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Abstract
Background Trochanteric osteotomies (TO) facilitate
exposure and “true hip reconstruction” in complex primary
and revision total hip arthroplasty (THA). However, nonunion represents a clinically relevant complication. The
purpose of the present study was to identify risk factors for
trochanteric non-union.
Methods All cases of THA approached by TO during the
past 10 years were analyzed with respect to potential risk
factors for non-union.
Results In 298 cases complete data were available for
analysis. Trochanteric union occurred in 80.5%, Wbrous
union in 5.4% and non-union 14.1%. Risk factor analysis
revealed a four times higher risk for non-union in anterior
trochanteric slide osteotomies compared to extended trochanteric osteotomies and a three times higher risk in
cemented versus non-cemented stems. Multiple logistic
regression analysis revealed patient’s age and use of
cement to be independent risk factors for non-union.
Conclusions Femoral cementation and increasing age
negatively inXuence the union of trochanteric osteotomies.
Keywords Trochanteric osteotomy · Non union · Risk
factor analysis

Introduction
The use of trochanteric osteotomy (TO) in total hip arthroplasty (THA) was initially advocated by Sir John Charnley
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[1, 2], who believed that this approach helped to facilitate
access to the joint, achieve correct alignment of the prosthetic components, permit the ability to favorably inXuence
the abductor lever arm, and thereby perform a true “hip
reconstruction” rather than simple replacement of articular
surfaces.
Due to prolonged surgical time, increased blood loss,
wire-related bursitis [3, 4] and the rate of non-union ranging from 0 to 37.5% [2, 5–12], the utilization of TO has
declined and is no longer a standard procedure in primary
THA.
Nevertheless, in order to facilitate dislocation and exposure, TO or modiWcations of it, may still be used in cases of
ankylosis or fusion, severe protrusio acetabuli, proximal
femoral deformities and severe developmental dysplasia. In
revision THA, TO might be useful for removal of cemented
or non-cemented well-Wxed femoral components, in cases
of diYcult acetabular exposure, or severe varus remodelling of the proximal femur.
Shortcomings of the standard single plane trochanteric
osteotomy, have lead to many modiWcations, particularly
the anterior trochanteric slide osteotomy (ATSO) [13, 14]
and the extended trochanteric osteotomy (ETO) [15, 16].
Both are modiWcations of Charnley’s traditional osteotomy,
which facilitates excellent exposure of the hip while preserving the hip abductors and vastus lateralis musculature
in continuity. The vastus is thought to counteract the pull of
the abductors in coronal plane, stabilizing the osteotomized
trochanter by creating compressive forces and avoiding
proximal migration if a non-union develops [17–20]. A
three-dimensional biomechanical model of the hip musculature has shown that in the Xexed hip, the gluteus medius
is primarily an internal rotator and secondarily a Xexor and
abductor [21]. Previous clinical reports highlight this,
showing that the displacement forces on the trochanteric
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Fig. 1 Rating of trochanteric
union: a bony union, b Wbrous
union and c non-union

fragment are a combination of abduction and anteriorly oriented forces [22], and that the vastus lateralis in fact does
counteract the proximally directed forces.
Over the last 10 years, both the ATO and ETO have been
adopted and occasionally used for complex primary THA
and revisions in our institution. However, we observed that
these were associated with non-unions in some cases. It
was our anecdotic impression that patient-related factors
such as age and nicotine use, as well as technical factors
such as use of cemented stems, potentially negatively
impact the union rate of our TO. Hence it was our aim to
review all our primary and revision THA’s approached
through a trochanteric osteotomy in order to identify possible risk factors for non-union.

Materials and methods
Our prospectively collected database on THA was retrospectively searched for primary and revision THA
approached by trochanteric osteotomy between January
2000 and October 2009.
From all cases the following information was recorded
from patient’s charts: (1) patient related factors such as
gender, age, body mass index (BMI), and nicotine use; (2)
indication for THA; (3) surgical technique related factors
such as type of femoral component, femoral side cementation, distal trochanteric advancement, type of TO and Wxation-technique; (4) patient’s surgical history such as
previous TO (healed or not healed), and cementation of a
previous femoral component and (5) occurrence of intraoperative and postoperative complications.
Based on a general permit issued by the responsible state
agency, our institutional review board allows retrospective
analysis of patient data relating to standard diagnostic or
therapeutic procedures without individual informed consent.
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Trochanteric union was analyzed by one orthopedic
surgeon on anteroposterior and axial (cross-table lateral)
X-rays 6 weeks, 3 and 6 months postoperatively and
rated as follows [10, 11, 13, 17]: (a) bony union, if there
was continuity of bone trabeculae between the trochanter
fragment and the site of attachment, (b) Wbrous union, if a
continuous radiolucent line between the trochanter fragment and the site of attachment was present with migration less than <15 mm and (c) non-union, if more than 15
mm migration of the greater trochanter was measured
(see Fig. 1). The initial postoperative X-rays served as a
baseline to which all subsequent radiographs were compared.
Statistical analyses were performed by an independent
biostatistician. Since patients had observations either on
both hips and/or repeatedly on the same hip, we looked at
clustered data and accounted this clustering. For binary
responses, generalized linear marginal models for clustered
data were computed, each including the variable of interest
and side. By including side we adjusted for this variable
and checked whether there was any inXuence based on the
side. The signiWcance of all factors on inXuencing nonunion of the trochanteric osteotomy was statistically veriWed. All tests were performed at a signiWcance level of
 = 0.05 and conWdence intervals were computed at a level
of 95%.
In order to adjust for possible confounding, a multiple
logistic regression model was used, again using the generalized linear marginal model method. Because the model
became unstable if all variables were considered, we omitted variables which had observations only in a limited
group of patients from multiple logistic regression model
analysis.
External funding
There was no external funding for the purpose of this study.

Arch Orthop Trauma Surg (2012) 132:711–717

713

Table 1 Indications for trochanteric osteotomy

follow-up X-rays, 10 patients were lost shortly after the
index surgery and could not be located, 14 patients refused
follow-up X-rays but had not had subsequent surgery, and 5
patients had early revisions due to other prosthetic complications (mean 2.8 months after index surgery, SD 2.1, range
1–5) (2 recurrent hip dislocations; 1 periprosthetic fracture;
1 aseptic loosening; 1 acute periprosthetic infection).
From the remaining 270 patients, 21 had THA approached
by TO on both sides and 7 had repeated THA approached
by TO on the same side resulting in 298 TO available for
evaluation. There were 143 females and 127 males.
Average age was 58 years (SD 16, range 17–89) and BMI
26.2 (SD 5, range 15–43). Nicotine use was encountered in
84 patients.
An anterior trochanteric slide osteotomy was performed
in 247 cases (126 complex primary THA and 121 revision
THA) and an extended trochanteric osteotomy in 51 cases
(4 complex primary THA and 47 revisions THA). Indications are summarized in Table 1.
In 195 hips a cemented femoral stem Wxation technique
and in 103 a non-cemented Wxation technique were used. In
90 cases distal advancement of the trochanteric fragment
was performed.
In 75 hips a pre-existing TO was present, which showed
non-union in 28 of them. In 60 of the 166 revision THA the
previous femoral component was cemented.
The technique of Wxation of the greater trochanter was
performed using four diVerent methods which were chosen
by the operating surgeon according to the intraoperative
estimation of stability and biology. Techniques are summarized in Fig. 2 and Table 2. The postoperative regime in all
patients included abduction pillows and restricted weight
bearing of 15 kg with crutches or a walker for 8–12 weeks.

n
Primary

130

Severe developmental dysplastic hips

63

Post perthes with high riding greater trochanter

7

After intertrochanteric osteotomy in slipped
capital femoral epiphysis

5

Hip ankylosis after childhood septic arthritis

12

Posttraumatic disturbed anatomy

23

Primary osteoarthritis with severe varus morphology

16

Avascular necrosis

4

Revision

168

Aseptic loosening

93

Acetabular component revision

(22)

Femoral component revision

(12)

Total revision arthroplasty

(59)

Septic

61

Instability

14

Acetabular component revision

(8)

Femoral component revision

(2)

Total revision arthroplasty

(4)

Results
From 3,067 THA (2,400 primary and 667 revisions) performed between January 2000 and October 2009, 338 (11%)
were approached through a TO in 310 patients. Forty TO
were excluded from this investigation because of the following reasons: 11 patients were deceased (mean 17 months
after index procedure, SD 20, range 0–49) and had no

Fig. 2 Fixation of trochanteric osteotomy: a wires and screws, b screws only, c circular and longitudinal wires, d circular wires only
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Table 2 Fixation technique of the greater trochanter
ATSO

ETO

Total

1.5-mm circular wires and 3.5-mm screws

25

1

26

3.5-mm screws only

41

1

42

1.5-mm circular and vertical wires

171

13

183

1.5-mm circular wires only

10

36

46

Index surgery was complicated by a fracture of the trochanter fragment in two cases (1 ASTO, 1 ETO) making
additional Wxation necessary. In both cases the fracture and
the osteotomy healed uneventfully. Hip dislocation complicated the postoperative course in 12 cases (4%). In 5 of
them non-union of the TO occurred but it remained indeterminate if dislocation was favoured by pre-existing non-union
or vice versa. We therefore did not analyze dislocation as a
risk factor for non-union. No additional complications were
encountered.
After a minimum radiological follow-up of 6 months
(mean 28.5, SD 22, range 6–116) bony union of the trochanter occurred in 240 hips (80.5%), Wbrous union in 16

Fig. 3 Proportion of nonunions in diVerent subgroups of
patients

Fig. 4 Proportion of non-union
in diVerent subgroups of patients
in relation to cemented and noncemented stems
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hips (5.4%) and non-union in 42 hips (14.1%). The rate of
non-unions in diVerent subgroups is summarized in Figs. 3
and 4. Surgical revision because of non-union was performed in 20 cases (6.7%). In addition, 49 cases (16.4%)
underwent hardware removal.
Risk factor analysis for non-union using a linear marginal model is summarized in Table 3 and revealed that
ATSO (non-union rate: 40/247, 16.2%) bears a four times
higher risk (odds 4.25; p value 0.037) for non-union than
ETSO (non-union rate: 2/51, 3.9%) and cementation of the
stem (non-union rate: 35/195, 17.9%) a three times higher
risk (odds 3; p value 0.01) than using non-cemented stems
(non-union rate: 7/103, 6.8%). Stem cementation in a previous surgery showed a similar trend (non-union rate: 21.7
vs. 12.3%) but was statistically not signiWcant (odds 1.9;
p value 0.13). In addition, each additional year of patient’s
age showed to increase the population’s averaged odds
ratio for non-union by factor 1.028 (p value 0.016). Due to
small numbers and few events (non-union) in respective
subgroups, testing parameters such as indication for THA,
Wxation technique of the TO and femoral component
designs were not valid. All other analyzed factors (gender,
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Table 3 Study group analysis (linear marginal model)
Variable

Gender
Nicotine

Level

n

Non
union

p value
global

p value side

Odds ratio

95% CI

p value

0.57

0.27

1.2

[0.63, 2.27]

0.57

0.45

0.27

0.75

[0.36, 1.57]

0.45

0.45

0.26

1.29

[0.67, 2.51]

0.45

0.037

0.3

4.25

[1.09, 16.57]

0.037

0.3

0.31

0.669

[0.31, 1.44]

0.3

0.01

0.26

3

[1.30, 6.93]

0.01

0.13

0.15

1.9

[0.83, 4.35]

0.13

0.43

0.28

1.33

[0.65, 2.74]

0.43

0.38

0.29

Female

159

21

Male

139

21

No

211

32

Yes

84

10

3

0

Primary

Missing data

130

16

Revision

168

26

Trochanteric osteotomy

ATSO

247

40

51

2

Trochanter distalisiation

No

208

32

Yes

90

10

THA

ETO

Femoral component
Previous femoral
component

Non-cemented

103

7

Cemented

195

35

Non-cemented

108

13

60

13

Cemented

Previous TO
Previous TO

Missing data
(prim. THA)

130

No

233

29

Yes

75

13

Healed

34

5

1.12

[0.40, 3.18]

0.82

Not helaed

28

7

2.14

[0.83, 5.50]

0.11

Not judgeable

13

1

0.494

[0.06, 4.36]

0.53

Table 4 Study group analysis (results for nominal variables)
Variable

n

# response

p value side

Odds ratio

95% CI

p value

Age

298

42

0.32

1.028

[1.01, 1.05]

0.016

BMI

265

37

0.62

0.957

[0.89, 1.03]

0.21

BMI, nicotine, primary- or revision THA, distal advancement of the trochanter, and previous TO) did not turn out to
be a signiWcant factor for non-union.
Multiple logistic regression analysis is summarized in
Table 4 and identiWed age (odds ratio 1.03; p value 0.0061)
and cementation of the femoral component (odds ratio 3.03;
p value 0.02) to be the only independent risk factors of nonunion. Previous TO and cementation of previous femoral
components were not included in the multiple logistic
regression model, because these values were not available
in all TO making the multiple logistic regression model
unstable.

Discussion
During the past 10 years 11% of our primary and revision
THA were approached by a trochanteric osteotomy. This
rather high proportion might be explained by the fact that,

being a former institute for crippled children, there is high
proportion of patients treated at our centre with osteoarthritis secondary to pediatric hip disease with severe deformities, many of which have had previous pelvic and/or
femoral osteotomies.
Although most orthopedic surgeons nowadays prefer
other less invasive approaches in routine primary THAs,
the trochanteric osteotomy remains an eVective and safe
approach in certain instances, particularly revision surgery
[23–25], or severe hip dysplasia [26, 27].
Even if only 6.7% of patients required surgical revision
because of a trochanteric non-union, our reported non-union
rate of 14.1% was high. The lower revision rate may be considered an advantage of preserving the vastus lateralis muscle
in continuity with the abductor muscles, thus counteracting
dislocating forces and avoiding gross trochanteric displacement and poor function. A positive correlation between the
amount of separation and hip abductor weakness has been
demonstrated by Amstutz [6], especially if it exceeds 2 cm.
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Nevertheless, the high non-union rate justiWes eVorts to
identify risk factors for non-union. Patient’s age was the
only, but very moderate patient-related risk factor for nonunion in the present series; each additional year of age
increased the risk for non-union by 1.028. Unfortunately, in
our collective series we did not analyse the bone quality of
the trochanteric bed, with regards to osteopenia or osteoporosis. This, however, has been reported to inXuence union
rates by others [6] and may explain the eVect of age found
in our investigation. Other patient-related factors such as a
pre-existing trochanteric osteotomy did not negatively
inXuence the union rate and is in keeping with Lakestein’s
[28] study comparing repeated osteotomies with a matched
control group without previous osteotomies.
Astonishingly, despite a number of 84 patients with nicotine use, the latter was not identiWed as a risk factor for
non-union in our investigation. This is in contrast with
other investigations showing nicotine use to negatively
inXuence the bony healing [29].
Among technical factors, the use of cement on the femoral side clearly was identiWed as a risk factor for non-union.
It is known that temperatures over 56°C lead to coagulation
of protein and cell necrosis [30] and that polymerization
temperature of bone cement can reach temperatures over
120°C. PALACOS (Zimmer, Warsaw, IN, USA) reached a
temperature of 108 in an in vitro study, where the authors
came to the conclusion that bone cement which is put in living tissues, must lead to thermo-necrosis [31]. The eVect of
compromising the trochanteric bed by extrusion of pressurized cement in the cancellous bone is repeatedly [6, 18, 32,
33] mentioned in the literature but has never been identiWed
as an independent risk factor for non-union.
Compared to the ETO, the ATSO had a signiWcantly
higher non-union rate in the linear marginal model, however, this signiWcance disappeared in the multiple logistic
regression model, indicating that the ATSO is not an independent risk factor. The most likely explanation of this
Wnding is that cemented femoral components were much
more frequently used in ATSO than in ETO (Fig. 4) confounding results using the linear marginal model.
The present investigation has several limitations. First,
radiographs were evaluated by a single observer. However,
in any case of doubt the senior author was consulted. Second, it would have been preferable to test all variables in a
multiple logistic regression model. However, this was not
possible because at least ten times as many events (nonunions) as variables are required for a meaningful analysis.
Therefore, parameters such as indication for THA, Wxation
techniques of the TO and femoral component designs,
showing no signiWcant inXuence in a pre-test analysis, were
not valid in the multiple regression analysis due to our sample size and parameters analyzed. In addition, screw Wxations were used in some of our TO. According to
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KampshoV et al. [34] bicortical screw insertion may cause
cracks in the periprosthetic cement mantel, which eventually induces loosening of the construct. According to
Bowmann et al. [35] not only the amount of weight bearing
but also gait speed relevantly inXuences forces acting on
the joint and thus on the osteotomy. However, patient’s
compliance remains an unknown inXuencing factor for
trochanteric non-union.
Finally, we deWned non-union of the greater trochanter
as primary outcome measure and did not monitor the clinical impact of either non-union or Wbrous union. However,
several other reports show that Wbrous union is often without relevant clinical signiWcance [2, 8, 17, 36].
Despite these limitations, we conclude that femoral
cementation and older age negatively inXuence union of
trochanteric osteotomies. Our Wndings have changed our
current practice as we now restrict the use of trochanteric
osteotomies in older patients if possible. In addition, our
priority is now to use non-cemented femoral reconstructions in cases where a trochanteric osteotomy appears
unavoidable for adequate reconstructions in complex primary
and revision THA.
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