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Abstract
Background Femoral osteotomies have been widely used
to treat a wide range of developmental and degenerative hip
diseases. For this purpose, different types of proximal fe-
mur osteotomies were developed: at the neck as well as at
the trochanteric, intertrochanteric, or subtrochanteric lev-
els. Few studies have evaluated the impact of a previous
femoral osteotomy on a THA; thus, whether and how a
previous femoral osteotomy affects the outcome of THA
remains controversial.

Questions/purposes In this systematic review, we asked:
(1) What are the most common complications after THA in
patients who have undergone femoral osteotomy, and how
frequently do those complications occur? (2) What is the
survival of THA after previous femoral osteotomy? (3) Is
the timing of hardware removal associated with THA
complications and survivorship?
Methods A systematic review was carried out on PubMed,
the Cochrane Systematic Reviews Database, Scopus, and
Embase databases with the following keywords: “THA”,
“total hip arthroplasty”, and “total hip replacement” com-
bined with at least one of “femoral osteotomy” or “inter-
trochanteric osteotomy” to achieve the maximum sensitivity
of the search strategy. Identified studies were included if
they met the following criteria: (1) reported data on THAs
performed after femoral osteotomy; (2) recorded THA fol-
lowup; (3) patients who underwent THA after femoral
osteotomy constituted either the experimental group or a
control group; (4) described the surgical and clinical com-
plications and survivorship of the THA. The database search
retrieved 383 studies, on which we performed a primary
evaluation. After removing duplicates and completing a full-
text evaluation for the inclusion criteria, 15 studies (seven
historically controlled, eight case series) were included in
the final review. Specific information was retrieved from
each study included in the final analysis. The quality of each
study was evaluated with the Methodological Index for
Non-randomized Studies (MINORS) questionnaire. The
mean MINORS score for the historically controlled studies
was 14 of 24 (range, 10–17), whereas for the case series, it
was 8.1 of 16 (range, 5–10).
Results The proportion of patients who experienced
intraoperative complications during THA ranged from 0%
to 17%. The most common intraoperative complication
was femoral fracture; other intraoperative complications
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were difficulties in hardware removal and nerve palsy; 15
studies reported on complications. The survivorship of
THA after femoral osteotomy in the 13 studies that an-
swered this question ranged from 43.7% to 100% in studies
that had a range of followup from 2 to 20 years. The timing
of hardware removal was described in five studies, three of
which detailed more complications with hardware removal
at the time of THA.
Conclusions This systematic review demonstrated that
THA after femoral osteotomy is technically more de-
manding and may carry a higher risk of complications than
one might expect after straightforward THA. Staged
hardware removal may reduce the higher risk of intra-
operative fracture and infection, but there is no clear evi-
dence in support of this contention. Although survivorship
of THA after femoral osteotomy was generally high, the
studies that evaluated it were generally retrospective case
series, with substantial biases, including selection bias and
transfer bias (loss to followup), and so it is possible that
survivorship of THA in the setting of prior femoral
osteotomy may be lower than reported.
Level of Evidence Level III, therapeutic study.

Introduction

Both femoral and acetabular osteotomies have been ex-
tensively used for the treatment of a wide range of de-
velopmental and degenerative hip diseases, such as
developmental dysplasia of the hip, slipped capital femoral
epiphysis, Legg-Calvé-Perthes disease and even primary
and secondary osteoarthritis (OA) [15, 17, 30]. In general,
femoral osteotomies seek to restore, or at least improve, hip
biomechanics and to increase femoral head coverage and
congruency [6]. To achieve the different purposes required,
numerous types of osteotomies of the proximal femur have
been developed, including osteotomies at the level of the
femoral neck as well as at the trochanteric, intertrochan-
teric, or subtrochanteric levels.

Despite the fact that femoral osteotomies are not per-
formed as frequently as they once were, THA in the set-
ting of a previous femoral osteotomy remains a clinical
challenge, and so the topic is worthy of study for several
reasons. First, the fact that the number of femoral
osteotomies has decreased, we believe this may soon
change (especially in adults) in light of newer hip-
preserving techniques that have become available as
knowledge of the vascularization and pathophysiology of
the proximal femur has improved; this may expand what
had been the indications for femoral osteotomies [12, 13,
24]. Second, although femoral osteotomies are less
common in adults, they still are performed fairly fre-
quently in children and teens. Third, despite several
studies reporting durability and good pain relief after

femoral osteotomies [2, 7, 9, 10, 20], many patients ex-
perience OA progression after the osteotomy. This may
result in a large number of patients who received these
osteotomies presenting for THA in the years to come,
particularly in referral centers where more complex THAs
are performed. Few studies have evaluated the impact of a
previous femoral osteotomy on a THA [1, 3, 4, 5, 8, 11,
18, 19, 21-23, 25, 27–29], and most of these studies are
retrospective case series or historically controlled studies.
In this context, clinical decision-making is often based on
anecdotal information rather than scientific evidence.
Therefore, a systematic review that synthesizes the
available information could be helpful to surgeons who
treat these patients and to provide references for
evidence-based decision-making.

Specifically, in this systematic review, we asked: (1)
What are the most common complications after THA in
patients who have undergone femoral osteotomy, and how
frequently do those complications occur? (2) What is the
survival of THA after previous femoral osteotomy? (3) Is
the timing of hardware removal associated with THA
complications and survivorship?

Materials and Methods

Search Strategy and Criteria

Wecarried out a systematic review according to the Preferred
Reported Items for Systematic Reviews and Meta-Analyses
Statement for Individual Patient Data (PRISMA-IPD) [16].
InMay 2018, two of the authors (EG, IM) searched PubMed,
the Cochrane Systematic Reviews Database as well as
the Scopus and Embase databases using the following
keywords: “THA”, “total hip arthroplasty”, and “total hip
replacement” combined with at least one of the following:
“femoral osteotomy” or “intertrochanteric osteotomy”
to achieve maximum sensitivity of the search strategy.
Unpublished data and conference proceedings were ex-
cluded from this systematic review. The reference lists of
all retrieved articles were reviewed for further identifica-
tion of potentially relevant studies. We hand-screened
reference lists of identified studies to find other studies.
Each identified study was assessed using the inclusion and
exclusion criteria to determine the final list of studies that
we analyzed in detail.

Inclusion and Exclusion Criteria

For this review, we defined femoral osteotomy as any prox-
imal femur osteotomy used to treat primary or secondary OA
or to correct a congenital or developmental hip deformity.
Thus, all types of neck, trochanteric, intertrochanteric, or
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subtrochanteric osteotomies (varus, valgus, rotational, flec-
tion, extension, reposition, or combined) were included.

Original articles written in English were considered for
analysis. Identified studies were included if they met the
following criteria: (1) reported data on THA performed
after a previous femoral osteotomy; (2) described THA
followup; thus, if a paper reported the followup of femoral
osteotomies and stated only the number of conversion to
THA, we excluded it from the review; (3) studies in which
patients who underwent THA after femoral osteotomy
constituted either the experimental group or a control group;
(4) detailed surgical and clinical THA complications and
survivorship. To include most of the available data, we did
not set a limitation concerning the length of followup.

We excluded studies that reported the results of THA
combined with femoral osteotomy in the same surgery and
not after previous femoral osteotomy as well as narrative
reviews, letters, comments, and technical notes. We ex-
cluded studies in which patients who underwent THA
after a femoral osteotomy constituted a subgroup and from
which specific information could not be retrieved. Finally,
whenmore studies described the results on the same patient
population, only the most recent was included.

Given the absence of randomized controlled trials
(RCTs) on this topic, we set no limit concerning the level of
evidence: studies with level of evidence from I to IV were
allowable. After excluding duplicates, papers were screened
for inclusion after abstract review. Disagreements between
the two reviewers were solved by discussion after evaluation
of the full text of the article.

Search Results

Our database search retrieved 383 studies, which un-
derwent preliminary evaluation (Fig. 1). After removing
duplicate studies, 136 original articles were identified, and
the abstract of each was reviewed by two authors (EG, IM).
After abstract evaluation, 115 studies were excluded be-
cause they did not meet the inclusion criteria. Therefore, we
examined 21 full-text studies. After full-text evaluation,
another six studies were excluded from the final analysis. In
total, 15 studies were included in the final analysis and
underwent quality assessment. Overall, mean followup of
the included study was 9 years (range, 2-20 years).

Concerning the first research question, all 15 studies had
data on intra- and perioperative complications as well as
dislocation frequency and the need for further osteotomies
during THA. However, no studies directly compared dif-
ferent types of femoral osteotomies in terms of the fre-
quency of complications after THA.

Concerning the second research question, two studies
[1, 21], both retrospective case series, did not detail the
survivorship of the implants; 13 others did, including one

that directly compared the outcomes in cemented versus
cementless stems [11].

Concerning the third research question, timing of hard-
ware removal was described in five studies [1, 5, 8, 23, 27],
three historically controlled and two case series. Two studies
(Nagi et al. [19] and Iwase et al. [11]) reported difficulties
with hardware removal without specifying its timing; the
other nine studies included in our systematic review could
not be used to answer the third research question because
they were silent on the issue of timing or difficulties asso-
ciated with hardware removal.

Assessment of Study Quality

Two reviewers (EG, IM) independently reviewed each
included study for quality. The Methodological Index for
Non-randomized Studies (MINORS) scoring system for
nonrandomized studies was used on each study included in
this review [26]. Concerning the adequacy of followup, 1
point was assigned for followup of < 10 years, whereas 2
points were assigned for followup of > 10 years.

No RCTs or prospective studies were found. We in-
cluded seven retrospective, historically controlled studies
and eight retrospective case series (Table 1). For our first
research question, the mean MINORS score for the his-
torically controlled studies was 14 of 24 (range, 10–17),
whereas for the case series, it was 8 of 16 (range, 5–10).
Among the 13 studies that answered the second research
question, the meanMINORS score was 8 for the case series
and 15 for the historically controlled studies, whereas for
the five studies that answered our third research question,
the mean MINORS score was 9 for the case series and 16
for the historically controlled studies.

The most common study quality deficiencies in these
studieswere the lack of prospective calculation of study size,
whichwas lacking in all the studies included; the inadequacy
of the followup was shorter than 10 years in 10 studies and
loss of followup of > 5% of patients occurred in five studies.

Data Collection and Outcome Measures

Specific informationwas retrieved fromeach study included in
the final analysis, such as patient demographics (sex, age),
osteotomy indication, osteotomy type, time interval from the
THAandother hip procedures, surgical approach, type of stem
and cup implanted, and timing of hardware removal (Table 2).
Three studies did not report the time interval between the
femoral osteotomy and the THA. We evaluated the technical
difficulty of the THA by assessing the use of further femoral
osteotomies at the time of the arthroplasty and the proportion
of intraoperative complications such as femoral fractures or
implantmalpositioning. For this review,we used the definition
of intraoperative complications that each study provided. If a
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study did not specifically define the intraoperative complica-
tions, we considered intraoperative fractures and nerve palsies
or nerve lesions as complications. We retrieved long-term
survival data from each study when it was available.

Results

Complications

The most common intraoperative complications were
femoral fractures, which typically were fixed with either

screws or wiring except for two hips reported by Merle
et al. [18] and four of five hips in the study by Søballe [27],
which were left untreated. Other intraoperative complica-
tions were difficulties in hardware removal and nerve
palsy: five studies reported the occurrence of nerve palsy,
whereas in the other 10 no nerve palsies occurred. All these
cases eventually resolved. Timing of palsy resolution was
described in only one paper [1], where the patients healed
7 months after surgery. Overall, the proportion of hips with
intraoperative complications ranged from 0% to 16.7%
(Table 3).

Fig. 1 The flowchart shows the search strategy and the number of identified studies on
THA after femoral osteotomies, following the PRISMA (Preferred Reporting Item for Sys-
tematic reviews and Meta-Analysis)guidelines .
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Survival of THA After Previous Femoral Osteotomy

The survivorship of THA after femoral osteotomy in the 13
studies that answered this question ranged from 43.7% to
100% in studies that had a range of followup from 2 to 20
years. A high variability in survival rates can be observed
across the studies included (Table 4). In particular, three
studies had a very low overall survivorship, mainly as a
result of a high proportion of cup loosening [4, 18, 25].
Eskelinen et al. [4] had a 36% cup loosening rate at 13 years
followup as a result of the loosening of 16 of 18 threaded
cups. Merle at al. [18] described a cup loosening rate of
56.3% at a mean followup of 16 years, and Shinar et al. [25]
had a cup loosening rate of 47.4% at amean followup of 15.4
years.When evaluating stem loosening, it ranged from0% to
21.1% at a mean followup of 9 years (range, 2–20 years) in

the 13 studies that had this outcome. Six studies [19, 21, 23,
27–29] yielded good-to-excellent results (overall survival
rate 96.3%–100%) at a midterm followup (mean followup,
6.3 years; range, 4.5–9.8 years). Five studies [4, 5, 8, 18, 25]
reported survival at long-term followup (> 10 years); among
those, stem survival ranged from 78.9% to 93%.

Seven studies were designed as historically controlled
studies, in which patients who underwent THA after pre-
vious femoral osteotomy were compared with a control
group of patients who underwent primary THA [3, 8, 19,
22, 23, 27, 29]. Among those, six studies [8, 19, 22, 23, 27,
29] had no differences in survival among the two groups.
Boos et al. [3] described a better overall survival rate in the
control group (81.9% versus 89.9% at 6.9 years followup);
this difference was driven by an increased risk of infection
in the osteotomy group (8.1% versus 2.7%).

Table 1. Authors, publication year, journal, type of study, and MINORS score for each paper included

First author
Year of
publication Journal

MINORS
score Study design Control group

Boos [3] 1997 Journal of Bone and Joint
Surgery, British volume

16/24 Retrospective case-control THA without osteotomy

Utsonomiya
[29]

2017 Journal of Arthroplasty 14/24 Retrospective case-control THA after ONFH without
osteotomy

Suzuki [28] 2007 Journal of Bone and Joint
Surgery, British volume

7/16 Retrospective case series None

Shinar [25] 1998 Journal of Arthroplasty 5/16 Retrospective case series None

Merle [18] 2012 International
Orthopaedics

10/16 Retrospective case series None

Park [23] 2014 Journal of Arthroplasty 15/24 Retrospective case-control THA after ONFH without
osteotomy

Søballe [27] 1989 Journal of Bone and Joint
Surgery, American volume

17/24 Retrospective case-control THA without osteotomy
after primary OA, RA, SCFE,
LCP, CDH, posttraumatic OA

Akman [1] 2018 Archives of Orthopedics
and Trauma Surgery

9/16 Retrospective case series None

Eskelinen [4] 2009 Acta Orthopedica 10/16 Retrospective case series None

Ohishi [21] 2016 International
Orthopaedics

10/24 Retrospective case series None

Osawa [22] 2017 Journal of Arthroplasty 17/24 Retrospective case-control Primary THA and THA
after previous acetabular
osteotomy

Haverkamp [8] 2006 Clinical Orthopaedics and
Related Research®

10/16 Retrospective case-control Primary THA

Ferguson [5] 1994 Journal of Bone and Joint
Surgery, British volume

8/16 Retrospective case series None

Nagi [19] 1991 Journal of Arthroplasty 11/24 Retrospective case-control THA for fracture, AVN or
other secondary OA

Iwase [11] 1999 Clinical Orthopaedics and
Related Research®

6/16 Retrospective case series None

MINORS =Methodological Index for Non-randomized Studies; ONFH = osteonecrosis of the femoral head; OA = osteoarthritis; RA =
rheumatoid arthritis; SCFE = slipped capital femoral epiphysis; LCP = Legg-Calvé-Perthes disease; CDH = congenital dysplasia of the
hip; AVN = avascular necrosis.
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Table 2. Clinical data of the patients included in each study

First author

Number
of
patients

Mean age,
years (range)

Lost to
followup Sex Diagnosis

Type of
osteotomy

Time interval
from THA
(years [range])

Other
surgeries
on the same
hip

Preoperative
clinical score
(range)

Postoperative
clinical score
(range)

Boos [3 ] 74 57.4 (34-79) 20 (27%, 6
died)

39 M, 35
F

52.7% OA; 33.8%
DDH; 5.4% AVN;
8.1% other

33 varus; 12 valgus;
26 not available; 3
Schantz

1.6 (1-20) None 42.8 (22-85)* 87.7 (69-100)*

Utsonomiya [29] 20 (24
hips)

58.4 6 9.2 0 12 M, 8 F 100% AVN 24 Sugioka
transtrochanteric
anterior rotational
osteotomy

19.7 (6.3-29.8) None 32 6 12.4* 88 6 9.3*

Suzuki [28] 27 (30
hips)

57 (37-70) 0 1 M, 26 F Not reported 27 valgus
osteotomies

12.4 (1.75-30) 19 previous
valgus
osteotomies, 11
acetabular shelf
procedures
(Spitzy method)

43 (26-57)* 93 (86-99)*

Shinar [25] 17 (19
hips)

50.8 (17-73) 0 Not
reported

47.4% DDH,
10.5% SCFE,
15.8% RA, 15.8%
FAI-cam, 5.3%
polio, 5.3% LCP

10 subtrochanteric (1
extension, 3 valgus-
extension, 2 varus-
extension, 1 varus-
flexion, 1 valgus-
flexion, 1 valgus, 1
neutral in both
sagittal and coronal
planes); 8
intertrochanteric (2
flexion, 4 varus, 1
varus-extension, 1
neutral in both
sagittal and coronal
planes), 1 both inter-
and subtrochanteric
(valgus-flexion)

13.4 (1-39) Not reported Not reported 80.4 (not reported
for revised hips)*

Merle [18] 45 (48
hips)

50 (26-67) 12 (26.6%,
12 died)

12 M, 36
F

75.5% CDH, 15.5%
AVN, 11.1%
idiopathic OA,
44.4%
posttraumatic OA

48 proximal
intertrochanteric
osteotomy

12 (2-33) Not reported Not reported 80 (38-100)*

Park [23] 18 38.1 (25-51) 0 16 M, 2 F 100% AVN 18 Sugioka
transtrochanteric
rotational osteotomy

2.6 (0-6) Not reported 52 (32-89)* 95 (68-100)*
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Table 2. continued

First author

Number
of
patients

Mean age,
years (range)

Lost to
followup Sex Diagnosis

Type of
osteotomy

Time interval
from THA
(years [range])

Other
surgeries
on the same
hip

Preoperative
clinical score
(range)

Postoperative
clinical score
(range)

Søballe [27] 112 63 (30-80) 3 (2.6%, 2
died)

72 M, 44
F

90% primary OA,
5.5%
posttraumatic OA,
3.5% CDH, 1%
SCFE

Intertrochanteric
osteotomies (95 with
medial displacement,
8 without
displacement, 20 with
varus angulation and
medial displacement,
1 rotation osteotomy)

6 (1.25-16.5) Not reported Not reported Not reported

Akman [1] 18 55.4 (50-66) 0 2 M, 16 F 100% DDH Schantz Not reported None 42.7 (28-55)* 78.7 (55-93)*

Eskelinen [4] 59 (68
hips)

50 (29-69) 6 (9.2%) 5 M, 54 F 93.2% DDH, 5.1%
tuberculosis, 1.7%
coxa vara

Schantz Not reported None 50 (intact hips)
54 (revised hips)*

92 6 8 (intact
hips), 86 6 14
(revised hips)*

Ohishi [21] 63 (66
hips)

62.2 (45-81) Not
reported

100% DDH 42 valgus, 24 varus 17.1 (3-51) None 9.4 (4-14)† 16 (9-18)†

Osawa [22] 20 56.3 (41-80) 1 (5%, 1
died)

1 M, 19 F 100% DDH Interthrocanteric
valgus osteotomy

13.6 (1-23) Periacetabular
osteotomy

54.1 (6 11.8)* 79.8 6 8⁰

Haverkamp [8] 108 (121
hips)

Not reported 46(38%, 46
died)

Not
reported

Primary or
secondary OA

Intertrocantheric
osteotomy

Not reported None Not reported 89.1 (86-92.2)*

Ferguson [5] 215 hips 61.4 90 (29.5%,
79 died)

125 M,
90 F

79% OA, 6.5%
secondary OA,
5.6% SCFE, 8.9%
other

31.5% varus, 31.5%
valgus, 23.4%
medialization of the
head

7.3 None 34 (6-73)‡ 85 (15-100)‡

Nagi [19] 15 46.7 (23-78) 0 7 M, 8 F 66.6% nonunion
of the femoral
head, 20% OA,
13.3% AVN

McMurray 1.2-11 None Not reported Not reported

Iwase [11] 30 57 (43-76) 0 2 M, 28 F 100% DDH 100% valgus 14 (3-24) None 54 (34-77)* 86 (65-100)

*Harris hip score.
†Merle D’Aubigne Postel score.
‡Mayo Clinic score; M =male; F = female; OA = osteoarthrosis; DDH = developmental dysplasia of the hip; AVN = avascular necrosis of the femoral head; SCFE = slipped capital
femoral epiphysis; RA = rheumatoid arthritis; FAI = femoroacetabular impingement; LCP = Legg-Calvé-Perthes disease; CDH = congenital dysplasia of the hip.
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Timing of Hardware Removal and THAComplications
and Survivorship

Haverkamp et al. [8] had no complications with hardware
routinely removed 1 to 2 years after the femoral osteotomy.
Two studies (Nagi et al. [19] and Iwase et al. [11]) reported
difficulties with hardware removal (screw and plate
breakage) at the time of THAwithout specifying the timing
of removal. Three historically controlled studies described
complications with hardware removal at the time of THA:
Ferguson et al. [5] had difficult removal in 24.3% of
patients and hardware breakage in 20.7%. Moreover, in 28
(13%) cases of hardware removed before THA, positive
intraoperative cultures were found. Søballe et al. [27]
reported hardware breakage in 9.4% of patients. Park et al.
[23] described an increase in mean operative time (96
minutes versus 88 minutes) and mean blood loss (550 mL
versus 450 mL) associated with hardware removal com-
pared with the control group of primary THA. Akman et al.
[1] did not report any complications in a subgroup of 11
patients from whom hardware was removed during THA.

None of these studies directly recorded an impact on long-
term survival based on the timing of hardware removal.

Discussion

Although femoral osteotomies were widely used in the
past, improvements in screening and early treatment of
developmental dysplasia of the hip in infants, together with
improved long-term survival and functional outcome of
THAs [14], have reduced the frequency with which
osteotomies are performed [13]. In the last two decades,
new insights about the anatomy (in particular the vascular
supply) of the proximal femur and biomechanics (in-
cluding pathophysiology) of hip OA [12, 24] have renewed
interest in hip-sparing procedures. In addition, in parts of
the world (including parts of Europe and Japan), femoral
osteotomies remain commonly used; some of these patients
may subsequently undergo THA, making assessment of
this topic worthy of attention. Studies disagree about the
efficacy of femoral osteotomy [19, 21, 23, 27–29] with

Table 3. Intra- and perioperative adverse events for each included study

First author
Intraoperative
adverse events

Nerve
palsy

Perioperative
adverse events Dislocations Infections

Boos et al. [3] 10.8% 1 9.5% 0% 8.1%

Utsonomiya et al. [29] 0% 0 0% 8.3%, 2 closed reduction 4.2%, 1 case,
superficial

Suzuki et al. [28] 3.7% 0 0% 0% 0%

Shinar [25] 5.2% 0 5.2%, 1 case,
gastrointestinal
bleeding, 15.8%,
3 cases, DVT

5.2% 1 closed reduction 0%

Merle [18] 4.2% 0 0% 2% 1 closed reduction 2.1%,

Park [23] 0% 0 0% 0% 0%

Søballe [27] 5.4% 0 0.9% 0.9% 1 closed reduction 0%

Akman [1] 16.7% 1 11.1% 0% 5.6% 1 case,
superficial

Eskelinen [4] 0% 6 17.6% 1.5% 1 open reduction with stem
revision

0%

Ohishi [21] 6.1% 0 1.5% 0% 0%

Osawa [22] 0% 0 10% 5%, 1 case 5%

Haverkamp [8] 5% 0 5% 0% 3%

Ferguson [5] 4.2% 2 2.4% 2.3%, 3 closed reduction, 1 open
reduction, 1 open reduction
with stem revision

3.2%

Nagi [19] 12.2%* 1 13.3% 0% 13.3%

Iwase [11] 16.6%† 0 0% 0% 0%

*In the study by Nagi et al. [19], one broken screw was recorded as an intraoperative complication.
†in the study by Iwase et al. [11], reaming of the femur was difficult in three cases, removal of broken screw or plate was difficult in
two cases, and the need for a corrective proximal femoral osteotomy in one case were recorded as complications; DVT = deep vein
thrombosis.
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Table 4. Stem and cup type used in each study and followup data of THA

First author Stem type Cup type
Followup after
THA, years (range) Femoral loosening

Acetabular
loosening

Revision for
loosening

Revision for
all causes

Boos [3] Müller Straight Stem Cemented 6.9 (4.75-9.3) 12.2% 8.1% 4.1% 12.2% at 10
years

Utsonomiya [27] 23 PerFix910, 1 VerSys
cementless

Cementless 9.5 (5-16.3) 0% 0% 0% 0%

Suzuki [28] 11 S-Rom,1 Omnifit, 7
Securfit, 2 Centpillar, 7
Perfix, 1 HGP, 1 Versys

Cementless 6.8 (5-20.5) 0% 3.7% (1 aseptic
loosening)

3.7% (1 case) 3.7% (1 case)

Shinar [25] 7 custom miniature/
microminiature, 5
Harris Design, 4
computer-assisted
design, 2 Harris, 1
calcar-replacement
stem (all Howmedica)

1 ARC cup cementless,
3 cemented

15.4 (6.5-19) 21.1% (4 cases,
aseptic loosening,
2 revised)

47.4% (9 cases,
aseptic loosening,
5 revised)

36.8% 36.8%

Merle [18] Cementless Spotorno
CLS stem

45 (94%) smooth
cementless threaded
cups (40 spherical
Mecron rings, 5
conical Weill rings), 3
(6%) cemented cups
(Aesculap)

16 (10-20) 8.3% (1 case deep
infection, 3 aseptic
loosening), all
revised

56.3% (27 cases, 23
revised)

54.2% (26
cases)

56.3% (27
cases)

Park [23] 13 ML Taper stem
Zimmer, 5 Wagner
Cone

13 Delta PF Cup Lima,
5 Securfit cup, all
cementless

4.5 (2.3-9.3) 0% 0% 0% 0%

Søballe [27] 63 Müller, 53 Lubinus Cementless 4.6 (3.3-8) 5.4% (6 cases) of
radiographic
loosening, 1
revised (stem
fracture)

0% 0.9% (1 case) 0.9% (1 case)

Akman [1] Straight long stem,
uncemented

Cementless 2.6 (1.5-4.7) Not reported Not reported Not reported Not reported

Eskelinen [4] Straight, uncemented Cementless 13 (9-18) 7% 36% 48.5% 51.5%

Ohishi [21] Straight tapered
uncemented

Cementless 7.3 (1-14) Not reported Not reported Not reported 3%

Osawa [22] 95% straight tapered
uncemented, 5%
cemented

95% cementless, 5%
cemented

6.8 5% 5% 10% 15%
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some reporting few complications and good durability, and
others raising concerns about poor survivorship and many
complications [4, 5, 8, 18, 25]. Therefore, we performed a
systematic review and found that complications occur
frequently in patients undergoing THA after a femoral
osteotomy, the most common of which were femoral
fractures and transient nerve palsies. We also learned that
although midterm survival of THA seems comparable to
the survival of primary THA, long-term survival seems to
be worse. Finally, it appears that hardware removal at the
time of THA can be difficult and may be associated with
plate and screw breakage, longer operating times and
higher blood loss, and a possible increase in infection risk.
Based on this, we believe that staged removal should be
considered.

This study had a number of limitations. First, the ab-
sence of RCTs on this topic precludes formal data pooling
and meta-analysis. Second, the level of evidence is gen-
erally poor as a function of the lack of RCTs and pro-
spective studies, although in fairness, RCTs are unrealistic
for such a rare diagnosis. Even so, we urge the reader to
recognize that the retrospective study designs available for
inclusion here are associated with several important kinds
of bias, all of which tend to overestimate the benefits of
treatment, minimize the frequency of complications, and
provide overly optimistic survival estimates. That being so,
we consider the findings here to be best-case analyses, and
we caution readers that complications may indeed be more
common and survivorship poorer than estimated by the
population of studies we evaluated. In addition, although a
large number of studies included in this review were
conducted > 20 years ago, the reported results on compli-
cations and survivorship seemed consistent to us with the
more recent studies included, although we conducted no
formal analysis on this point. We note that two clinically
relevant questions could not be answered in this review
because of a lack of evidence: whether the type of osteot-
omy and the type of stem used influence the mid- and long-
term survival of THA. No study was designed to compare
the results in case of different types of previous femoral
osteotomy; therefore, conclusions cannot be drawn. In
general, subtrochanteric osteotomies are associated with
more deformities of the proximal femoral canal that may
render canal preparation more technically difficult and
more at risk of complications. Good results are reported
with both cemented [8, 27] and cementless stems [18, 21,
23, 28]. Because only one study directly compared the
results of cemented versus conventional cementless stems
after failed valgus osteotomy, we could draw no con-
clusions on this topic [11].

THA after femoral osteotomy is technically demanding.
Two historically controlled studies [8, 27] described a
higher proportion of femoral fractures in the group that
had a previous femoral osteotomy than primary THA.Ta
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Moreover, longer operating times and a higher proportion
of need of trochanteric osteotomies (88% versus 14%) in
the osteotomy group were found in historically controlled
studies [3, 19]. In the analyzed studies, the proportion of
adverse events and complications ranged from 0% [22, 29]
to 16.7% [1]. The most common intraoperative complica-
tions were the occurrence of intraoperative fracture. The
most common postoperative complications were nerve
palsies [1, 3-5, 19], perhaps resulting from scar tissue and
lengthening. We found similar results regarding disloca-
tion risk: although eight papers had no dislocations, the
other seven reported a dislocation proportion of up to 8.3%
[29]. In that respect, we believe the potential for major
adverse events such as nerve injury and/or dislocations
makes THA after osteotomy more like revision THA in
terms of the risk of complications. Other papers indicated
there was no difference in the number of perioperative
complications in series of THA with or without osteotomy
[3, 23, 29]. Although from these data no particular type of
osteotomy can be linked to an increase in complications, it
is interesting to note that two of the studies that reported no
intraoperative complications [22, 29] analyzed the Sugioka
osteotomy, which is not very commonly used in Western
countries. By contrast, the overall distribution of compli-
cations across the other studies seemed relatively consis-
tent with two outliers being papers that considered
difficulty in broaching as a complication during inter-
trochanteric valgus osteotomy [12, 19]. We suspect, al-
though there are no direct data on this, that the altered
intertrochanteric anatomy after femoral osteotomy is a key
cause of intraoperative complications. Finding the true
femoral canal can be especially challenging, and struggling
to do so can cause fractures or femoral perforation, greater
trochanter fractures, and stem malalignment.

Survivorship of THA after femoral osteotomy was de-
scribed in 13 papers and overall ranged from 43.7% to
100% at a mean followup of 9 years (range, 2-20 years).
Three studies [4, 18, 25] had a very low overall survival of
the implant as a result of an out-of-proportion risk of
loosening for acetabular components; this seems to be an
implant design problem rather than anything related to the
previous osteotomy. In this context, because the osteotomy
alters femoral anatomy, it should have a bigger impact on
stem survival; therefore, an analysis of survival of the stem
seems important to better understand this issue. Six studies
[19, 21, 23, 27-29] reported good-to-excellent results
(overall stem survival rate 96.3%-100%) at midterm fol-
lowup (mean followup, 6.3 years; range, 4.5-9.8 years).
Only one study [3] had a low stem survival at midterm
followup, but these data were driven mainly by an increase
in infection rather than aseptic loosening. On the other
hand, in the five studies [4, 5, 8, 18, 25] that described stem
survival at long-term followup (> 10 years), the survivor-
ship is poorer, ranging from 78.9% to 93%. Interestingly,

the only historically controlled study [8] that compared
long-term survival of primary THA versus THA after
femoral osteotomy reported no difference, although we
speculate that this was a function of insufficient statistical
power. We remain concerned that over time, survivorship
in THAs after femoral osteotomymay deteriorate, although
more research is needed.

Complications associated with hardware removal were
common. A particular point of concern regarding the timing
of hardware removal was raised by Ferguson et al. [5], who
found that 13% of hips developed positive cultures after
hardware removal. However, the clinical relevance of this
finding is still debatable as only one patient developed an
early deep infection. Because of the concern, though, the
authors recommended that screws and plates should be
routinely removed soon after union of the osteotomy [5].
Indeed, Haverkamp et al. [8] had no complications with
hardware removal routinely performed 1 to 2 years after the
osteotomy. It should be noted, however, that Akman et al. [1]
did not observe an increase in complications in the subgroup
of 11 patients from whom hardware was removed at the time
of THA [1]. Taken together, these results seem to suggest that
staged hardware removal could be advantageous; moreover,
conceptually, removal of screws and plates after healing of
the osteotomy could be helpful in promoting bone healing in
the weak points resulting from screw holes. Healing may
reduce the risk of stress risers and fractures around the holes
and may prevent extraarticular cement escaping from empty
screw holes if a cemented component is used. On this theme,
we note that Søballe et al. [27] associated the increase in
femoral fractures in the THA after osteotomy group with the
presence of weakened cortical bone resulting from screw
holes, and Ferguson et al. [5] described a pattern of post-
operative periprosthetic fractures and loosening starting from
screw holes. On balance, we believe these results support
staged removal of hardware, preferably a few years after the
osteotomy, as the preferred solution.

In conclusion, we found that THA after femoral osteot-
omy is technically more demanding and may be associated
with a higher risk of complications than primary THA.
Staged hardware removal should be considered because it
may mitigate the higher risk of intraoperative fracture and
infection, but there is no definitive evidence on this point.
Midterm survival seems similar to primary THA, but we are
concerned about a possible deterioration of survivorship
over the longer term. We note that the evidence base on this
topic is thin, and given the clinical importance of this issue,
we believe it is important that it receive more focused at-
tention in the future. Because even busy referral centers will
only treat a few patients with previous femoral osteotomies
each year, we suggest that registry studies or multicenter
efforts focus on longer term durability of THAs performed
in patients who previously have undergone femoral osteot-
omies. In particular, studies might focus on themost suitable
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implants for this indication in the hopes of minimizing intra-
and postoperative fractures and improving long-term THA
survival.
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