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ABSTRACT

Background: The mechanical axis of the femur is defined as the line joining the centre of the femoral head to the
centre of the knee joint. One of the pre-requisites for a successful total knee replacement (TKR) is correct positioning
of the implants, so that the mechanical axis of the limb is restored to neutral. During TKR surgery, the distal femoral
anatomy can be visualized. However, to identify the mechanical axis of the femur, the location of the femoral head
must be known.

Methods: We prospectively measured distance of centre of femoral head relative to the midline of the pelvis in 500
adults, using x ray of pelvic with both hip anteroposterior view done for medical causes during 2-May-2015 to 1-Jan-
2017 with satisfied the following inclusion and exclusion criteria. Patient gender and age were known. Both hips were
clearly shown on the radiograph and not affected by any developmental or acquired condition that might deform
normal anatomy. Radiographs demonstrating unacceptable pelvic tilt or rotation were excluded. Also, we excluded
any cases where degenerative changes in the native hip were more severe than grade 1, based on the Tdnnis
classification.

Results: There were total 500 patients in which 250 were male and 250 were female. The mean age of male was
52.14 year (SD £80.80 mm, 95% CI 51.05 to 53.24 mm) and female was 52.11 years (SD +8.82 mm, 95% CI 51.01 to
53.24 mm).The mean distance of femoral head centre from midline in male was 95.02mm (SD +£2.20 mm, 95% ClI
94.75 to 95.30 mm) and in female was 91.54 mm (SD +2.64 mm, 95% CI 91.22 to 91.87 mm).

Conclusions: This study provide a useful information to determine the femoral head center relative to the midline of
pelvis which useful intraoperatively.
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INTRODUCTION

The mechanical axis of the femur is defined as the line
joining the centre of the femoral head to the centre of the
knee joint." One of the pre-requisites for a successful total
knee replacement (TKR) is correct positioning of the
implants, so that the mechanical axis of the limb is
restored to neutral.”® During TKR surgery, the distal
femoral anatomy can be visualized. However, to identify

the mechanical axis of the femur, the location of the
femoral head must be known. Femoro-tibial mal-
alignment in excess of 3° causes eccentric mechanical
loading through the implanted prostheses and is a
recognized contributor of early mechanical failure.** A
fixed valgus cut angle of either 5° or 6°, with respect to
the anatomical axis of the femoral shaft, is frequently
used in uncomplicated cases. This strategy uses the
anatomical axis as a surrogate for the mechanical axis
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and relies upon a predictable angle between the two axes.
However, this assumption has been shown to be
inaccurate in at least 30% of patients.® So that centre of
femoral head plays an important role in total knee
replacement surgery.

In the 1991 operation technique manual, for the use of
Protek's F/S Modular TKR System, it was noted that
“experience has shown that the average Caucasian hip is
centred 9 cm from the midline”.” This observation was
tested by Freeman and Pinskerova, who reported the
results of a study on 40 randomly selected computed
tomography (CT) scans from the United Kingdom and 50
randomly selected Magnetic Resonance (MR) scans from
the Czech Republic.®® They found that the mean distance
from the pelvic midline to the centre of the femoral head
was 8.9 cm in males and 8.8 cm in females.

Previous investigators have reported on the relation
between the centre of the femoral head and the anatomy
of the proximal femur.'®** Although these investigators
have demonstrated that landmarks of the proximal femur
may be used to predict the position of the centre of the
femoral head, such predictors are of little intra-operative
value for TKR, as the bony anatomy of the proximal
femur cannot be discerned by clinical palpation.*
Furthermore, variation in proximal femoral anatomy
precludes the wuse of readily identifiable surface
landmarks to predict the location of the centre of the
femoral head.'®*? Other clinical methods used to identify
the centre of the femoral head have included the
topographical relationship of the latter with the ipsilateral
femoral pulse or the anterior superior iliac spine (ASIS)
and the use of ultrasound.”®*® With the use of CT scans,
Mullaji et al recently reported that the centre of the
femoral headlies at a mean of 7.9 cm and 8.1 cm, for men
and women, respectively, from the midline of the
pelvis.*®

METHODS

We prospectively measured distance of centre of femoral
head relative to the midline of the pelvis in 500 adults,
using X ray of pelvic with both hip anteroposterior view
done for medical causes during 2nd May 2015 to 1%
January 2017.

Inclusion criteria were patients with known gender and
age and whose both hips were clearly shown on the
radiograph and not affected by any developmental or
acquired condition that might deform normal anatomy.

Exclusion criteria were radiographs demonstrating
unacceptable pelvic tilt or rotation and any cases where
degenerative changes in the native hip were more severe
than grade 1, based on the Tonnisclassification.'"*®

The radiographs had been obtained and stored digitally
using picture archiving and communications system
(PACS). Each image was analyzed independently by two

investigators. The midline of the pelvis was identified as
the longitudinal midline of the pubic symphysis. The
perpendicular distance from the centre of the femoral
head to the midline of the pelvis was measured (Figure
1). This is referred to as the femoral head centre to
midline (FHC-M) distance.

Figure 1: Method used to measure distance
of FHC-M.

Statistical analyses were performed using Graph Pad
Software, In. The relationship between variables was
investigated using Pearson product-moment correlation
coefficient (r). The independent-samples t-test was used
to compare the FHC-M distance between the two
genders. The paired-samples t-test and a Bland—Altman
plot were used to assess the intra-observer reliability.***°
Statistical significance was set at p <0.05. Results are
reported as mean = standard deviation, with 95%
confidence interval (CI).

RESULTS

There were total 500 patients in which 250 were male and
250 were female.

Table 1: Age of patients.

I No of patients  Mean age in years

' - 52.14 (SD +8.80)

Male 250
Female 250 52.11 (SD +8.82)

Table 2: Distance of femoral head centre from midline

of pelvis.
| Gender ~Mean FHC-M distance in mm |
Male 95.02 (SD #2.20)
Female 91.54 (SD +2.64)
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The mean distance of femoral head centre from midline
in male was 95.02 mm (SD£2.20 mm, 95%CI 94.75 to
95.30 mm) and in female was 91.54 mm (SD£2.64 mm,
95% CI 91.22 to 91.87 mm) (Table 2).

The difference between mean distance of femoral head
centre from midline of male and female was 3.48 mm
(t=16.03, df=498, 95% CI 3.06 to 3.90 mm).The mean
FHC-M distance was greater in men by 3.48 mm
(95.02+2.20 mm, 95% CI 94.75 to 95.30 mm) than in
women (91.54+2.64 mm, 95% CI, 91.22 mm- 91.87
mm).

The mean FHC-M distance was measured by observer 1
as 93.21 mm (SD+2.97 mm 95% ClI, 92.84 —93.56 mm)
and by observer 2 as 93.36 mm (SD%3.00 mm 95% ClI,
92.98-93.73 mm). The mean difference between the two
observers was 0.14 mm (t=0.55, 95% CI, -0.6729 to
0.3776 mm).

DISCUSSION

This is the study to demonstrate that the position of the
centre of the femoral head relative to the midline of the
pelvis. As expected, it varies with patients' gender. The
mean difference between the genders is 3.48 mm
(t=16.03, df=498, 95% CI 3.06 to 3.90 mm). Although
there was a statistical difference (paired-samples t-test)
between the measurements of the two observers, the
mean difference was only 0.14 mm (t=0.55, 95% ClI,-
0.6729 to 0.3776 mm). We consider this to have little, if
any, clinical significance. The difference is attributed to
observer variation in the identification of the longitudinal
line dividing the symphysis pubis and the identification
of the centre of the femoral head.

In the study by Clark et al on the relationship of neck
orientation to the shape of the proximal femur, the mean
distance between the centre of the femoral head and the
pubic symphysis was measured as 106.3 mm. A
possible explanation to this discrepancy is that Clark et
al. undertook manual measurements, using traditional X-
ray films and the results may have been influenced by
their calibration method. This hypothesis is supported by
the findings of Pouget who reported on the offset and
neck-shaft angle in THR in 2005.! Pouget measured the
offset of the centre of rotation, defined as the distance
between the centre of the femoral head and the pubic
symphysis, in radiographs of 150 patients. He found a
mean distance between the centre of the femoral head and
the symphysis pubis of 90.5 mm. This closely matches
our results.”

Previous investigators have attempted to localize the
centre of the femoral head using body landmarks, such as
the ASIS or the femoral pulse at the inguinal crease, and
with use of ultrasound.®***> A predictor model,
constructed by Sugano, Noble and Kamaric, useful in
locating the centre of the femoral head on a radiograph,
would be of little practical use during TKR surgery.** On

the other hand, when performing a TKR, the pubic
symphysis lends itself to easy palpation by the surgeon.

Recently, the distance between the pubic symphysis and
the centre of the femoral head was measured with use of
CT scans in 200 Indian adults.”® Although the mean
reported difference between genders (2.8 mm) is similar
to our findings, the mean FHC-M distance in that study
was found to be 80+4 mm. Both studies were undertaken
on Caucasians so the discrepancy may be explained by
difference in skeletal development during the growth
years. Further comparative studies on individuals of
different ethnic, social and cultural origins would throw
further light on differences in skeletal development.

While our results suggest that using the gender-specific
mean FHC-M distances (91.02 mm for females and 95.02
mm for males) results in a highly accurate estimation of
the location of the centre of the femoral head in most
patients, we do acknowledge some potential practical
difficulties associated with the use of this method. The
intra-operative localization of the pubic symphysis can be
difficult in some patients (e.g. in morbid obesity).
Furthermore, the super inferior location of the femoral
head can be variable and does not necessarily coincide
with the level of pubic symphysis. The method proposed
in the present study should, therefore, be considered an
adjunct to other reported techniques intended for
intraoperative use.™

Our findings validate the senior author's assertion, first
reported in his op-tech of 1991, that a point 9 cm lateral
to the centre of the symphysis pubis could be used to
predict the position of the centre of the femoral head in
TKR surgery.” While the clinical value of this knowledge
may be lessened by the advent of computer-assisted
navigation and CT/ MR-generated custom cutting blocks,
surgeons who continue to use conventional
instrumentation should find the information helpful.

CONCLUSION

This study provide a useful information to determine
the femoral head centre relative to the midline of pelvis
which useful intraoperatively.
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