficulties
resulting from the pelvic obliquity, an extremely abnormal
position, or a flexion deformity [40]. All patients had
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Total number of patients

between 1980 and 2000
65 patients (67 hips)

with fused hips converted to THA

<

5 patients (7 hips) excluded
3 with rheumatologic disease (5 hips)
2 with fused hips before maturity

2 patients died
3 were lost to followup
between 1980 and 2000

Study cohort Primary THA cohort
55 patients (55 hips) 55 patients (55 hips)

3 patients died 2 patients died
4 patients lost 3 patients lost
to last followup to last followup

v v

Reviewed at last followup
Assessment completed
48 patients (48 hips)

Reviewed at last followup
Assessment completed
50 patients (50 hips)

Fig. 1 A flow diagram shows the method of patient inclusion and exclusion in the study and control cohorts.

perceptible contraction of the abductor muscles on palpa-
tion. A Charnley class [13] was assigned to each patient
based on his or her condition before THA. The HHS was
used for all patients before and after the THA. From 1990,
medical records included the questionnaire proposed by the
Hip Society [35].

A control cohort of 55 patients undergoing unilateral
PTHA between January 1, 1980, and January 1, 2000, was
extracted from the database of our hospitals to compare
with the study cohort. Patients needed a complete medical
record and were included only after expressing their will-
ingness to participate in the study and to complete the
followup. Multivariable matching was 1:1 for gender, age
at THA (£ 5 years), Charnley class before THA, fixation
of the implanted prosthesis, and followup from THA
(£ 2 years). We always used a 28-mm diameter head and a
metal ultrahigh molecular weight polyethylene bearing
couple. In January 2010, two of the 55 patients in the
PTHA cohort had died and three others were lost to fol-
lowup. Fifty patients remained available to be fully
assessed. Data from patients who died or were lost to fol-
lowup were not used in this study.

At surgery we attempted to place the prosthesis in an
anatomic position and with an appropriate orientation to
restore normal biomechanics. In the study cohort, the

approach was posterolateral in 12 patients, anterolateral in
21, and transtrochanteric in 15. In the control cohort, the
approach was posterolateral in 29 patients and anterolateral
in 21. Femoral neck osteotomy was performed on the
preoperatively planned site and direction. The inferior
margin of the acetabulum, obturator foramen, and ischial
tuberosity were identified to determine the position of the
acetabulum. Intraoperative radiographic control is recom-
mended to confirm the exact location of the acetabulum.
A suitable cavity was prepared by deepening the medial
acetabular wall. Neck length and offset of the prosthesis
were selected to confer a convenient soft tissue tension,
stable reduction, and adequate limb length. Care was taken
to preserve the greater trochanter and hip abductors during
stem implantation. An adductor tenotomy was performed
in 22 of 48 hips at the end of the conversion procedure,
only when the hip could not be passively abducted greater
than 15°.

All patients received antibiotic prophylaxis at the time
of THA and 3 weeks of postoperative antithrombotic pro-
phylaxis with unfractionated heparin until 1993; we used
low molecular weight heparin after 1993. When fusion was
related to tuberculosis, specific drugs were prescribed for
6 months to avoid reactivation of the disease [29]. Mea-
sures to prevent heterotopic ossifications were not used.
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Table 1. Demographic and perioperative clinical data

Variable Study cohort PTHA cohort p Value
Number of patients/hips 48/48 50/50
Number of males/females 34/14 33/17 0.6
Age at fusion (years)* 26 (17-41)
Primary diagnosis (number of patients)
Tuberculosis 18 (37%) 2 (4%)
Septic arthritis 9 (19%) 0
Posttraumatic arthritis 8 (17%) 11 (22%)
Developmental dysplasia 10 (21%) 18 (36%)
Sequelae - epiphysiolysis 2 (4%) 5 (10%)
Sequelae - Perthes disease 1 2%) 5 (10%)
Necrosis femoral head 0 9 (18%)
Time from fusion to THA (years)* 26 (3-47)
Age at THA (years)* 52 (31-68) 53 (40-69) 0.6"
PreTHA Charnley class (number of hips) 0.5
A 6 (12%) 7 (14%)
B 9 (19%) 14 (28%)
C 33 (69%) 29 (58%)
Abductor muscle strength (manual-testing grade) < 0.001%
0 0 0
1 5 0
2 9 2
3 18 19
4 16 19
5 0 10
Leg-length discrepancy (cm)* 3.4 (0-6.6) 0.9 (0-2.5)
PreTHA HHS (0-100 worst to best)™ ¥ 60.2 £+ 6.7 62.0 £ 6.3 0.18"
60.5 (47-78) 62 (48-73)
PreTHA RIM QOL* 0.87 (0.7-0.95) 0.87 (0.7-0.95) 0.7"
Type of THA implanted (number of patients) 0.91%
Fully cemented 12 (25%) 14 (28%)
Hybrid 10 (215) 9 (18%)
Fully uncemented 26 (54%) 27 (54%)
Followup from THA (years)* 17 (10-29) 16 (10-27) 0.3"

* Values are expressed as mean, with range in parentheses; Tvalues are expressed as mean + SD; ¥values are expressed as median, with range in
parentheses; Scrosstabulation; IStudent’s t test; 1‘Mann—Whitney test; HHS = Harris hip score; RIM = Rosser Index Matrix; QOL = quality of life.

Immediately after the operation, passive motion exer-
cises and isometric and isotonic exercises for hip abductor
and flexor muscles were started with the assistance of a
physiotherapist. Patients progressed from partial to full
weightbearing using two crutches for 4 weeks, one crutch
for 4 weeks, and one cane for at least 3 months
postoperatively.

In January 2000, a consultant orthopaedic surgeon (VQ),
not involved in the surgeries and without information from
the medical records, interviewed and examined all patients.
They were followed prospectively from this point and asked
to return every 2 years thereafter for clinical and
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radiographic evaluations until the last review in January
2010. Followup data were collected prospectively using the
above-mentioned questionnaire and the HHS.

One of us not involved in the surgical procedure (AM Jr)
and an experienced radiologist (AM) examined, indepen-
dently and blinded to each other, preoperative and
postoperative AP radiographs of the pelvis, and serial AP
in neutral rotation and lateral radiographs of the hip, taken
between the time of surgery and 2010. The ratio between
abductor and body weight moment arms and height of the
acetabulum were measured and compared with the con-
tralateral side [40]. We assessed the position of the center
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Table 2. The Rosser Index Matrix

Grade Description

Disability (function)

I No disability
11 Slight social disability
III Severe social disability and/or impairment of

performance at work

v Choice of work or performance at work
severely limited

Housewives and old people are able to do light
housework only but able to go shopping

\Y% Unable to undertake any paid employment
Unable to continue any education

Old people confined to home except for
escorted outings and short walks and unable
to do any shopping

VI Confined to chair or wheelchair or able to move
around in the house only with support from
an assistant

VII Confined to bed
VIII Unconscious

Distress (pain)

A No distress
B Mild

C Moderate
D Severe

(Reprinted with permission of Oxford University Press from Robinson
AH, Palmer CR, Villar RN. Is revision as good as primary hip
replacement? A comparison of quality of life. J Bone Joint Surg Br.
1999;81:42-45.)

of rotation of the arthroplasty, inclination angle of the cup
and femoral offset [41], loosening (using the criteria of
DeLee and Charnley for the acetabular component [19],
and the criteria of Engh et al. [22], Gruen et al. [28], and
Harris et al. [32] for the femoral component), wear using
the method of Livermore et al. [44], and heterotopic ossi-
fication using the classification of Brooker et al. [10]. There
were no missing radiographs for any patient. Interobserver
variability was determined and expressed using the «
coefficient. The reproducibility of measurements was 0.88
for the joint center location, 0.93 for orientation of the
acetabular component, 0.84 for femoral offset, 0.81 for
interpreting radiolucencies, 0.79 for magnitude of wear,
and 0.95 for grade of heterotopic ossification.

Patients, assisted by a trained interviewer (NG) without
physician input, completed the evaluation questionnaires in
2000 and 2010. Patients were reassured comments would
be kept strictly confidential. The RIM [61] was used to
assess QOL of the patients. The RIM (Table 2 allows the
HHS to be translated directly into the RIM categories to
derive QOL scores (from —1.486 indicating a state worse

Table 3. Quality of life score for each Rosser Index Matrix
distress/disability combination

Disability Distress
A B C D

I 1.000 0.995 0.990 0.967
II 0.990 0.986 0.973 0.932
111 0.980 0.972 0.956 0.912
v 0.964 0.956 0.942 0.870

0.946 0.935 0.900 0.700
VI 0.875 0.845 0.680 0.000
VII 0.677 0.564 0.000 —1.486
VIIL —1.028

(Reprinted with permission of Oxford University Press from Robinson
AH, Palmer CR, Villar RN. Is revision as good as primary hip
replacement? A comparison of quality of life. J Bone Joint Surg Br.
1999;81:42-45.)

than death to 1.000 indicating complete normality)
(Table 3) [60]. To calculate changes in QOL between
before and after surgery, information was obtained by
reprocessing the preoperative collected data and from the
questionnaires completed by patients at the followup.

The SF-36 [48, 75, 76], translated into Spanish, vali-
dated and normalized to the Spanish population [2, 3], also
was used as a patient-based generic evaluation tool to
assess health-related QOL. The eight domains of SF-36
were completed and the Physical Component Summary
(PCS) score and Mental Component Summary (MCS)
score [75] were generated. The OHS was used as a THA-
specific tool to evaluate health-related QOL [16].

All complications and failures were collected from
medical records and from patient followup. We classified
complications as minor and major. A major complication
was one that had the potential for permanent morbidity or
disability, or needing revision (failure) of the THA [14].

Finally, in 2010, all patients were personally inter-
viewed regarding their level of satisfaction with their
arthroplasty using the questionnaire proposed and validated
by Robertsson and Dunbar [59]. Three questions were
asked: the first asked if there were any reoperations to the
index hip; the second if there was disease in other joints;
and the third requested the patient indicate how satisfied he
or she is with the surgically treated hip by choosing either
(D very satisfied, (I) satisfied, (III) uncertain, or (IV)
unsatisfied [59].

Descriptive statistics were used for distribution of data.
Scores were reported as medians and ranges and means and
SDs for comparison with published studies. We determined
differences in age of the patients at THA, years of followup
from THA, and points gained in the HHS and RIM QOL
from before the THA to the 2000 followup, between the
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study cohort and the PTHA cohort using Student’s t test.
We determined differences in patient gender, Charnley
class before the THA, type of prosthesis implanted, post-
operative Trendelenburg sign, limp and need for
ambulatory aids, complications and failures, and patient
satisfaction between the two cohorts using cross-tabulation.
We determined differences in HHS, RIM QOL, OHS, and
SF-36 scores, between both cohorts using the Mann-
Whitney test. We determined differences in HHS, RIM
QOL, OHS, and SF-36 scores, between the two followup
dates in each cohort using the Wilcoxon signed-rank test.
An actuarial life table was constructed and survival data
were calculated using the Kaplan-Meier method. Revision
for any cause was the end point. Curves were compared
using log-rank tests. A post hoc power calculation was
performed recognizing a difference of means of 7 points
and a difference in SD of £ 13 in HHS as a clinically
important change, with significance of 0.05 in a one-tailed
test. Power of the study was 85%. Statistical analyses were
performed with Statgraphics™ Centurion XVLI (Statpoints
Technologies Inc, Warrenton, VA, USA).

Results

The HHS and RIM QOL increased (p < 0.001) from before
to after THA in both cohorts. In the study cohort the mean
HHS increased from 60.2 & 6.7 at the time of conversion to
83.3 & 13.0 at the 2000 followup, and in the PTHA cohort,
the mean HHS increased from 62.0 £+ 6.3 at the time of
conversion to 80.9 & 13.2 at the 2000 followup. There was
no difference (p = 0.14) in this increase after THA between
the cohorts nor the increase (p = 0.92) of RIM QOL after
THA between cohorts. There were no differences in the
HHS, RIM QOL, OHS, and SF-36 subscales scores
between cohorts in either 2000 or 2010, except for a higher
(p = 0.02) Role Physical score in the study cohort than in
the PTHA cohort at the 2000 followup and higher (p = 0.03
in 2000 and p = 0.003 in 2010) Role Emotional and MCS
scores in the study cohort than in the PTHA cohort at both
followups (Table 4).

Scores diminished somewhat overall in both groups
from 2000 to 2010. However, in the study cohort this
reduction was not significant for HHS (p = 0.06), RIM
QOL (p =0.31) and OHS (p = 0.2) between 2000 and 2010.
In the PTHA cohort, the HHS and RIM QOL scores
decreased (p = 0.02 and p = 0.001, respectively) between
2000 and 2010. In the SF-36, the General Health score
decreased (p = 0.03) between 2000 and 2010, as did the
Vitality (p = 0.02), Social Function (p < 0.001), Role
Emotional (p = 0.01), and the PCS scores (p < 0.001). In
this group the OHS increased (p = 0.01) between 2000 and
2010.

@ Springer

In 2010, 43 patients had no pain related to the converted
hip. Twenty-five of 30 patients (86%) experienced complete
or nearly complete relief (83%) of knee pain and 24 of 28
(86%) had complete or nearly complete relief of back pain.
Five patients required an ipsilateral TKA from 17 to
69 months after conversion. No surgery has been needed for
back or contralateral hip pain. The mean LLD was 1.3 cm
(range, 0.8-2 cm) after conversion surgery. Strength of the
abductor muscle was graded as 4 in 30 patients, 3in 11, 2 in
five, and 1 in two using the standard scale for manual
muscle-testing (from O to 5 points) after conversion, and 5
in 10 patients, 4 in 23, 3 in sixteen, and 2 in one after PTHA.
Strength of the abductor muscle was greater (p = 0.002) in
the PTHA cohort than in the study cohort. Eighteen patients
(37%) in the study cohort and 21 (42%) in the PTHA cohort
had a positive Trendelenburg sign. There was no difference
(p = 0.64) in positive Trendelenburg sign between patients
of the study and PTHA cohorts. Twenty patients (42%) in
the study cohort and 23 (46%) in the PTHA cohort walked
with a totally normal gait, 10 patients (21%) in the study
cohort and 12 (24%) in the PTHA cohort had a limp but
were able to walk without aids, 11 (23%) in the study cohort
and seven (14%) in the PTHA cohort had a moderate limp
and needed a cane to walk long distances, four (8%) in the
study cohort and six (12%) in the PTHA cohort had a
marked limp and used a cane often, and three (6%) in the
study cohort and two (4%) in the PTHA cohort had a severe
limp and always used a cane. There were no differences in
limp (p = 0.66) or use of ambulatory aids (p = 0.6) between
the two cohorts.

Ten minor complications occurred in patients in the
study cohort: peroneal nerve palsy that fully resolved in
one, phlebitis in one, detachment of the greater trochanter
in one, painful trochanteric wires in two, and Brooker
Classes I to III heterotopic calcifications without functional
limitations in five. In the PTHA cohort there were six
minor complications: postoperative respiratory distress in
one, phlebitis in three, superficial infection in one, and
Brooker Class II heterotopic calcification without limita-
tion of mobility in one. Two patients in the study cohort
and none in the PTHA cohort experienced an infection.
Three cases of aseptic loosening of two cemented and one
noncemented acetabular component occurred in the study
cohort, and five cases involving two cemented and one
noncemented acetabular component and two cemented
femoral stems occurred in the PTHA cohort. Four patients
in the study cohort and three in the PTHA cohort showed
wear greater than 0.2 mm per year, and two and four
patients, respectively, showed wear and osteolytic lesions.
No patients in the study cohort and one in the PTHA cohort
experienced a dislocation. The overall rate of complica-
tions was 21 in the study cohort and 19 in the PTHA
cohort, with no difference (p = 0.56) between cohorts.
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Table 4. Comparison of outcomes between the study and primary THA cohorts at 2000 and 2010 followups

Scoring parameter Study cohort (1) Primary THA cohort (2) p Value
(1 vs2)

January 2000 January 2010 p Value January 2000 January 2010 p Value 2000 2010

HHS (0-100 worst to best)”"  83.3 + 13.0 80.9 + 13.2 0.06" 81.1 + 13.9 794 + 154 0.02" 0477 0.927

89.5 (43-98) 85.5 (43-96) 85 (50-97) 85.5 (40-97)
RIM QOL? 0.986 (0.039) 0.986 (0.044) 0.31" 0.986 (0.039) 0.971 (0.03) 0.001"  0.957 0.8
OHS (12-60 least to most 214493 229 + 94 0.2" 229 +9.1 244 + 104 0.01" 037" 0.54"
difficulties)”" 19 (12-51) 20 (12-52) 20.5 (12-47) 22 (12-52)
SF-36 scores
(0-100 worst to best)""
Physical Function 69.8 & 24.1 63.1 & 20.7 0.002"  65.3 4+ 26.6 63.8 & 26.3 0.07"  0.63" 05"
75 (10-100) 65 (10-90) 70 (20-100) 70 (15-95)
Role Physical 64.7 + 27.0 543 + 23.1 0.004"  50.7 + 283 492 + 303 051" 0.02" 0.53"
75 (0-100) 50 (0-100) 50 (0-100) 50 (0-100)
Bodily Pain 54.7 + 19.8 53.8 &+ 20.5 1" 63.8 + 32.9 57.1 £ 274 0.0009" 0.08" 0.237
62 (12-74) 62 (0-74) 65.5 (0-100) 65.5 (0-100)
General Health 68.9 + 28.5 63.9 + 28.0 0.04" 6624294 64.6 &+ 29.3 0.03" 0497 03817
82 (5-100) 77 (0-97) 79.5 (0-97) 77 (0-97)
Vitality 59.7 £+ 16.5 58.64 + 17.2 0.48" 5754 14.7 56.2 + 13.6 0.02" 03" o0.18"
65 (20-80) 62.5 (20-80) 60 (20-75) 60 (20-75)
Social Function 61.7 + 28.1 59.6 + 26.8 0.66" 57.8 + 344 51.3 +29.8 0.0001" 0.797 0.23"
75 (0-100) 75 (0-100) 62.5 (0~100) 50 (0-100)
Role Emotional 82.5 4 24.7 80.5 &+ 26.4 0.5" 66.9 + 35.7 62.3 + 33.1 0.01" 0.03" 0.003"
100 (0-100) 100 (0-100) 66.7 (0~100) 66.7 (0~100)
Mental Health 78.5 + 19.9 773 + 212 072" 7394213 73.1 +21.2 0.057"  0.127 0.09"
90 (24-96) 90 (24-96) 84 (24-100) 84 (20-96)
PCS 419 £ 9.7 39.8 + 8.4 0.004" 423 + 112 40.8 £+ 10.9 0.0001" 058" 0.31"
46.3 (20.4-54.5) 38.9 (20.4-52.3) 44.9 (20.9-57.7) 42.5 (18.8-56.1)
MCS 513+ 9.0 51.5+99 0.06" 478 £10.3 46.6 + 9.7 0.057"  0.017 0.001"
55.6 (25.7-60.3) 56.9 (25.2-60.7) 52.1 (27.9-60.2) 51.9 (27.9-57.2)
Patients satisfied (number of patients)
Very satisfied 28 (58%) 28 (56%)
Satisfied 11 23%) 14 (28%)
Uncertain 3 (6%) 1 2%)
Unsatisfied 6 (12%) 7 (14%) 0.7
Revision (number of patients) 4 (8%) 11 (23%) 3 (6%) 13 (26%) 0.72%
Infection 1 2 0

Aseptic loosening 2
Wear 0
1
0

5
3
Wear and osteolysis 4
1

S N W
S O O W

Recurrent dislocation

* Values are expressed as mean + SD; fvalues are expressed as median, with range in parentheses; *values are expressed as median, with
interquartile range in parentheses; Scrosstabulation; "Wilcoxon signed-rank test; "Mann-Whitney test; VAS = visual analog scale; PCS = Physical
Component Summary; MCS = Mental Component Summary; OHS = Oxford Hip Score; HHS = Harris hip score; RIM = Rosser Index Matrix;

QOL = quality of life.

The revision rate was 23% in the study cohort and 26% in Thirty-seven arthroplasties remained unrevised in our
the PTHA cohort, with no difference (p = 0.72) between  two cohorts in 2010. Survivorship analysis of THA in the
cohorts. study cohort predicted a probability of survival of 93% at
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Fig. 2 A Kaplan-Meier survival curve of the study cohort shows a
probability of survival of 93% at 10 years, 83% at 20 years, and 52%
at 30 years. Confidence intervals are represented as the dashed lines.
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Fig. 3 In a comparison of survival probabilities between cohorts, no
difference (p = 0.26) was found using Cox proportional hazards
analysis. Cohort 1 = study cohort; Cohort 2 = control cohort.

10 years, 83% at 20 years, and 52% at 30 years (Fig. 2). In
the PTHA cohort the probability of survival was 96% at
10 years, 70% at 20 years, and 39% at 30 years. Com-
parison of survival between cohorts (Fig. 3) did not show a
difference (p = 0.25).

There was no difference (p = 0.7) in patient satisfaction
between the study cohort and the PTHA cohort. In the
study cohort, 28 patients were very satisfied, 11 were
satisfied, three were uncertain, and six were unsatisfied. In
the PTHA cohort, these figures were 28, 14, one, and seven
patients, respectively.

@ Springer

Discussion

Between 10% and 21% [12, 63, 64, 70] of patients with
fused hips eventually request conversion to a THA,
unwilling to accept the functional effects of ankylosis in
daily living and the associated symptoms attributable to
progressive deterioration of the neighboring joints. How-
ever, some authors believe that function, range of mobility,
muscle strength, persistence of limp, and need for assistive
walking aids are less satisfactory after conversion of a
fused hip to a THA compared with a conventional PTHA
[40, 52, 53, 55, 57, 62, 69], with a rate of major compli-
cations ranging from 15% to 54% [40, 53, 55, 57, 62, 65,
73, 74]. However, some consider it a satisfactory procedure
[30, 36, 54, 62], achieving similar improvement of symp-
toms, success rate, patient satisfaction, and survivorship as
a PTHA [4, 40, 49]. To address this controversy, we
compared THA after hip arthrodesis and PTHA to deter-
mine whether these procedures would produce similar
(1) functional results, (2) maintenance of scores, (3) com-
plications and failures, (4) survivorship of the arthroplasty,
and (5) patient satisfaction.

We note some limitations. First, data gathered before
2000 were obtained by retrospective review of data exist-
ing in the medical records at that time. SF-36 and OHS
scores previous to THA were not available because these
questionnaires were not used in this study before 2000.
However, all followup data relevant to the study were
collected prospectively and there were no missing data.
Second is the possibility of reporting bias. Although
patients were reassured regarding confidentiality of their
answers, it is possible they were inclined to report more
favorable scores during the interview [43, 52]. It also is
possible patients lost to followup were dissatisfied with the
outcome of their THA and therefore discontinued care at
our institutions. These factors would bias the scores
upward but would not necessarily influence the relationship
between the parameters studied. Third, translation of
existing HHS data into Rosser categories could be a source
of error and subjectivity [15]. Finally, the relatively small
size of the cohorts might limit the ability to draw mean-
ingful conclusions. However, samples of patients with
fused hips are scarce. Only Joshi et al. [36] and Sirikonda
et al. [65] have reported more patients than in our study
(Table 5). We used clinical rating systems with high
responsiveness and effect size [17, 33, 51]. Strict patient
matching, achieving no differences in demographic and
perioperative clinical data between the two cohorts, exact
adherence to the study protocol, length of followup, and the
combination of a surgeon-administered hip-specific score
measuring hip function and a patient self-administered
health-related QOL survey enhance the validity of
data [43]. Richards and Duncan [57] wused only
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Table 5. continued

1S

% of patients
satisfied

Survival rate (95%

CD)

Number (% THA)
of minor/major
complications

HHS before and
after conversion®

Followup
THA (years)*

Age at
conversion
(years)*

fusion-THA*

Years

Number of
patients/hips

Study (year)

Springer

75

74% (55.4%-93%)

not reported/
14 (54%)

OHS, SF-36,

9 (2-21)

20 (18-28) 49 (25-74)

26/26

Richards and

at 10 years

WOMAC,

Duncan [57]

(2010)
Current study

UCLA scores

60 (47-78)/
85 (43-96)

81

93% (87.3%—-100%)

10 (20%)/
11 (23%)

52 (31-68) 17 (10-29)

26 (3-47)

48/48

at 10 years
83% (60%-95.1%)

(2010)

at 20 years
52% (29.8%-79.1%)

at 30 years

* Values are expressed as mean, with range in parentheses; SD = standard deviation; 95% CI = 95% confidence interval.

self-administered QOL outcome questionnaires in their
study, but we think the combination of a surgeon-
administered hip-specific score (HHS) measuring hip func-
tion, and a patient self-administered health-related QOL
survey allows for a more global assessment of patients [43].

Our data confirm that of other studies [29, 36, 40, 49,
54, 58, 65] documenting improved function and QOL after
conversion and similar to the improvements after a PTHA
(Table 5). The HHSs achieved by our patients after con-
version were similar to those reported in other studies
[53, 58, 62] and, although lower than those for the PTHA
for the general population [37, 42], they were comparable
or better than those obtained in other particular populations
such as young patients, patients with high demands, or
patients with an important handicap secondary to multi-
variate hip disorders or polyarticular impairment [43, 56].
The change in HHS after THA was greater in our series
than in other studies [54, 55]. We further observed a
change in QOL from before THA to after THA. The
magnitude of change of QOL achieved after conversion in
our study cohort was halfway between the values obtained
by Robinson et al. [60] after PTHA and after revision
THA. In our study cohort, after conversion surgery scores
in physical domains were higher than those reported by
Richards and Duncan [57] and van Biezen et al. [74]. We
found similar PCSs and MCSs after conversion to those
after PTHA in our control group and those reported in the
literature [5, 39, 43, 71].

Functional outcomes and QOL of patients varied in our
study with time. We observed an improvement in scores
for some patients. This may be attributable to the long
period needed to achieve a definitive result, estimated as at
least 2 years and often 5 years or more [29, 49]. Never-
theless, the tendency was for an overall decrease in scores
between 2000 and 2010 but a smaller decrease than that for
the PTHA cohort and without significant differences for
HHS, RIM QOL, and OHS in the study cohort. The decline
of most functional and health-related QOL scores with
time after THA has been recognized as attributable more to
the change in patient’s age and/or medical condition than
to any factor related to the hip arthroplasty [8, 43, 50].

The complication and failure rates for our study cohort
were similar to those for the PTHA cohort and to those
reported for conversion [40, 53, 64]. However, our rates
were lower than some reported rates for this type of
procedure [45, 57, 62, 73, 74] or for PTHA in young
patients [67].

The revision rate and survival of THA after hip fusion
were similar to those reported in other studies of conver-
sion for hip ankylosis [29, 36, 40, 62, 73], better than those
reported by Peterson et al. [53] and Richards and Duncan
[57], and similar or better than those achieved with PTHA
in young or particular populations as mentioned above
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[6, 23, 66, 67]. Kilgus et al. [40] reported that young age of
patients does not have a negative effect on the survival of
the conversion of a fused hip to THA.

We agree with Bourne et al. [7] that the patient’s
opinion regarding outcome is one of the most important
issues. Patient satisfaction has been included in the
assessment of THA in many studies [9, 18, 20, 25, 38, 43,
47, 49]. Some authors have compared satisfaction after
THA with satisfaction after TKA [7], and others have
evaluated satisfaction after total joint replacement, pooling
THAs and TKAs [46]. The assessment of these procedures
is standardized and may be done in a similar way using
generic tools for both procedures [11, 46]. We used the
questionnaire proposed by Robertsson and Dunbar [59]
because it is short and simple, and validated against the
SF-36 and Oxford-12 scores. Patient satisfaction correlates
well with the specific and generic health outcome mea-
sures, with the highest correlation to the domains related to
pain and function [59]. The different levels of patient sat-
isfaction substantially reflect the changes in the mentioned
scores [17, 20]. The satisfaction rate and level of satis-
faction with conversion were similar between our study
cohort and reported rates [36, 45, 55, 57], and with reported
rates after PTHA [9, 20, 24, 47, 76]. Patient satisfaction
depends on a mixture of different factors and patient
expectations [16, 21, 43, 47], and patients in a worse pre-
operative condition tend to be more satisfied after THA
than those in better condition [17, 20, 21, 47]. The most
important factors contributing to satisfaction after conver-
sion are reportedly relief of knee or back pain,
improvement of function, greater mobility of the hip, and
correction of LLD [40]. Pain and walking ability have
more influence on satisfaction after PTHA [9, 24] or after
revision THA [21, 24, 34]. These parameters showed
similar improvements in our two study cohorts after
the THA.

Our study confirms conversion of a fused hip to a THA
improves hip function and satisfaction similar to that for a
PTHA.

Acknowledgments We thank Dr. Antonio Manchon for evaluation
of radiographs, Ana Labayen for generating the randomization list
and for help with the statistical analysis, and Nuria Grau from the
audit personnel.

References

1. Aaron A, Weinstein D, Thickman D, Eilert R. Comparison of
orthoroentgenography and computed tomography in the mea-
surement of limb-length discrepancy. J Bone Joint Surg Am.
1992;74:897-902.

2. Alonso J, Prieto L, Anto JM. [The Spanish version of the SF-36
Health Survey (the SF-36 health questionnaire): an instrument for

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

measuring clinical results] [in Spanish]. Med Clin (Barc).
1995;104:771-776.

. Alonso J, Regidor E, Barrio G, Prieto L, Rodriguez C, de la

Fuente L. [Population reference values of the Spanish version of
the Health Questionnaire SF-36] [in Spanish]. Med Clin (Barc).
1998;111:410-416.

. Beaulé PE, Matta JM, Mast JW. Hip arthrodesis: current indi-

cations and techniques. J Am Acad Orthop Surg. 2002;10:249—
258.

. Benroth R, Gawande S. Patient-reported health status in total

joint replacement. J Arthroplasty. 1999;14:576-580.

. Berry DJ, Harmsen WS, Cabanela ME, Morrey BF. Twenty-five-

year survivorship of two thousand consecutive primary Charnley
total hip replacements: factors affecting survivorship of acetab-
ular and femoral components. J Bone Joint Surg Am.
2002;84:171-177.

. Bourne RB, Chesworth B, Davies A, Mahomed N, Charron K.

Comparing patient outcomes after THA and TKA: is there a
difference? Clin Orthop Relat Res. 2010;468:542-546.

. Brinker MR, Lund PJ, Cox DD, Barrack RL. Demographic biases

found in scoring instruments of total hip arthroplasty. J Arthro-
plasty. 1996;11:820-830.

. Brokelman RB, van Loon CJ, Rijnberg WJ. Patient versus sur-

geon satisfaction after total hip arthroplasty. J Bone Joint Surg
Br. 2003;85:495-498.

Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. Ectopic
ossification following total hip replacement: incidence and a
method of classification. J Bone Joint Surg Am. 1973;55:1629—
1632.

Bullens PH, van Loon CJ, de Waal Malefijt MC, Laan RF,
Veth RP. Patient satisfaction after total knee arthroplasty: a
comparison between subjective and objective outcome assess-
ments. J Arthroplasty. 2001;16:740-747.

Callaghan JJ, Brand RA, Pedersen DR. Hip arthrodesis: a
long-term follow-up. J Bone Joint Surg Am. 1985;67:1328-
1335.

Charnley J. The long-term results of low-friction arthroplasty of
the hip performed as a primary intervention. J Bone Joint Surg
Br. 1972;54:61-76.

Clohisy JC, Oryhon JM, Seyler TM, Wells CW, Liu SS,
Callaghan JJ, Mont MA. Function and fixation of total hip
arthroplasty in patients 25 years of age or younger. Clin Orthop
Relat Res 2010 July 29. [Epub ahead of print]

Coast J. Reprocessing data to form QALYs. BMJ. 1992;305:
87-90.

Dawson J, Fitzpatrick R, Carr A, Murray D. Questionnaire on the
perceptions of patients about total hip replacement. J Bone Joint
Surg Br. 1996;78:185-190.

Dawson J, Fitzpatrick R, Frost S, Gundle R, McLardy-Smith P,
Murray D. Evidence for the validity of a patient-based instrument
for assessment of outcome after revision hip replacement. J Bone
Joint Surg Br. 2001;83:1125-1129.

Dawson J, Jameson-Shortall E, Emerton D, Flynn J, Smith P,
Gundle R, Murray D. Issues relating to long-term follow-up in
hip arthroplasty surgery: a review of 598 cases at 7 years com-
paring 2 prostheses using revision rates, survival analysis, and
patient-based measures. J Arthroplasty. 2000;15:710-717.
DeLee JG, Charnley J. Radiological demarcation of cemented
sockets in total hip replacement. Clin Orthop Relat Res.
1976;121:20-32.

de Nies F, Fidler MW. Visual analog scale for the assessment of
total hip arthroplasty. J Arthroplasty. 1997;12:416—419.

Eisler T, Svensson O, Tengstrom A, Elmstedt E. Patient expec-
tation and satisfaction in revision total hip arthroplasty.
J Arthroplasty. 2002;17:457-462.

@ Springer



1982

Fernandez-Fairen et al.

Clinical Orthopaedics and Related Research®

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Engh CA, Massin P, Suthers KE. Roentgenographic assessment
of the biologic fixation of porous-surfaced femoral components.
Clin Orthop Relat Res. 1990;257:107-128.

Eskelinen A, Remes V, Helenius I, Pulkkinen P, Nevalainen J,
Paavolainen P. Total hip arthroplasty for primary osteoarthrosis
in younger patients in the Finnish arthroplasty register: 4,661
primary replacements followed for 0-22 years. Acta Orthop.
2005;76:28-41.

Espehaug B, Havelin LI, Engesceter LB, Langeland N, Vollset
SE. Patient satisfaction and function after primary and revision
total hip replacement. Clin Orthop Relat Res. 1998;351:135-148.
Forsythe ME, Whitehouse SL, Dick J, Crawford RW. Functional
outcomes following nonrecurrent dislocation of primary total hip
arthroplasty. J Arthroplasty. 2007;22:227-230.

Gogia PP, Braatz JH. Validity and reliability of leg length mea-
surements. J Orthop Sports Phys Ther. 1986;8:185—-188.

Green WT, Wyatt GM, Anderson M. Orthoroengenography as a
method of measuring the bones of the lower extremities. Clin
Orthop Relat Res. 1968;61:10-15.

Gruen TA, McNeice GM, Amstutz HC. “Modes of failure” of
cemented stem type femoral components: a radiographic analysis
of loosening. Clin Orthop Relat Res. 1979;141:17-27.
Hamadouche M, Kerboull L, Meunier A, Courpied JP, Kerboull
M. Total hip arthroplasty for the treatment of ankylosed hips: a
five to twenty-one-year follow-up study. J Bone Joint Surg Am.
2001;83:992-998.

Hardinge K, Murphy JC, Frenyo S. Conversion of hip fusion to
Charnley low-friction arthroplasty. Clin Orthop Relat Res.
1986;211:173-179.

Harris WH. Traumatic arthritis of the hip after dislocation and
acetabular fractures: treatment by mold arthroplasty: treatment by
mold arthroplasty. An end-result study using a new method of
result evaluation. J Bone Joint Surg Am. 1969;51:737-755.
Harris WH, McCarthy JC Jr, O’Neill DA. Femoral component
loosening using contemporary techniques of femoral cement
fixation. J Bone Joint Surg Am. 1982;64:1063-1067.

Hoeksma HL, Van den Ende CH, Ronday HK, Heering A,
Breedveld FC, Dekker J. Comparison of the responsiveness of the
Harris Hip Score with generic measures for hip function in
osteoarthritis of the hip. Ann Rheum Dis. 2003;62:935-938.
Jibodh SR, Kandil AO, Malchau H, Estok DM 2nd. Do com-
monly reported outcome measures reflect patient satisfaction
after revision hip arthroplasty? J Arthroplasty. 2010;25:41-45.
Johnston RC, Fitzgerald RH Jr, Harris WH, Poss R, Muller ME,
Sledge CB. Clinical and radiographic evaluation of total hip
replacement: a standard system of terminology for reporting
results. J Bone Joint Surg Am. 1990;72:161-168.

Joshi AB, Markovic L, Hardinge K, Murphy JC. Conversion of
a fused hip to total hip arthroplasty. J Bone Joint Surg Am.
2002;84:1335-1341.

Kalairajah Y, Azurza K, Hulme C, Molloy S, Drabu KJ. Health
outcome measures in the evaluation of total hip arthroplasties: a
comparison between the Harris hip score and the Oxford hip
score. J Arthroplasty. 2005;20:1037-1041.

Katz JN, Phillips CB, Baron JA, Fossel AH, Mahomed NN,
Barrett J, Lingard EA, Harris WH, Poss R, Lew RA, Guadagnoli
E, Wright EA, Losina E. Association of hospital and surgeon
volume of total hip replacement with functional status and sat-
isfaction three years following surgery. Arthritis Rheum. 2003;48:
560-568.

Keener JD, Callaghan JJ, Goetz DD, Pederson D, Sullivan P,
Johnston RC. Long-term function after Charnley total hip
arthroplasty. Clin Orthop Relat Res. 2003;417:148-156.

Kilgus DJ, Amstutz HC, Wolgin MA, Dorey FJ. Joint replace-
ment for ankylosed hips. J Bone Joint Surg Am. 1990;72:45-54.

@ Springer

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Krishnan SP, Carrington RW, Mohiyaddin S, Garlick N. Com-
mon misconceptions of normal hip joint relations on pelvic
radiographs. J Arthroplasty. 2006;21:409-412.

Laupacis A, Bourne R, Rorabeck C, Feeny D, Wong C, Tugwell
P, Leslie K, Bullas R. The effect of elective total hip replacement
on health-related quality of life. J Bone Joint Surg Am.
1993;75:1619-1626.

Lieberman JR, Dorey F, Shekelle P, Schumacher L, Kilgus DJ,
Thomas BJ, Finerman GA. Outcome after total hip arthroplasty:
comparison of a traditional disease-specific and a quality-of-life
measurement of outcome. J Arthroplasty. 1997;12:639-645.
Livermore J, Ilstrup D, Morrey B. Effect of femoral head size on
wear of the polyethylene acetabular component. J Bone Joint
Surg Am. 1990;72:518-528.

Lustig S, Vaz G, Guyen O, Tayot O, Chavane H, Bejui-Hugues J,
Carret JP. [Total hip arthroplasty after hip arthrodesis performed
for septic arthritis] [in French]. Rev Chir Orthop Reparatrice
Appar Mot. 2007;93:828-835.

Mahomed NN, Liang MH, Cook EF, Daltroy LH, Fortin PR,
Fossel AH, Katz JN. The importance of patient expectations in
predicting functional outcomes after total joint arthroplasty.
J Rheumatol. 2002; 29:1273-1279.

Mancuso CA, Salvati EA, Johanson NA, Peterson MG, Charlson
ME. Patients’ expectation and satisfaction with total hip
arthroplasty. J Arthroplasty. 1997;12:387-396.

McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-Item Short-
Form Health Survey (SF-36): II. Psychometric and clinical tests
of validity in measuring physical and mental health constructs.
Med Care. 1993;31:247-263.

Morsi E. Total hip arthroplasty for fused hips: planning and
techniques. J Arthroplasty. 2007;22:871-875.

Nilsdotter AK, Lohmander LS. Patient relevant outcomes after
total hip replacement: a comparison between different surgical
techniques. Health Qual Life Outcomes. 2003;1:21.

Ostendorf M, van Stel HF, Buskens E, Schrijvers AJ, Marting
LN, Verbout AJ, Dhert WIJ. Patient-reported outcome in total hip
replacement: a comparison of five instruments of health status.
J Bone Joint Surg Br. 2004;86:801-808.

Panagiotopoulos KP, Robbins GM, Masri BA, Duncan CP.
Conversion of hip arthrodesis to total hip arthroplasty. Instr
Course Lect. 2001;50:297-305.

Peterson ED, Nemanich JP, Altenburg A, Cabanela ME. Hip
arthroplasty after previous arthrodesis. Clin Orthop Relat Res.
2009;467:2880-2885.

Rajaratnam SS, Sexton SA, Waters TS, Walter WL, Zicat BA,
Walter WK. Long term results of cementless total hip replace-
ment for reversal of hip ankylosis. Hip Int. 2009;19:120-127.
Reikeras O, Bjerkreim I, Gundersson R. Total hip arthroplasty
for arthrodesed hips: 5- to 13-year results. J Arthroplasty.
1995;10:529-531.

Restrepo C, Lettich T, Roberts N, Parvizi J, Hozack WJ. Unce-
mented total hip arthroplasty in patients less than twenty-years.
Acta Orthop Belg. 2008;74:615-622.

Richards CJ, Duncan CP. Conversion of hip arthrodesis to total
hip arthroplasty: survivorship and clinical outcome. J Arthro-
plasty. 2010 March 24. [Epub ahead of print].

Rittmeister M, Starker M, Zichner L. Hip and knee replacement
after longstanding hip arthrodesis. Clin Orthop Relat Res.
2000;371:136-145.

Robertsson O, Dunbar MJ. Patient satisfaction compared with
general health and disease-specific questionnaires in knee
arthroplasty patients. J Arthroplasty. 2001; 16:476-482.
Robinson AH, Palmer CR, Villar RN. Is revision as good as
primary hip replacement? A comparison of quality of life. J Bone
Joint Surg Br. 1999;81:42-45.



Volume 469, Number 7, July 2011

Conversion of Hip Arthrodesis 1983

61.

62.

63.

64.

65.

66.

67.

68.

69.

Rosser RM, Watts VC. The measurement of hospital output. Int J
Epidemiol. 1972;1:361-368.

Schifer D, Dick W, Morscher E. Total hip arthroplasty after
arthrodesis of the hip joint. Arch Orthop Trauma Surg.
2000;120:176-178.

Schafroth MU, Blokzijl RJ, Haverkamp D, Maas M, Marti RK.
The long-term fate of the hip arthrodesis: does it remain a valid
procedure for selected cases in the 21st century? Int Orthop.
2010;34:805-810.

Schuh A, Zeiler G, Werber S. [Results and experiences of con-
version of hip arthrodesis] [in German]. Orthopdde. 2005;34:
218-224.

Sirikonda SP, Beardmore SP, Hodgkinson JP. Role of hip
arthrodesis in current practice: long term results following con-
version to total hip arthroplasty. Hip Int. 2008;18:263-271.
Sochart DH, Porter ML. Long-term results of total hip replace-
ment in young patients who had ankylosing spondylitis: eighteen
to thirty-year results with survivorship analysis. J Bone Joint
Surg Am. 1997;79:1181-1189.

Sochart DH, Porter ML. The long-term results of Charnley low-
friction arthroplasty in young patients who have congenital dis-
location, degenerative osteoarthrosis, or rheumatoid arthritis.
J Bone Joint Surg Am. 1997;79:1599-1617.

Sofue M, Kono S, Kawaji W, Homma M. Long term results of
arthrodesis for severe osteoarthritis of the hip in young adults. Int
Orthop. 1989;13:129-133.

Spangehl MIJ. Total hip arthroplasty after hip fusion. In:
Lieberman JR, Berry DJ, eds. Advanced Reconstruction: Hip.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Rosemont, IL: American Academy of Orthopaedic Surgeons;
2005:151-157.

Sponseller PD, McBeath AA, Perpich M. Hip arthrodesis in
young patients: a long-term follow-up study. J Bone Joint Surg
Am. 1984;66:853-859.

Stickles B, Phillips L, Brox WT, Owens B, Lanzer WL. Defining
the relationship between obesity and total joint arthroplasty. Obes
Res. 2001;9:219-223.

Stover MD, Beaulé PE, Matta JM, Mast JW. Hip arthrodesis: a
procedure for the new millennium? Clin Orthop Relat Res.
2004;418:126-133.

Strathy GM, Fitzgerald RH Jr. Total hip arthroplasty in the
ankylosed hip: a ten-year follow-up. J Bone Joint Surg Am.
1988;70:963-966.

van Biezen FC, van Gool RA, Reijman M, Verhaar JA. [Clinical
outcomes of total hip arthroplasty after previous hip arthrodesis]
[in Dutch]. Ned Tijdschr Geneeskd. 2007;151:2148-2153.

Ware JE, Kosinski M. Interpreting SF-36 summary health mea-
sures: a response. Qual Life Res. 2001;10:405-413; discussion
415-420.

Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36): I. Conceptual framework and item selection. Med
Care. 1992;30:473-483.

Wolfel AR, Walther M, Rader C, Beck H. [Endoprosthetic
management of patients with hip arthrodesis] [in German].
Z Orthop Ihre Grenzgeb. 2000;138:318-323.

Zeiler G, Schuh A. [Arthrodesis of the hip and its conversion] [in
German]. Orthopdde. 2004;33:939-956; quiz 957.

@ Springer



	Is Total Hip Arthroplasty after Hip Arthrodesis as Good as Primary Arthroplasty?
	Abstract
	Background
	Questions/purposes
	Patients and Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Patients and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


