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Abstract

Introduction The intraoperative estimation of the ante-

version of the femoral component of a total hip arthroplasty

is generally made by the surgeon’s visual assessment of the

stem position relative to the condylar plane of the femur.

Aim The aim of this study was to evaluate the femoral

component anteversion relative to lesser trochanter during

cementless total hip arthroplasty. The intraoperative esti-

mation of the anteversion of the femoral component of a

total hip arthroplasty is generally made by the surgeon’s

visual assessment of the stem position relative to the con-

dylar plane of the femur. The aim of this study was to

evaluate the femoral component anteversion relative to

lesser trochanter during cementless total hip arthroplasty.

Method The authors investigated the version of the lesser

trochanter (LTV) relative to the posterior femoral condyles.

Fifty-seven patients (59 hips) scheduled for primary

cementless total hip arthroplasty underwent preoperative

computed tomography and it was measured the LTV and

collo-femoral version at the level of the proximal-most

portion of the inferior neck, with respect to the lesser tro-

chanter (native collo-trochanteric angle, NCTA). During

surgery, the operative collo-trochanteric angle (OCTA)

was measured.

Results The mean LTV was 34.1 ± 3.0�, the mean

NCTA was 49.1 ± 5.6�, and the mean OCTA was

48.8 ± 6.0�, which did not differ significantly from the

NCTA (p = 0.495); the correlation coefficient was 0.872

(p \ 0.0001). Based on the data, there was a constant

relationship between the lesser trochanter and posterior

femoral condyles and a good correlation between NCTA

and OCTA.

Conclusion The authors recommend first estimating the

anteversion of the femoral component relative to lesser

trochanter and then adjusting the position of the acetabular

component to that anteversion of the femoral component to

improve stability and reduce impingement.

Keywords Arthroplasty � Cementless � Hip �
Anteversion � Lesser trochanter

Introduction

Proper positioning of both the acetabular and femoral

components in total hip arthroplasty (THA) minimises

impingement and its attendant complications [1, 2]. Several

studies support the concept that, for the optimum range of

motion in THA, the combined femoral and acetabular

anteversion should be some constant value; previous

studies have proposed a mean combined anteversion of

approximately 37� (range 25–50�) to avoid impingement or

dislocation [2–6].

Typically, the surgeon visually estimates the intraoper-

ative anteversion of the femoral component by assessing

the stem position relative to the condylar plane of the

femur, unless computer navigation is used. However,

M. C. Unlu (&) � H. Kesmezacar � H. Botanlioglu

Department of Orthopaedics and Traumatology,

Cerrahpasa Faculty of Medicine, Istanbul University,

Karslı Ahmet Cad 73/11, Icerenkoy, Kocamustafapasa,

34303 Istanbul, Turkey

e-mail: unludilek@hotmail.com

F. Kantarci

Department of Radiology, Cerrahpasa Faculty of Medicine,

Istanbul University, Kocamustafapasa, 34303 Istanbul, Turkey

B. Unlu

Haydarpasa Numune State Hospital, Istanbul, Turkey

123

Arch Orthop Trauma Surg (2011) 131:1317–1323

DOI 10.1007/s00402-011-1282-9



because the available osseous landmarks are limited to the

femoral neck and coronal femoral axis, as determined by

palpating the epicondyles, even experienced surgeons may

have difficulty estimating femoral anteversion during THA

[5, 7]. In cementless THA, the available bone coverage

provides the surgeon with a degree of flexibility in intra-

operative estimation of acetabular anteversion, but the

anteversion of a tight press-fit femoral component may be

restricted by the anatomy of the femoral neck, the diaph-

yseal bow, and the anterior–posterior isthmus at the level

of the lesser trochanter created by the calcar femorale.

Therefore, the surgical intervention may not achieve the

desired degree of anteversion.

This study estimated the version of the femoral com-

ponent relative to the lesser trochanter and investigated the

use of this parameter as a guide for implant position in

THA. The authors asked two questions: is there a constant

relationship between the lesser trochanter and the posterior

femoral condyles and, if so, is it possible to estimate the

version of a ‘‘best-fit’’ cementless femoral component with

respect to the lesser trochanter?

Materials and methods

Patients

Institutional review board approval was obtained for this

study, and all patients gave informed consent. Between

June 2009 and February 2010, 57 osteoarthritis patients (59

hips) who were candidates for THA using a cementless

femoral component were included in this study. The par-

ticipants included patients with primary osteoarthritis of

the hip or osteoarthritis secondary to mild dysplasia (less

than 50% subluxation according to the classification of

Crowe et al. [7]) and non-traumatic osteonecrosis of the

femoral head. The authors excluded patients who had

experienced osteoarthritis and arthroplasty elsewhere than

the hip, those with moderate to severe dysplasia (more than

50% subluxation according to the classification of Crowe

et al. [7]), and those who had undergone prior surgery on

the affected hip. Bilateral cases were treated at least

2 weeks apart. The participants included 27 men (27 hips)

and 30 women (32 hips). The reason for surgery was pri-

mary osteoarthritis in 35 hips, mild developmental dys-

plasia of the hip and severe degenerative joint disease in 21

hips, and osteonecrosis in 3 hips. Nineteen patients (21

hips) showed dysplastic femora. The remaining 38 patients

(38 hips) did not show dysplastic femora and were classi-

fied as having normal anatomy. The mean age at the time

of surgery was 62.1 ± 7.4 years (range, 47–77 years).

The femoral components used were anatomic titanium

plasma-sprayed, hydroxyapatite-coated replacements (F40

Press Fit; Biomet Europe) in all hips.

Radiological techniques

Fifty-seven patients scheduled for primary THA underwent

preoperative computed tomography (CT; Somatom Sen-

sation Cardiac, Siemens, Erlangen, Germany). All CT

procedures were performed with the patient supine and

positioned symmetrically in the scanner. A neutral position

of the pelvis was obtained by requesting the patient to lie

prone with the anterior tips of the iliac crests and sym-

physis pubis resting evenly on the table. A support placed

beneath the ankles was used to keep the patient’s feet

parallel to each other. The scanned region extended from

the level of the fourth lumbar vertebra proximally to the

knee, including the distal femoral condyles. Each exami-

nation was performed using a 5-mm slice thickness and

reconstruction was performed from the raw data using

2-mm slice thicknesses at 1-mm intervals. The images were

imported into the Virtuoso software package (Siemens

Medical Systems) in generic Digital Imaging and Com-

munications in Medicine (DICOM) [8] format for mea-

surements. All measurements were made using axial CT

images.

Measuring the lesser trochanteric version

The lesser trochanteric version is the angle between the

epicondylar axis of the knee joint and the transverse axis of

the lesser trochanter (lesser trochanteric axis). Measure-

ments of the posterior condylar axis were used to validate

the epicondylar axis [9]. The lesser trochanter cannot be

visualised as a whole in the transverse plane because of its

posterior and cephalad orientation; therefore, the lesser

trochanter axis was defined as the line passing through the

centroid of the base of the lesser trochanter on the slice that

showed the largest width of the lesser trochanter and the

centroid at the tip of the lesser trochanter (Fig. 1).

Measuring the native collo-trochanteric angle

The collo-femoral version with respect to the lesser tro-

chanter (native collo-trochanteric angle) was defined as the

angle between the collo-femoral axis and the lesser tro-

chanter axis. The slice at the level of the most proximal

portion of the inferior neck that had no head portion was

selected for measuring the collo-femoral axis. This level

provides the most accurate estimate of the neck axis with

the single slice method [10] and is consistent with the level

of the collum osteotomy in THA. At this level, the collo-

femoral axis was defined as the line passing through the
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midpoints at both the medial and lateral edges of the

central portion of the neck (Fig. 2).

Surgical technique

After completing the preoperative CT measurements as a

pilot study, all 59 patients underwent cementless primary

THA performed by one surgeon (M.C.U.) using a posterior

mini-incision technique [11] with minimal modification of

the exposure of the lesser trochanter (incision length was

7–14 cm). After the collum osteotomy, the femur was

prepared first, allowing the surgeon to estimate the ante-

version of the femoral stem and then adjust the anteversion

of the acetabular component accordingly to provide a

combined anteversion of stem and cup in the safe zone of

25–50� [6].

The femur was prepared by flexing the knee and placing

the tibia in a vertical position. The surgeon sighted the

version of the femoral broaches and then the trial compo-

nent in a parallel relation to the posterior wall of the

medullary cavity at the level of the collum osteotomy. Just

proximal to this level, the anterior and posterior walls of

the medullary cavity are parallel, but closer to this level,

only the posterior wall is still flat [10]. Because cementless

THA uses an anatomic femoral component that fills the

metaphysis and proximal diaphysis in the mediolateral

plane, and this stem fills the metaphysis from medial to

lateral, the position of the femoral component is dictated in

part by the native femoral neck posterior wall, which is

somewhat flat. Therefore, the femoral component axis was

also parallel to the posterior wall of the medullary cavity at

the level of the collum osteotomy. Subsequently, the

operative collo-femoral version with respect to the lesser

trochanter was measured (the operative collo-trochanteric

angle): the angle between the operative axis of the lesser

trochanter as it bisects the posterior wall of the medullary

cavity at the level of the collum osteotomy (Fig. 3). The

surgeon was blinded to the value of the native collo-tro-

chanteric angle. Afterward, the anteversion of the femoral

component was calculated as the operative collo-trochan-

teric angle minus 34� (the mean lesser trochanteric ver-

sion). Then, the position of the acetabular component was

adjusted to that of the calculated anteversion and the neck

shaft angle of the femoral component to provide a mean

combined anteversion of approximately 37� (range,

25–50�) [2–6]. A specific manoeuvre was used to assess the

posterior stability with the trial components [12]. With the

patient in the true lateral decubitus position, the femur was

internally rotated without hip flexion until the degree of

combined anteversion was individualised to the patient.

Posterior dislocation was not observed in any patient.

Statistical analysis

Statistical methods designed for independent observations

were used. The Kolmogorov–Smirnov test was used to test

for normal distributions before any statistical analysis was

performed. One musculoskeletal magnetic resonance

imaging (MRI) radiologist measured the lesser trochanteric

version and native collo-trochanteric angle on all CT

images. The mean, standard deviation, standard error, and

95% confidence interval were calculated. Univariate anal-

ysis of variance (ANOVA) was used to analyze the factors

(sex and dysplastic/anatomically normal femur) potentially

influencing the lesser trochanteric version.

The surgeon’s estimates of the collo-trochanteric angle

(operative collo-trochanteric angle) were compared with

the computed tomography values (native collo-trochanteric

angle) using the scan as the true reference. Bias, precision,

and Pearson’s correlation coefficient were calculated based

on these operative and native values, and then the paired

samples t-test was used to compare the means of the two

variables.

Fig. 1 Axial CT showing the measurement of the lesser trochanteric

version for the right hip of a 47-year-old woman. The lesser

trochanteric version is the angle between the posterior condylar axis

of the knee joint (line A) and the lesser trochanteric axis (line B)

Fig. 2 Axial CT of the collo-femoral axis (line A) for the right hip of

a 47-year-old woman
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Precision (randomised error) is the closeness of agree-

ment between repeated measurements made under similar

conditions and represents the reliability and reproducibility

of a test. In this study, precision was measured between

each independent measurement of the native and operative

collo-trochanteric angles. Bias (system error) is a consistent

difference between a set of measurements and an accepted

reference or true value [13]. In this study, bias was defined

as the numerical difference between the mean value of the

operative and native collo-trochanteric angles. All analyses

were performed using the SPSS statistical software package

(ver. 17.0 for Windows, SPSS, Chicago, IL, USA).

Results

Operative versus native collo-trochanteric angles

The mean native collo-trochanteric angle (49.1 ± 5.6�;

range, 37.3–60.5�) did not differ significantly from the

mean operative collo-trochanteric angle (48.8 ± 6.0�;

range, 35.0–63.0�; p = 0.495, paired samples t-test). The

correlation coefficient was 0.872 (p \ 0.0001) and the

values for bias and precision were calculated at 2.84 and

0.99, respectively (Fig. 4). The correlation coefficient,

which described the degree of association between the

native and operative collo-trochanteric angles, had 100%

statistical power with the sample size of 59 hips Table 1.

Lesser trochanteric version

The mean lesser trochanteric version was 34.1 ± 3.0�
(range, 30.1–39.0�; 95% confidence interval 33.33–34.87�)

with 100% of values differing from the mean by less than

5�; this value showed 80% power for predicting the mean

within 1� of error with the sample size of 59 hips.

ANOVA, with a post hoc Tukey honestly significant

difference (HSD) test, revealed that neither gender nor the

presence of a dysplastic/anatomically normal femur was

significantly associated with discrepancies in the mea-

surement of lesser trochanteric version. The mean lesser

trochanteric version was 35.1 ± 3.0� (range, 30.1–39.0�)

for women (n = 32 hips) and 32.9 ± 2.6� (range,

30.3–39.0�) for men (n = 27 hips). The mean lesser tro-

chanteric version angle was 35.7 ± 3.0� (range,

31.1–39.0�) for dysplastic femora (n = 22 hips) and

33.2 ± 2.6� (range, 30.1–38.9�) for anatomically normal

femora (n = 37 hips).

Descriptive statistics are given at Table 1.

Discussion

The authors analyzed 59 THAs preoperatively with CT and

determined that there exists a constant relationship between

the lesser trochanter and posterior femoral condyles. Even

Fig. 3 An image showing the measurement of the operative collo-

trochanteric angle for the right hip of a 47-year-old woman. The

operative axis of the lesser trochanter was defined as the line passing

through the midpoint of the base (largest width) of the lesser

trochanter and the caudal projection of the tip of the lesser trochanter.

Kirchner wire (no. 1.5) was used to determine the operative axis of

the lesser trochanter, and the operative collo-trochanteric angle was

measured with a sterile goniometer. The axis of the goniometer was

placed over the posterior wall of the medullary cavity, and the

projection of the Kirchner wire over the goniometer was recorded as

the operative collo-trochanteric angle. Note that the femoral trial

component axis is parallel to the posterior wall of the medullary

cavity at the level of the collum osteotomy

Fig. 4 A scattergram of the operative versus the native collo-

trochanteric angles shows a high correlation (correlation coefficient

0.872, p \ 0.0001)
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intraoperatively, it was possible to estimate the version of a

‘‘best-fit’’ cementless femoral component with respect to

the lesser trochanter.

Many authors have studied the optimal position of the

acetabular component, but little has been written regarding

the final position achieved with a cementless femoral

component, except to recommend approximately 15� of

anteversion [3–5, 11]. In a previous study, the accuracy of

surgeon-estimated femoral anteversion in 109 consecutive

cementless THAs (99 patients) was evaluated prospectively

with three-dimensional CT reconstruction of the femur;

this analysis revealed that 47% of the femoral stems

showed anteversion of less than 10� [14]. Another study of

femoral anteversion compared surgeon estimates to values

obtained via two-dimensional CT in 111 hips (111 patients)

[5]. After measuring both cemented and cementless fem-

oral components, the authors reported that only 30% (18 of

60 femoral components) achieved a range of 10–20� of

anteversion, although 103 of the 111 surgeon estimates had

ranged between 15� and 20�. Therefore, the surgeon’s

intraoperative assessment of femoral anteversion may not

be accurate. Furthermore, with cemented arthroplasty, the

surgeon can easily control the anteversion of a smaller

femoral component in the rasped canal. In contrast, sur-

geons performing cementless arthroplasty have little con-

trol over the femoral component, because its position is

dictated by the native proximal femoral anatomy. In their

prospective study, Bargar et al. [15] measured the native

acetabular, native femoral, and prosthetic femoral ante-

version of 46 patients who underwent THA using straight-

stem cementless femoral components. They reported that

the mean femoral component anteversion was 8.7� greater

than the mean native femoral neck anteversion and there

was no correlation between the native or prosthetic femoral

anteversion and the native acetabular anteversion.

Accordingly, the data from this previous study support the

use of prosthetic femoral anteversion as a guide for opti-

mising the position of the acetabulum.

These studies indicate that, especially for cementless

applications, the final position is determined by the femoral

component. Moreover, because the final position achieved

may differ from the recommended target anteversion, an

accurate estimate of the degree of femoral anteversion is

required to permit the surgeon to adjust the acetabular

anteversion to compensate, if necessary. Therefore, sur-

geons should avoid the tendency to routinely target the

acetabular component anteversion to 15–20� [6, 16], and

instead adjust this parameter to compensate for sub-optimal

femoral anteversion.

For this reason, the authors investigated the use of the

lesser trochanter for estimating femoral anteversion. The

authors asked two questions: is there a constant relation-

ship between the lesser trochanter and posterior femoral

condyles, and if so, is it possible to estimate the version of

a ‘‘best-fit’’ cementless femoral component with respect to

the lesser trochanter? In answer to the first question, the

results showed that the mean lesser trochanteric version

was 34.1 ± 3.0� with 100% of values differing from the

mean by less than 5�. Therefore, there is a constant rela-

tionship between the lesser trochanter and posterior fem-

oral condyles. In this study, the precision and bias of the

surgeon’s estimates of operative collo-trochanteric angle

were 0.99 and 2.84, respectively; the surgeon achieved a

consistent result within 3� precision and bias. The surgeon

was relatively consistent, in that the difference between

native and operative values did not exceed 3�. In answer to

the second question, although this study focused on the

work of one surgeon with 6 years of experience, we think

that other surgeons will have at least the same degree of

precision and bias, suggesting it is indeed possible to pre-

dict the ‘‘best-fit’’ cementless femoral component version

that will obtained.

There are limitations to this study. The first is that these

findings are limited to the specific femoral component used

in this study. Although its design is not dissimilar to many

other anatomic implants currently available, these findings

may not be generalisable to all other total hip designs.

Second, although the statistical power for predicting the

lesser trochanteric version mean with 1� error with the

sample size of 59 hips was 80%, the statistical power

dropped below 80% when these hips were grouped

according to gender or the presence of a dysplastic/ana-

tomically normal femur. However, if the authors accept 2�
error for predicting the lesser trochanteric version mean,

all subgroups will have a statistical power exceeding

90%. Third, the authors did not obtain repeatability or

Table 1 Descriptive statistics (n = 59 hips)

Measurement Mean Standard deviation Standard error 95% Confidence interval for mean Minimum Maximum

Lower bound Upper bound

Native collo-trochanteric angle 49.1 5.6 0.73 47.62 50.57 37.30 60.50

Operative collo-trochanteric angle 48.8 6.0 0.78 47.27 50.39 35.00 63.00

Trochanteric version 34.1 3.0 0.39 33.33 34.87 30.1 39.0

The values are given as degrees
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intra-observer variability data for the CT measurements.

Finally and most importantly, the clinical relevance of this

study is dependent on the assumption that the various papers

proposing the use of combined femoral and acetabular ante-

version for the optimal position of the implants are correct.

Although, the morphological features of the proximal

femur have been used in preoperative planning before THA

[17], the authors are not aware of any study examining the

position of the lesser trochanter relative to the posterior

femoral condylar plane (i.e., lesser trochanteric version). It

is well known that the dysplastic femur often has a narrow

medullary canal and increased anteversion [7, 18–20].

However, although several studies examining patients with

primary osteoarthritis have supported the hypothesis that a

persistent increase in femoral anteversion predisposes the

patient to osteoarthritis of the hip [21–24], several other

studies have reported contradictory findings [25–27]. The

size and shape of the human femur varies with the gender,

age, stature, and ethnic background [28]. The authors

choose the lesser trochanter because it was hypothesised

that the position (version) of the lesser trochanter will be

constant relative to the changes in the magnitude and

direction of the forces affecting the shape and anteversion

of the femur due to the attached iliopsoas muscle. These

findings supported the validity of this hypothesis.

The typical technique used by many surgeons is to place

the acetabular component in line with the native acetabular

anteversion and then place a best-fitting implant in the

femoral canal. Because suboptimal combined anteversion

increases the likelihood of dislocation [29], the authors

recommend first preparing the femur parallel to the pos-

terior wall of the medullary cavity at the level of the collum

osteotomy and then adjusting the position of the acetabular

component to that of the calculated anteversion of the

femoral component [measured operative collo-trochanteric

angle minus 34� (mean lesser trochanteric version)] to

improve stability and reduce impingement.

Acknowledgment Thanks to Dr Nabuhiko Sugano for radiological
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