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Hip arthrodesis remains a viable surgical technique in well selected patients, typically the 
young manual labourer with isolated unilateral hip disease. Despite this, its popularity with 
patients and surgeons has decreased due to the evolution of hip replacement, and is seldom 
chosen by young adult patients today. The surgeon is more likely to encounter a patient 
who requests conversion to total hip replacement (THR). The most common indications are 
a painful pseudarthrosis, back pain, ipsilateral knee pain or contralateral hip pain. 
Occasionally the patient will request conversion because of difficulty with activities of daily 
living, body image and perceived cosmesis. The technique of conversion and a discussion of 
the results are presented.
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Hip arthrodesis may be performed surgically
or ankylosis can occur spontaneously. In the
case of the latter, this is usually following infec-
tion. Arthrodesis is a procedure that has
declined in popularity, with the evolution of
both improved fixation methodologies and the
huge success of total hip replacement (THR).
The ideal candidate for the procedure used to
be the young, usually male, manual labourer
with monoarthrosis of the hip. There are a
number of indications in which hip arthrodesis
was, and might still be considered. This
includes significant deformity of the femur or
pelvis that precludes a THR, in the case of neu-
rological abnormalities where the risk of dislo-
cation is high or in the context of an increased
risk of failure of THR in a very young popula-
tion of patients. 

Albee appears to have presented the first
report of a hip arthrodesis in the English lan-
guage with an osteotomy of the femoral head
and sourcil performed to achieve flat opposing
surfaces without fixation.1 The osteotomy of
the femoral head was performed in line with
the superior aspect of the femoral neck and an
oblique osteotomy of the sourcil was per-
formed to create an abducted position of the
leg when the two surfaces were opposed.
Wilson2 described the use of an ilio-femoro-
plasty to achieve an extra-articular fusion of
the hip and Ghormley3 suggested the use of a
combination of intra and extra-articular bone
autografting to address the problem of nonun-
ion and pseudarthrosis. This method used the
harvested portion of the ilium, centred on the

anterior superior iliac spine, as a block graft
sited in a groove cut into the trochanter, neck,
head and ilium. Trumble, and later Brittain
described ischiofemoral arthrodesis with the
use of a tibial strut autograft.4,5

The use of internal fixation devices, such as
the Smith-Petersen nail to augment the stability
of the arthrodesis, resulted in fusion rates of
85% to 94% according to Watson-Jones and
Lange.6,7 The addition of a subtrochanteric
osteotomy,8 medialisation of the femoral head9

and the addition of lateral plate fixation10 were
subsequently recommended in order to
improve fusion rates.

Long term follow up of patients undergoing
hip arthrodesis suggests the results are reason-
able. Sponseller, McBeath and Perpich11

reported a minimum 20 year follow up of a
cohort of 53 successfully fused hips, where 41
patients were satisfied and able to work, five
were either not entirely satisfied or unable to
work but had not required conversion to THR
and seven required revision to THR. Calla-
ghan et al12 described a conversion to THR in
six out of 28 patients at a mean follow up of 35
years (17 to 50). Sofue et al13 had a minimum
15 year follow up of 40 patients, 38 of whom
were satisfied with no conversions to THR. At
a mean 18 year follow up of 30 patients from a
cohort of 47 undergoing hip arthrodesis,
Schafroth et al14 observed that conversion to
THR had been performed in seven and there
were six nonunions. Pain scores are generally
lower in the arthrodesed hip than in the back
or ipsilateral knee, and the position in which
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the hip is arthrodesed affects the likelihood of developing
these symptoms, particularly if the hip is fused in abduction.12

Common indications for the conversion of an arthrodesed
hip to a THR include pain arising from the lower back, ipsi-
lateral knee or contralateral hip, a painful nonunion or mal-
positioned arthrodesis, planned ipsilateral knee replacement
or fractures around the arthrodesis. It is important that the
origin of pain is accurately defined, and the functional
demands and expectations of the patient explored prior to
conversion, in order for the patient to decide whether the
anticipated risks and benefits are worthwhile.

Pre-operative assessment
The original reason why the arthrodesis was performed
should be sought. If the arthrodesis was performed for or
following infection, any history of delayed wound healing,
wound drainage, sinus formation or antibiotics following
previous hip surgery should be actively excluded. In the
presence of on-going infection, the authors recommend a
two-stage procedure is performed to ensure clearance of
infection before any definitive THR. The authors suggest a
protocol including an interval of three months between
procedures, with an articulating spacer in the interim where
possible and a minimum of six weeks intravenous antibiotic
therapy tailored to the sensitivities of any identified bacte-
ria. If doubt remains, frozen sections are performed on
intra-operative samples, in addition to many specimens col-
lected with separate clean instruments sent for microscopy,
culture and sensitivity. Patients with on-going infection are
informed that the final outcome could be a Girdlestone
excision arthroplasty15 with commensurately lower levels
of function. C-reactive protein and erythrocyte sedimentation
rate are routinely taken and we use thresholds of < 10 mg/L
and < 30 mm/hr respectively to define unacceptable levels.

Other imaging techniques such as a radio labelled white cell
scan can also be used.

A clinical examination should be performed to define
whether the hip is soundly fused, in what position the hip
has been arthrodesed, the amount of leg length discrepancy,
(LLD) (which can be difficult to assess, particularly in the
case of a malpositioned arthrodesis), and the integrity and
function of the abductors. We correlate the clinical and
radiological assessment of LLD in an attempt to define this
accurately. Long leg films or a CT scanogram of the legs
may be required in order to measure LLD accurately. If the
LLD > 3 cm, the patient is informed that complete correc-
tion of limb length is unlikely without excessive risk of neu-
rovascular damage.16 The risk is considered higher for a
long standing arthrodesis, particularly when it occurred in
childhood. 

The abductors are palpated for bulk and defects. The
patient is asked to attempt abduction in the arthrodesed hip
and the degree of contraction assessed. Electromyography
has been suggested to be useful but is not part of the
authors’ protocol. Further imaging, such as an ultrasound
scan (USS) or computerised tomography (CT) scan may
also be used; CT has the added benefit of allowing further
assessment of the bone stock and identifying if a pseudar-
throsis is present, which may in turn make the identifica-
tion of the true acetabulum and its floor straightforward.
Radiographs should include an anteroposterior (AP) view
of the pelvis and a true lateral of the arthrodesed hip. In the
case of femoral deformity, whole length AP and lateral
views of the femur should be included. Judet views or in the
case of retained metalwork, 60° oblique views may help
delineate the bone stock available. 

Pre-operative templating of the hip is performed on
the radiographs. Landmarks are identified that will be

Diagram showing the use of the
pubofemoral arch as an intra-opera-
tive landmark.

Fig. 1

Radiograph showing the ‘two screw danger sign’ which may indi-
cate the fixation of a bone block with a substantial portion of the
abductors attached.

Fig. 2
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encountered intra-operatively and may be used as reference
points. It is useful if the greater trochanter is still promi-
nent. If it is absent, the authors’ preferred reference point
for the femoral neck osteotomy is the pubo-femoral arch
(Fig. 1). If an extra-articular arthrodesis has been per-
formed, then its location should be noted as it will need to
be taken down during the procedure. 

 If the anatomy is relatively normal on the contralateral
side it can be used to gain an approximate idea of the
implant sizes, which are then checked against the arthro-
desed hip and the implant positions and orientations
marked. Metalwork and screw holes can also be used as
reference points. The location of metalwork may give
important clues as to intra-operative encounters. For exam-
ple, extra-articular screws were used by Thompson8 and
Davis17 to secure a large iliac crest graft with a substantial
portion of the abductors still attached, which strongly sig-
nals an attendant risk of post-operative instability (Fig. 2). 

Surgical technique (Figs 3 and 4)18

The patient is placed in the lateral decubitus position, with
the uppermost arthrodesed side. The limb is prepared and
draped to permit free positioning. Scars in the region are
marked. The ideal location of the incision lies over the mid
axis of the femur laterally and curves posteriorly by
approximately 20° at the tip of the trochanter. This may be
modified to allow for removal of metal ware or an extra-
articular arthrodesis. Where possible, previous incisions are
incorporated or excised. If the greater trochanter is still
defined with abductors attached, a trochanteric osteotomy
is performed. The osteotomised trochanter is reflected
proximally, with careful preservation of the superior gluteal

neurovascular bundle. The sciatic nerve is identified and
protected through the course of the procedure. The expo-
sure is extended so that landmarks such as the pubo-femo-
ral arch can be identified and the femoral neck osteotomy is
marked with reference to the landmarks: this may be con-
firmed with a radiograph. The osteotomy is performed, and
soft-tissue released around the proximal femur to allow
exposure of the acetabulum. If the arthrodesis was per-
formed with the head positioned concentrically within the
acetabulum, reaming can be focussed on the exposed neck,
with concentration on maintenance of the anterior and pos-
terior walls and columns of the pelvis and acetabulum. If
the head was not concentric, the superior margin of the ace-
tabular foramen should be exposed inferiorly, and the cen-
tre of the acetabulum referenced from there. The authors
routinely take a radiograph after reaming has commenced
in order to confirm position and orientation. Where the
location of the true floor of the acetabulum is not clear, the
surgeon can drill medially with a 2 mm drill and pass a
depth gauge. The bone quality will not be normal, therefore
revision acetabular components are preferred with supple-
mentary screw fixation. 

The femur is prepared according to the surgeon’s preferred
technique. This may need to be modified if a corrective or
subtrochanteric osteotomy is required. The stability of the
hip is assessed. There is a high risk of dislocation despite cor-
rect implant orientation and restoration of leg lengths and
offset, and the use of a constrained liner may be required.
When the trial reduction is performed, the tension on the sci-
atic nerve should also be checked. If a trochanteric osteot-
omy has been performed it is repaired with wires during
closure. If no defined trochanter was present, the gluteus

Pre-operative radiograph demonstrating a hip arthrodesis with a
laterally placed cobra plate.

Fig. 3

Post-operative radiograph
following removal of the
arthrodesis and conver-
sion to THR.

Fig. 4
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medius and minimus are reinserted directly to the femur. If
these are too retracted or atrophied, the fascia lata can be
attached to the femur.

Active abduction is avoided for the first six weeks post-
operatively, and weight bearing is limited to 50% of body
weight during this period. Precautions are taken to pre-
vent flexion beyond 90°, no adduction across the midline
and no internal rotation beyond neutral for the first
three months. External hip restraint is not routinely rec-
ommended, but if the abductors or their repair is tenuous,
an abduction limiting brace is used for the first six weeks.
Where there was no concern intra-operatively regarding
infection, parenteral antibiotics are continued for the first
24 hours. If there was some suspicion however, an antibi-
otic is continued until the microbiology specimens are
clear. If Brooker grade three19 or above heterotopic ossifi-
cation was present pre-operatively or if the arthrodesis
occurred spontaneously, prophylaxis is used, either with
indomethacin, or a single low dose of peri-operative
radiotherapy.

Outcomes of conversion
Conversion of hip arthrodesis to THR is infrequently per-
formed, and information on outcomes limited by the size of
reported series and the relatively short periods of follow up
(Table I). Only one series reports has results of more than
100 cases20 and only two series have a minimum of ten
years follow up or more.21,22

The period of recovery following conversion of hip
arthrodesis to THR is longer than that following primary
or revision surgery. Functional recovery following primary

and revision THR reaches a plateau at one year.23 Morsi24

observed that improvement continued up until three years
after conversion surgery, with 11 out of 18 patients not
requiring a walking aid at final follow-up and Kilgus et al25

reported improvement in abductor function up two years.
Gait assessment of one case by Bonin et al demonstrated
alterations in recorded gait parameters up to 2.5 years fol-
lowing conversion.26 Persistent limp was reported by
Abdel-Aal et al27 in four out of 15 patients one year follow-
ing surgery, and this fell to two out of 15 cases after three
years. Lubahn et al28 reported that half of their patients
were Trendelenburg negative at one year post surgery but
that there had been no change in the use of walking aids
compared with their pre-operative use, and this was similar
to other results.29 Brewster et al30 found that 28 out of
33 cases did not require a walking aid at one year following
operation, contrary to the findings of Aderinto et al31

(15 out of 18 cases), Rittmeister et al32 (eight out of 13
cases) and Peterson et al,33 where 87% of patients had a
limp and 61% required walking aids. Reikerås et al34

reported an increase in the use of walking aids in the
medium to long term, and Fernandez-Fairen et al21

reported lower abductor strength in a group of patients
converted from arthrodesis to THR compared with pri-
mary THR.

In the authors’ experience, approximately one third of
patients undergoing conversion to THR report complete
relief of their presenting complaint, with the remainder
reporting good relief,35 which is similar to the findings in
other centres.33,34 Pain is variably relieved by conversion to
THR. Brewster et al30 reported pain relief in 31 out of 33

Table I. Summary of papers reporting outcome of conversion of hip fusion to total hip replacement series (N/A, not reported)

Author (Year)
No. of patients 
(hips)

Mean age at 
conversion 
(yrs) (range)

Mean duration 
fusion
(yrs) (range)

Mean follow-up 
(yrs) (range)

Main outcome 
score used*

Pre-operative 
score

Post-operative 
score

Survivorship (95% 
CI at interval where 
reported)

Abdel-Aal et al27 12 (16) 29 (16 to 48) 15 (3 to 38) 1 (N/A) HHS 42 (39 to 51) 76 (44 to 86) N/A

Aderinto et al31 18 (18) 53 (21 to 77) 33 (11 to 60) 5 (2 to 15) HHS 49 (37 to 61) 75 (39 to 90) 89%

Amstutz et al39 16 (16) 50 (27 to 64) 33 (7 to 62) 1.5 (1 to 3) Modified MdA 3.8/5.3/5.0 8.5/6.3/5.8 N/A

Brewster et al30 33 (33) N/A (24 to 69) N/A (1 to 3.5) N/A N/A N/A 94%

Fernandez-Fairen et al21 48 (48) 52 (31 to 68) 26 (3 to 47) 17 (10 to 29) HHS 60 (47 to 78) 85 (43 to 96) 83% (60 to 95)
at 20 yrs

Hamadouche et al36 45 (45) 56 (28 to 80) 36 (3 to 65) 8 (5 to 21) MdA 11.3 +/ to 0.7 16.5 +/ to 1.5 91% (78 to 100) 
at 10 yrs

Hardinge et al38 52 (54) 59 (32 to 74) 21 (2 to 58) 2.5 (1 to 11) MdA 4.6/3.3/1.0 5.9/5.0/4.7 100%

Joshi et al20 187 (208) 51 (20 to 80) 27 (10 to 69) 9 (2 to 26) MdA 4.7/3.3/1.0 5.6/4.5/4.1 90% (85 to 96) 
at 15 yrs

Kempf et al40 22 (22) 57 (28 to 80) 18 (1 to 32) 6 (1 to 18) MdA 3.9/3.6/ to 5.3/3.8/4.4 86%

Kilgus et al25 38 (41) 53 (24 to 75) 28 7 (2 to 16) UCLA 6.9/5.7/6.0 8.5/7.2/7.5 78%

Kim et al37 12 (24) 36 (19 to 60) 11 (1 to 20) 11 (3 to 17) HHS 55 (42 to 79) 82 (69 to 92) 96%

Lubahn et al28 17 (18) 59 (38 to 82) 21 (5 to 60) N/A Iowa Hip Scale N/A 67 (50 to 80) 89%

Morsi et al24 18 (19) 51 (38 to 62) 21 (5 to 41) 7 (5 to 10) HHS 54 (19 to 76) 93 (81 to 98) 95%

Peterson et al33 30 (30) 52 (27 to 70) 33 (1 to 42) 10 (2 to 20) MCH 20 good/fair, 
3 poor/fail

75% (59 to 95) 
at 10 yrs

Reikerås et al34 46 (46) 58 (33 to 75) 17 (7 to 28) 8 (5 to 13) HHS 69 (51 to 83) 78 (53 to 93) 85%

Richards et al35 26 (26) 49 (25 to 74) 20 (18 to 28) 9 (2 to 21) OHS N/A 72 74% (55 to 93) 
at 10 yrs

Rittmeister et al32 13 (13) 60 (29 to 86) 29 (14 to 56) 3 (1 to 7) HHS 55 (23 to 82) 87 (75 to 96) N/A

Schäfer et al29 15 (15) N/A 31 (2 to 61) 5 (2 to 13) HHS N/A 86 (70 to 99) 73%

Strathy et al22 74 (80) 50 (21 to 70) 18 (1 to 50) 10 (9 to 15) MCH 50 good/fair, 
30 poor/fail

74%

* HHS, Harris hip score; MdA, Merle d’Aubigne score (reported as pain/function/motion or walking); UCLA, University of California, Los Angeles hip rating score (reported as 
pain/function/motion or walking); MCH, Mayo Clinic hip score
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cases and in the two cases that did not have relief of knee
pain, total knee replacement (TKR) was subsequently
required. This experience with respect to knee pain was con-
firmed by others.21,36 Rittmeister et al32 reported reliable
relief of back pain (eight out of ten cases) but that knee pain
was less reliably relieved (two out of nine cases). This pattern
was reversed in the follow up of conversion of bilateral anky-
losed hips to THR by Kim et al.37 Back pain as assessed on a
visual analogue scale is reduced after conversion34 but the
use of analgesia to control persistent pain may still be
required.24 Deterioration in reported pain is unusual, occur-
ring in one case in Hardinge et al’s38 series, with 11 reporting
slight pain and 42 reporting no pain. Relief of contralateral
hip pain was found by Lubahn et al28 to be less reliably
achieved than relief of back and ipsilateral knee pain.

Due to differences in case mix, the correction and per-
sistence of LLD is hard to compare between series. The
accepted threshold for correction of LLD without an
undue risk of neurovascular injury varies between sur-
geons. The attempted degree of correction is not reported
in these studies, with only the residual LLD reported. LLD
correction is more likely to be achieved in a patient with
little bone loss, in whom the arthrodesis was performed as
an adult than that where the hip had ankylosed spontane-
ously in a child. LLD is rarely reported as a separate indi-
cation for surgery, but Rittmeister et al32 did give this as a
reason in ten out of their 18 cases, with a mean pre-oper-
ative LLD of 4.1 cm (0 to 10) improved to a post-opera-
tive mean of 1.9 cm (0 to 5). The reported experience is of
partial correction of LLD, but with persistent LLD rarely
being a cause of dissatisfaction.21,24,25,27,31,39

A decrease in the normal range of movement (ROM) is
to be expected following this sort of surgery. Patients have
pathology that leads to scarring and contraction of soft
tissue around the hip, and have often undergone repeated
operations and a long standing hip arthrodesis prior to con-
version to THR. Fortunately it appears that complete resto-
ration of the ROM is not required for patient satisfaction.
Residual flexion deformities were reported by Lubahn et al28

(mean 7°, 0° to 30°) and Amstutz et al39 (mean 7.5°, range
not given), with flexion ROM of greater than 80° in eight
out of 17 cases, and a mean flexion ROM of 78° (45° to
125°) respectively. Flexion ROM consistently in excess of
90° were reported by Abdel-Aal et al27 and Morsi et al,24

Kilgus et al25 and Kempf and Jenny40 reported mean flexion
arcs of 87° and 70°, respectively. Brewster et al30 reported
no difference in the mean flexion achieved when conversion
of established arthrodesis (75°) or pseudarthroses (78°) were
considered. Hardinge et al38 reported a total passive ROM of
greater than 100° in 48 out of 56 cases and Joshi et al20

reported good or excellent passive ROM in 79% of cases.
A variety of outcome measures have been used in the

assessment of the conversion of hip arthrodesis to THR. The
most consistently used is the Harris hip score (HHS).41 The
largest mean improvement in the HHS was demonstrated
by Morsi et al,24 with a mean pre-operative score of 54

(19 to 76) and a mean post-operative score of 93 (81 to 98),
which was similar to the experience of Rittmeister et al.32 The
smallest mean improvement was demonstrated by Reikerås et
al,34 with a mean pre-operative score of 69 (51 to 83) and a
mean post-operative score of 78 (53 to 93): the other reports
lie somewhere between these values.21,27,31 Peterson et al33

and Strathy et al22 utilised the Mayo hip score42 and reported
52% and 45% good or excellent results respectively, with
26% considered failures by this scoring method in the series
by Strathy et al.22 In studies where a patient’s response to
the results of the conversion were satisfied or dissatisfied,
Kim et al37 reported satisfaction in all 12 bilateral cases,
Brewster et al30 in 30 out of 33, Hamadouche et al in36

41 out of 45 and Rittmeister et al32 in 11 out of 13 cases.
Reported complications include infection, dislocation,

fracture, nerve palsy and heterotopic ossification (HO).
The incidence of infection may be related to the indications
for previous arthrodesis, with infection as the underlying
diagnosis resulting in a higher risk of subsequent infection.
In our experience, infections occurred in five out of
26 cases, necessitating revision in two cases,35 which con-
trasts with the experience of Joshi et al,20 who reported a
2% incidence. Dislocation is influenced by surgical tech-
nique, the use of constrained acetabular components and
inclusion of all dislocations or only revisions for dislocation.
Aderinto et al31 reported no dislocations, but constrained
liners were used in three out of 18 cases. Lubahn et al28

reported one dislocation in 17 cases, Joshi et al20 five dislo-
cations in 187 cases. Our experience is of four out of 26
cases experiencing dislocation, but only one recurrent and
requiring revision.35 Intra-operative fracture occurred in
three out of 12 patients undergoing bilateral conversions37

and femoral shaft perforation in one out of 17 cases in
Lubahn et al’s series.28 Joshi et al20 reported nerve palsies in
15 out of 187 cases, with three not recovering fully. Kim et
al37 reported nerve palsies in two out of 12 cases, Aderinto
et al31 in two out of 15 cases, and Hardinge et al38 in one
out of 54 cases. Abdel-Aal et al27 reported one femoral
artery injury in 15 cases. HO occurred in seven out of 15
cases in a series where prophylaxis was not used.31 Other
series in which it is described demonstrated frequencies
between two in 12 and three in 54 cases.28,37,38

Risk factors for failure of conversion in the reported
series include age at fusion,20 age < 50 years at the time of
conversion,22,25,33 multiple previous surgical procedures,25

performance of the arthrodesis following a fracture,25 sur-
gical compared with spontaneous arthrodesis,22,33 and
duration of arthrodesis in excess of 30 years.33 Ten-year
survivorship data ranges from 74% (55% to 93%) to 96%
(92% to 98%).20,21,25,35 Two studies have directly com-
pared the results of conversion with those of primary or pri-
mary and revision THR. In our experience, the Western
Ontario and McMaster Universities osteoarthritis index
(WOMAC),43 Oxford hip score (OHS),44 satisfaction45 and
University of California, Los Angeles (UCLA) scores46 were
all significantly lower in the conversion than primary THR
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group, and lower WOMAC, OHS and satisfaction scores
were seen in the conversion than revision THR group,
although these results were not significant.35 Fernandez-
Fairen et al21 reported no difference in functional outcome
scores (HHS, OHS and Rosser index matrix47) or survivor-
ship when conversion was compared with primary THR at
long term follow up. Lower abduction strength was noted,
but this did not translate to a difference in the incidence of
limp or the use of walking aids.

Conclusion
Conversion of hip arthrodesis to THR is a procedure that
replacement surgeons will encounter in practice, although
it remains one of diminishing frequency because of the
reluctance of adult patients to consent to primary hip
fusion during the last ten to 15 years. Satisfactory results
can be achieved with a fully informed patient, who should
be made aware of the limitations of conversion, and the
potential problems and complications that can be encoun-
tered such as persistent pain, LLD, nerve and vessel injury,
persistent restriction in ROM, fracture, infection, disloca-
tion and heterotopic ossification. Ten year survivorship of
between 74% and 96% has been demonstrated, and in the
authors’ experience, complete resolution of the presenting
complaint is achieved in a third of patients, with partial
relief in the remainder. However the results of conversion
are inferior to those of primary and revision replacement.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This paper is based on a study which was presented at the Inaugural 2012
Current Concepts in Joint Replacement® – A Short Course held in conjunction
with the 7th International Congress of the Chinese Orthopaedic Association in
Beijing, China, 16th November.
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