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The torsion of the proximal femur in cementless total hip
arthroplasty: a 3-dimensional evaluation

Michael Wettstein'23, Elyazid Mouhsine!->3,
Jean-Manuel Aubaniac*, Laurent Audigé®, Matthieu Ollivier?,
Pierre-Francois Leyvraz’ and Jean-Noél Argenson4

Abstract

Introduction: The anatomy of the proximal femur at the time of total hip arthroplasty has been widely studied but the
horizontal plane was never considered, or only limited to the torsion of the femoral neck.

Methods: Using CT-scan images from a group of 178 patients scheduled for cementless total hip arthroplasty (THA),
we analysed the evolution of the torsion of the proximal femoral metaphysis, in reference to the posterior bicondylar
plane of the femur. The evolution of the torsion, between 20 mm below the centre of the lesser trochanter and 20 mm
above, was evaluated.

Results: In cases of primary osteoarthritis, osteonecrosis, rheumatoid arthritis and epiphysiolysis capitis femoris, the mean
torsion decreased from 46° to 20° without significant differences in average values between the different diagnoses, but
important individual variations were found. In the groups of dysplasia and congenital hip dislocation, the torsion values were
significantly higher, decreasing in mean from 59° to 25° and 63° to 34° respectively, and with important individual variations.
Conclusions: These data are important when using cementless femoral stems, since an ideal fit-and-fill in the proximal
femur zone has been shown to positively influence bone ingrowth of the stem. However, a strict adaptation of
the stem to the medullary canal, without considering its torsion, can lead to an increased or decreased torsion of
the prosthesis neck and thus to an instability of the arthroplasty. For these reasons, if a perfect adaptation of the
stem to the intramedullary anatomy and an optimal reconstruction of the extramedullary anatomy are to be achieved,
3-dimensional planning should ideally be obtained for every patient. This will allow the best stem choice adapted to every
single patient and every kind of anatomy.
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Introduction

The anatomy of the proximal femur has been widely stud-
ied, aiming to standardise the conception of cementless

femoral stems. Noble et al.,' Rubin et al.? and Laine et al.?
showed that the anatomy of the proximal femur can be
divided into intramedullary and extramedullary parts.

The extramedullary anatomy of the femur setts the
position of the hip centre, depending on neck length, fron-
tal offset, CCD angle (Centre — Colum - Diaphyseal) and
neck anteversion. Despite the clinical importance of this
extramedullary part,*8 the present study will focus mainly
on the intramedullary anatomy, with consequences on
neck anteversion.

of Musculoskeletal System, Lausanne University Hospital, Lausanne,
Switzerland

“Institute for Locomotion, Department of Orthopaedics and
Traumatology, Sainte-Marguerite Hospital, Aix-Marseille University,
Marseille, France

SResearch Group Upper Extremity, Schulthess Klinik, Zirich,
Switzerland

Corresponding author:

Michael Wettstein, ITOLS, Clinique de Genolier, Route du Muids 3,
Genolier, Vaud CH-1272, Switzerland.

Email: m.wettstein@itols.ch



Table |. Distribution of gender, side and age according to diagnosis.

Diagnosis

Gender

Side

Mean age (years)

Primary osteoarthritis

Dysplasia

Congenital dislocation of the hip
Aseptic osteonecrosis of femoral head
Rheumatoid polyarthritis
Epiphysiolysis capitis femoris

55 men, 45 women
6 men, 14 women
6 men, 14 women
15 men, 5 women
5 men, 4 women

6 men, 3 women

52 right, 48 left

60.5 + 12.5 (30-84)

12 right, 8 left 53.9 + 17.2 (23-78)
11 right, 9 left 57.8 = 13.9 (27-78)
9 right, 11 left 55.4 = 16.1 (32-80)
6 right, 3 left 63.5 = |1.3 (47-77)
5 right, 4 lef 553 + 12.7 (35-70)

In an anatomic study of 200 cadaveric femurs, Noble
etal.! defined canal flare index as the width of the canal 20
mm above the lesser trochanter divided by the width at the
level of the isthmus, finding 83% normal, 9% called stove-
pipe (large canal) and 8% champagne-fluted (narrow
canal).

Rubin et al.? showed the same anatomic variations of
the proximal femur in the frontal plane, highlighting that a
standard radiological analysis was insufficient and recom-
mending an additional CT-scan.

Husmann et al..” in a more recent CT-scan study,
showed that the variations in shape described by Noble
et al.' do not only occur in the frontal plane but also in the
sagittal plane. When considering canal flare index in both
planes they only found 30% of the femurs could be consid-
ered as normal.

In contrast with its frontal and sagittal shape, the geom-
etry of the proximal femur in the horizontal plane is not
well described, except for neck anteversion.!% ' This ante-
rior torsion of the femoral neck is defined as the angle
between the posterior bicondylar plane and the axis of the
femoral neck. According to Husmann et al.,’ its mean
value is 24.7° = 8.7°.

Wilkinson,' and more recently Yu et al.,'® have shown
that anterior torsion does not only depend on the position
of implantation of the femoral neck on the intertrochan-
teric region, but also on the torsion of the proximal femoral
metaphysis.

Proximal femoral torsion is defined as the angle
between the posterior femoral bicondylar plane and the
axis of the femoral metaphysis at the level of osteotomy of
the femoral neck for total hip arthroplasty (THA).
According to Husmann et al.,’ proximal femoral torsion,
or helitorsion, has no correlation with anterior torsion of
the femoral neck and shows broad individual variations
between 8.3° and 44.9°, with a mean value of 24.0° *
11.8°.

However, the choice of the level of proximal femoral
torsion corresponding to the level of osteotomy of the fem-
oral neck during hip arthroplasty does not take into account
the progression of metaphyseal torsion along the proximal
femur. Furthermore, this could explain why anatomic and
prosthetic antetorsion may not match, as mentioned by
Sendtner at al.!”

Because of the recent interest in metaphyseal fixation
of cementless stems, particularly in so-called “anatomic
designs”, a more precise knowledge of the evolution of
proximal femoral torsion seems important. This should
help with the design of cementless stems in THA for vari-
ous anatomies and also allow a precise adaptation of the
stem to the intramedullary anatomy of each patient when
needed, in order to achieve an optimal fit-and-fill.'8-2°

Our hypothesis was that the femoral torsion progres-
sively changes along the proximal femoral diaphysis and
metaphysis and that its progression is highly individual.
The goal of this study was to determine the mean values of
proximal femur torsion at different levels of the metaphy-
sis as well as its individual differences in various types of
pathologic hips found at the time of THA.

Material and methods

A total of 178 patients scheduled for cementless THA and
representing various etiologies were evaluated by X-rays
and CT-scans using the same protocol. The X-rays con-
sisted of A/P pelvis, both hips A/P and profile, as well as a
telemetry view. CT-scans were carried out in 5 millimetre
intervals from the top of the acetabulum to the femoral
isthmus, 1 slice at the knee and 1 at the foot. Because the
femur was not scanned along its complete length, it was
not possible to relate the level of the slices to the relative
length of the femur.

Table 1 shows the number of cases analysed for each
diagnosis as well as sex and age distribution.

Primary hip osteoarthritis (OA), used as reference val-
ues, is defined as osteoarthritis with coxometry values
within a normal range.?! Dysplasia is defined as Wiberg?
VCE (vertical centre-edge) angle <<25°, Tschauner AC
(acetabular index) angle >10° and Lequesne®® ACE (ante-
rior centre-edge) angle <<25°. We used the expression hip
dysplasia for Crowe stage I, II and III and the expression
congenital dislocation of the hip for Crowe et al.>* stage
Iv.

A computer-assisted design program (Contouring,
Symbios, Yverdon, Switzerland), was performed on
CT-scan images for computer-assisted analysis.®?> The
first step was to determine the axis of the posterior bicon-
dylar plane, which was automatically reported on all



(a) Neck anterior torsion
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(b) Proximal femoral torsion

Figure |. Measurement of anterior torsion: (a) at the level of the femoral neck (N) and proximal femoral torsion and (b) at the
level of the proximal femoral metaphysis (F). The oval shape helps measuring the axis of the metaphysis.

images of the single series. This allowed for the measure-
ment of the angle formed with the metaphyseal axis, repre-
sented by the long axis of an oval shape matching the inner
contour of the bone at each selected level of the femur and
representing the proximal femoral torsion angle (Figure 1).

After determining the midpoint of the lesser trochanter
(LT) as a reference point, the levels of CT-scan images to
be analysed were selected at 5 mm between 20 mm below
LT and 20 mm above LT, and 1 slice at 30 mm above LT. 1
slice at the basis of the femoral neck and 1 slice at the level
of the centre of the femoral head were used to measure
neck torsion according to the technique described by
Murphy et al.?

The lowest level of measure at 20 mm below LT was
chosen because most cases showed an almost round shape
of the femoral canal beneath, thus not allowing a precise
measure of proximal femoral torsion.

25 randomly selected cases were blinded and analysed
by 2 experienced observers, twice, and 2 days apart, to
verify the accuracy of the measures.

All results were recorded as angular values (degrees)
with mean and extreme values as well as = 1 SD (standard
deviation) indicated.

Statistical analysis was done with Stata (StataCorp
LLC, College Station, TX, USA), using the 2-sample #-test
with equal variances. Significance was defined as p-value
<0.05.

This study protocol was accepted by the ethical com-
mittee of the Faculty of Biology and Medicine of Lausanne
University (Switzerland).

Results

A group of 178 files representing 100 men and 78 women
(93 right and 85 left hips) with a mean age of 59 * 14
years (23—84 years) were analysed. We found no signifi-
cant differences between the groups in means of gender,
side or age.

The 25 files which were analysed twice showed a SD
of torsion angle of *=2° not considered as significant

(p > 0.05), and in accordance with similar analyses.?’
Intra- and inter-observer correlation ranging from 0.95 to
0.91 was considered excellent.

The mean foot progression angle showed no statisti-
cally significant difference across all groups, meaning that
no torsional leg deformity was present below the knee.

Figure 2 shows the results of mean proximal femoral
torsion with maxima and minima in the different groups of
pathologies, including the neck angle. Mean femoral tor-
sion in primary OA decreased from 46.1 = 12° at —20 mm
to 19 = 7.8° at +20 mm from LT, with important individ-
ual variations at each level. Mean anterior femoral neck
torsion was 10.8 = 8.5°, varying between 3.1° and 19.5°.

This group was divided into 2 subgroups, 1 with 56
patients <65 years and the other with 44 patients >65
years. There was no significant difference in proximal
femoral torsion between the 2 groups at each measured
level (p > 0.05), meaning that torsion does not vary with
the age of the patient.

In the femoral head osteonecrosis group, proximal
femoral torsion decreased from 46.8 = 17.5° at —20 mm
to 19.1 = 11.7° at +20 mm and in the rheumatoid arthritis
group from 50.3 = 14.4° at =20 mm to 18.6 * 7.2° at
+20 mm.

The epiphysiolysis capitis femoris group had a proxi-
mal femoral torsion decreasing from 36.6 = 16.8° at —20
mm to 23.6 * 9.9° at +20 mm. In contrast with all other
groups, we found an important difference of anterior tor-
sion between the level of the femoral neck basis (mean
16.3°) and the femoral head level (mean 7.9°) explained by
the epiphyseal origin of this disease.

No statistically significant difference was found between
the proximal femoral torsion values of the reference group
of primary OA and the groups of osteonecrosis, rheumatoid
arthritis and epiphysiolysis capitis femoris (p > 0.05).

When comparing the proximal femoral torsion at the
level of neck osteotomy to the ideal anterior torsion of a
prosthetic femoral neck of 15°, we found that 50% of the
cases were within a range of *5° and 50% were outside
this range for all pathologies.
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Figure 2. Mean, minimal and maximal femoral torsion at several levels in all diagnostic groups.

Proximal femoral torsion of the dysplasia group
decreased from 58.4 * 15.8° at =20 mm to 25.2 = 12° at
+20 mm. The mean anterior torsion of the femoral neck in
this group was the same as in the reference group, with a
mean value of 14.4 = 11°.

Finally, the group of congenital dislocation of the hip
had a proximal femoral torsion decreasing from 63.1 =
17.2° at =20 mm to 34.4 = 18.3° at +20 mm. In this group,
anterior neck torsion was significantly higher than in the
reference group, with a mean value of 24.8 = 20.1° (p <
0.05).

The proximal femoral torsion in the groups of dysplasia
and congenital dislocation was significantly different at
each level compared to the reference group especially for
congenital dislocation (p = 0.02 compared to p = 0.002).

When we compared proximal femoral torsion at the
level of osteotomy of the femoral neck to an ideal anterior
torsion of 15° of a prosthetic femoral neck, we only found
20% of the dysplasia and 5% of the congenital dislocation
cases within a range of =5°.

Discussion

The anatomy of the proximal femur is more sophisticated
than often reported and outlined by only a few previous
articles.!* The anatomic variations of the femur have

been described in terms of length and anteversion of the
femoral neck, as well as inclination (CCD angle).
Intramedullary anatomy has shown large individual varia-
tions of shape, in the frontal and the sagittal planes.'>?
Proximal femoral torsion, defined as the torsion of the
upper femur useful for THA, was first reported by
Husmann et al.’ They only reported a value of torsion at
the level of osteotomy of the femoral neck, but they did not
take into account the progression of the torsion along the
metaphysis. The present study has shown that torsion was
located in the whole proximal femur, beginning at approxi-
mately 20 mm under the midpoint of the lesser trochanter.
Our preliminary hypothesis that proximal femoral torsion
changes progressively along with the proximal femoral
metaphysis was verified in all studied groups of different
hip diseases leading to THA.

No difference in terms of proximal femoral torsion was
found in our study between younger and older patients in the
group of primary OA. Noble et al.?® also found no difference
in male femora, but found significant differences in female
femora, which may be explained by osteoporosis decreasing
bone-density, possibly influencing the frontal and sagittal
shape of the femur, but not affecting the horizontal plane,
namely the proximal femoral torsion. In their study,
Husmann et al.? found no significant difference between the
mean value of proximal femoral torsion (24.0° = 11.8°) and



Figure 3. If a rectangular stem is not adapted to proximal
femoral torsion (middle green line without arrow) but
implanted so as to achieve the desired anterior torsion of
the femoral neck (lower purple arrowed line), the edges of
the implant will induce peak loads at the femoral cortex.
Furthermore, the size of the implant must be decreased to
adapt to the transverse shape of the medullary canal.

the mean value of anterior torsion of the neck (24.7° = 8.7°)
in patients with primary OA of the hip, despite broad varia-
tion of proximal femoral torsion between 8.3° and 44.9°. In
our study, the mean value of anterior torsion of the neck in
primary OA was 10.3° = 8.5° and significantly different (p
< 0.05) compared to the proximal femoral torsion at 15 mil-
limetres above the midpoint of the lesser trochanter (approx-
imate level of osteotomy during THA). The same finding
was true for all groups of diagnoses.

No significant difference of proximal femoral torsion
could be found at any level between the reference group of
primary OA and the groups of aseptic osteonecrosis of the
femoral head, rheumatoid arthritis and epiphysiolysis capitis
femoris. This finding is explained by the epiphyseal or articu-
lar origin of the disease, which does not affect femoral meta-
physis. However, there were important individual differences
of torsion at each level within all these groups. This finding is
important because it shows that a femur not only differs from
1 patient to the other in the frontal and the sagittal planes as
described by Noble et al.! and Husmann et al.? but also in the
horizontal plane. This adds 1 component to the 3-dimensional
anatomy of the femur which should be taken into account
when planning or designing femoral stems for THA.

Significant differences of proximal femoral torsion
were found at each level between the groups of dysplasia
or congenital dislocation of the hip and the reference group
of primary osteoarthritis. This difference is explained by
the congenital origin of the disease as shown by Tonnis
and Heinecke?® and Wilkinson,?° attributed to the different
rotational postures of the foetus, thus affecting the rotation
of the whole proximal femur during its development.

The knowledge of the decrease of proximal femoral
torsion, from metaphysis to the neck, is very important

Figure 4. A stem which is implanted according to an
increased proximal femoral torsion (middle green line without
arrow) will induce an increased femoral neck anterior torsion
(lower purple arrowed line).

for the design of a cementless femoral stem. Indeed, the
literature shows that the long-term results of cementless
hip stems are related to an optimal proximal fit-and-fill
to achieve primary and secondary stability with good
bone ingrowth.!$1%31-33 With a straight femoral stem
design it is difficult to optimally fit-and-fill the meta-
physis because of the variation of proximal femoral tor-
sion depending on the metaphyseal level (Figure 3).
Furthermore, this design may induce some peak stresses
at the edges of the prosthesis where all loads are trans-
mitted to the bone.** So-called “anatomic” designs have
been developed to allow better adaptation of the pros-
thesis to the intramedullary anatomy. These designs are
optimally adapted to cases respecting mean anatomy at
each level in the frontal and sagittal planes. As shown in
our study, proximal femoral torsion varies between
patients within a similar diagnostic group and varies
even more in groups of hip dysplasia and congenital dis-
location of the hip. Therefore, a straight stem design
may achieve optimal fit-and-fill in only 50% of patients,
taking into account the optimal anterior torsion of the
femoral neck of 15° *£ 5° to achieve a stable prosthe-
sis.3>36 Without correction of the orientation of the pros-
thetic neck, a so-called anatomic stem will achieve an
anterior torsion between 10° and 20° in only 50% of the
cases in the groups of primary osteoarthritis, aseptic
osteonecrosis, rheumatoid arthritis and epiphysiolysis
capitis femoris. In the other 50%, if the femoral stem
rotates during the implantation to adapt itself to the
proximal femoral torsion, this can induce a malrotation
of the leg leading to gait problems if the foot is turned
inside or outside, or more importantly, an instability of
the hip which can lead to dislocation (Figure 4). In cases



Figure 5. In patients with an increased proximal femoral
torsion (middle green line without arrow), if the goal is to
achieve optimal adaptation of the stem to the intramedullary
shape of the bone without compromising femoral neck anterior
torsion (lower purple arrowed line), a modular or custom stem
should be considered.

of dysplasia and congenital dislocation of the hip, the
number of patients achieving an optimal fitting with an
anterior torsion of the neck between 10° and 20° would
be decreased to 20% and 5% respectively, which corre-
lates with the findings of Sugano et al.*’

Several previous articles have described techniques for
correcting torsion of the femur in regards to femoral neck
anterior torsion,*®**' such as cementing of the femoral
stem, the cement acting as “fit-and-fill” between prosthe-
sis and bone. Other techniques including prosthesis under-
sizing or subtrochanteric femoral osteotomy were also
described with poor mid- to long-term results and high
morbidity.*>* Another alternative is a conical prosthesis,
influenced by neither proximal femoral torsion nor ante-
rior torsion of the neck. However, this does not allow an
optimal fit-and-fill of the metaphysis, even if medium term
results in dysplastic patients are satisfactory.** Therefore,
if a cementless hip prosthesis is to be used, we believe that
the better way to simultaneously obtain an optimal proxi-
mal fit-and-fill adapted to each proximal femoral torsion
and to achieve an ideal anterior torsion of 15° * 5° of the
femoral neck is to plan every single patient THA in 3
dimensions based on CT scans. A precise analysis of the
torsional anatomy of each individual femur allows the
determination of the single best femoral stem for each
case, both intramedullary and extramedullary.*>® It will
also indicate those cases where the torsion of the proximal
femoral metaphysis does not allow us to simultaneously
achieve both a perfect fit-and-fill and anterior torsion
(Figure 5). This is the case in dysplasia (80%) and con-
genital dislocation of the hip (95%), but also in approxi-
mately 50% of the patients with other diagnoses. A modular
stem could be an alternative, adapting the orientation of

the stem to the metaphyseal torsion, and correcting the
anterior torsion to its optimal angulation. However, this
adaptation is often limited to a few degrees and the modu-
larity may also introduce potential metal ion problems. In
cases where no optimal adaptation between proximal fem-
oral torsion and anterior torsion can be found, a custom
femoral stem may be an attractive alternative in order to
offer the patient a femoral stem with the most optimal cor-
rection and bony adaptation.*’~>°

The limitations of this study include the small number of
patients analysed and the absence of measurements on the
whole femur. However, the main portion affected by
the torsion of the femur at the time of THA is located on the
proximal metaphysis, which is covered in our study. We
believe this series represents a significant contribution to
anatomic knowledge of the proximal femoral metaphyseal
torsion in various aetiologies leading to THA.

The knowledge of proximal femoral torsion, its values
and variations, are of tremendous importance to the sur-
geon who believes in the principles of fit-and-fill.>'=33 As
proximal femoral torsion can only be assessed by CT scan,
we suggest that, ideally, each patient with a high life
expectancy or suspected dysplasia and who is scheduled
for a cementless THA, may benefit from 3-dimensionnal
computer assisted planning with the goal of a perfect
intramedullary adaptation and anatomic extramedullary
reconstruction. We also believe the results of the present
study could help in the design of cementless stems in THA
for various anatomies. This can be considered as one fur-
ther step in optimising the success rate of cementless total
hip arthroplasty.
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