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A Novel Approach to Lower-limb
Axial Alignment Analysis: A CT
Study

Abstract

Purpose: To analyze the torsion of the lower extremities in a

healthy cohort and to determine the contribution of different

segments of the femur and tibia to the torsion of both bones.
Methods: In this cross-sectional study, 32 patients with nonjoint

or bone-related symptoms were analyzed by CT angiography.

Lower-limb torsion, femoral torsion, proximal femoral torsion,

femoral shaft torsion, distal femoral torsion, tibial torsion, proximal

tibial torsion, and distal tibial torsion were measured.
Results: The median total limb torsion was 25� external torsion,
with the median femoral torsion being 29� and the median tibial

torsion 30�. Both femoral metaphyses had internal torsion, with

the internal torsion of the proximal metaphysis being

approximately three times greater than that of the distal femoral

metaphysis. The shaft was found to compensate with an external

torsion of approximately two-thirds of the internal torsion of both

femoral metaphyses. The proximal metaphysis of the tibia

accounted for approximately one-third of the external torsion,

with the segment from the distal to the tibial tubercle accounting

for the remaining two-thirds of the tibial torsion.
Conclusions: The diaphysis and distal metaphysis are the major

contributors to external torsion of the tibia, whereas the proximal

metaphysis is the major contributor to the internal torsion of the

femur.

Several pathologic conditions of
the hips and knees can be affected

byaxial alignmentof the lower limbs.1

For example, failure in some patients
undergoing revision hip arthroscopy
has been associated with excessive
internal or external torsion of the
femur,2 and patellofemoral instability
has been associated with torsional
problems of the femur and/or tibia.3

Excessive internal torsion of the
femur may lead to trochlear dyspla-

sia, as illustrated in a proposed model
for hip dysplasia.4

For the purposes of nomenclature,
torsion is the optimal term used to
describe axial alignment because
torsion refers to the twisting of an
object on itself. Rotation is regarded
as the optimal term to describe
movements of two objects with
respect to each other, as during an
osteotomy. The use of other terms is
not encouraged.5
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It is unclear in which segment of
the femur and tibia should prefera-
bly undergo derotational osteotomy
(DO), althoughstudies have suggested
that the site of DO should depend on
the affected joint. For example, pa-
tients with hip pain due to excessive
internal torsion should undergo DO
on theproximal femur.6 Other studies
have suggested that the segment
chosen for osteotomy should depend
on coronal alignment; for example,
if a femur is in valgus and has
excessive internal torsion, the oste-
otomy should be done on the distal
femur.7 Alternatively, the choice of
segment may be dependent on surgi-
cal results; for example, the higher
rate of complications after DO on the
proximal than on the distal tibia has
suggested that DO should be done on
the distal tibia.8 However, consid-
erations of coronal alignment have
suggested that tibial proximal DO
may yield better results in patients
who have also a varus knee.8

These considerations are important,
however, when analyzing defects in

the coronal plane. Analyses are based
on the segment involved, both by
measuring the center of angulation
(CORA) and by angles of the proxi-
mal and distal mechanical axes of the
femur and tibia.9 It is also essential to
analyze the axial alignment of the
affected segment of the tibia or femur.
The affected segment is obvious in
axial malalignment after a fracture in
both bones, but this does not apply to
other pathologic conditions, such as
patellar instability.
The purposes of this study were to

analyze the torsion of the lower
extremities in a healthy cohort and to
determine the contribution of differ-
ent segments of the femur and tibia to
the torsion of both bones.

Methods

This cross-sectional study involved
patients who underwent CT angiog-
raphy (CTA) of the lower limbs at our
institution between 2014 and 2016.
The study protocol was approved by
the institutional ethics reviewboard at

our institution. Participants provided
written, informed consent before
inclusion. CTA results were reviewed,
and patients who showed any signs of
arthrosis in the hips, knees, or ankles,
or had surgical stigmas after previous
surgeries (eg, osteosynthesis material
such as plates)were excluded. Patients
who met the inclusion and exclusion
criteria were contacted by telephone;
those contacted successfully were
asked the following questions: (1)
Have you ever had surgery on your
hips, knees, or ankles?, (2) Have you
ever consulted an orthopaedic sur-
geon for hip, knee, or ankle pain?, (3)
Have you had hip, knee, or ankle pain
in the last 2 years?, and (4) Do you
have trouble climbing up or down
stairs because of a leg impairment?
Patients who answered “no” to all
four questions were included.
CTA images were obtained on pa-

tients in the supine position, with the
knee at full extension, using a Multi-
Slice CT scanner (Somaton Sensation
64; Siemens). The field of view was
from the celiac trunk to both feet. The
technical parameters were Kv 120,
200mAs; rotation time, 0.33 seconds;
64 · 0.6-mm detector collimation;
slice thickness, 2 mm; increment,
1 mm; pitch, 0.45; and a kernel
bilateral filter (B30 f). Images were
analyzed and measurements done
by a single experienced musculo-
skeletal radiologist using the OsiriX
v4.0 program. A negative value was
defined as internal torsion and a
positive value as external torsion.
All parameters weremeasured after

the superpositioning of two CT cuts.
Limb torsion (LT) was measured by
the superposition of a femoral CT
slice in the proximal femur and a
tibial CT slice at the malleolus. The
angle between the femoral neck axis
and a line joining the center of the
medial and the lateral malleolus was
measured to determine LT (Figure 1).
Femoral torsion (FT) was measured

by the superposition of a CT slice in
the proximal femur and a CT slice in

Figure 1

Lower-limb torsion. Superposition of
two CT slices. The femoral slice is in
the proximal femur, and the tibial
slice is in the malleolus. Limb torsion
is measured as the angle between a
line in the femoral neck axis and a
line joining the center of the medial
and the lateral malleolus.

Figure 2

Femoral torsion. Superposition of
two CT slices. The first slice is in the
proximal femur, and the second slice
is in the distal femur. Femoral torsion
is measured as the angle between a
line in the femoral neck axis and a
line joining the posterior borders of
both condyles.
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the distal femur. The angle between
the femoral neck axis and a line join-
ing the posterior border of both con-
dyles was measured to determine FT
(Figure 2).
Proximal femoral torsion was mea-

sured by the superposition of a CT
slice at the tip of the greater trochanter
andaCTslice in the center of the lesser
trochanter. The angle between the
femoral neck axis and a line joining
the center of the lesser trochanter was
measured to determine proximal
femoral torsion (Figure 3).
Distal femoral torsion was mea-

sured by the superposition of a CT
slice at the level of the diaphysis-
metaphyseal distal junction and a CT
slice in the distal femur. The femoral
diaphyseal-distal metaphysis junction
was determined by measuring the
width of the femoral side in a coronal
viewof theknee joint line; this distance
was projected proximally, with the
slice at which the line ends selected as
the union between the diaphysis and
the distal metaphysis. The angle
between a line in the posterior cortex

at the level of the diaphysis-
metaphyseal distal junction and a line
that joins the posterior border of both
condyles was measured to determine
distal femoral torsion (Figure 4).
Femoral shaft torsionwasmeasured

by the superposition of a CT slice at
the level of the center of the lesser
trochanter andaCTslice at the level of
the diaphysis-metaphyseal distal
junction. The angle between a line in
the center of the lesser trochanter and
line in the posterior cortex at the level
of the diaphysis-metaphyseal distal
junction was measured to determine
femoral shaft torsion.
Tibial torsion (TT)wasmeasuredby

the superposition of a CT slice in the
proximal tibia and a CT slice in the
distal tibia. The angle between a line
joining the posterior border of the
tibial plateau at the level of the tibial
insertion of the posterior cruciate lig-
ament (PCL) and a line joining the
center of the medial and the lateral
malleolus was measured to determine
TT (Figure 5).
Proximal tibial torsion was mea-

suredby the superpositionof aCTslice
in the proximal tibia and a CT slice at

the level of the tibial tubercle. The
angle between a line joining the pos-
terior border of the tibial plateauat the
level of the tibial insertion of the PCL
and a line joining the posterior border
of the tibia at the level of the tibial
tubercle was measured to determine
proximal tibial torsion (Figure 6).
Distal tibial torsion was measured

by the superposition of a CT slice at
the level of the tibial tubercle and aCT
slice at the malleolus. The angle
between a line joining the posterior
border of the tibia at the level of the
tibial tubercle and a line joining the
center of the medial and lateral mal-
leolus was measured to determine
distal tibial torsion (Figure 7).
Knee torsion was measured by the

superposition of a CT slice in the distal
metaphysis andaCTslice at the level of
insertion of the PCL in the tibia. The
angle between a line joining both pos-
terior femoral condyles and a line
joining the posterior cortexof the tibial

Figure 3

Proximal femoral torsion.
Superposition of two CT slices. The
first slice is the proximal femur in the
tip of the greater trochanter, and the
second slice is in the center of the
lesser trochanter. Proximal femoral
torsion is measured as the angle
between a line in the femoral neck
axis and a line joining the center of
the lesser trochanter.

Figure 4

Distal femoral torsion. Superposition
of two CT slices. Distal femoral
torsion angle is measured as the
angle between a line in the posterior
cortex at the level of the diaphysis-
metaphyseal distal junction and a
line joining the posterior borders of
both condyles.

Figure 5

Tibial torsion. Superposition of two CT
slices. The first slice is in the proximal
tibia, and the second slice is in the
distal tibia. Tibial torsion is measured
as the angle between a line joining the
posterior borders of the tibial plateaus
at the level of the tibial insertion of the
posterior cruciate ligament and a line
joining the center of the medial and
the lateral malleolus.
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plateaus at the level of the PCL inser-
tion was measured to determine DT.
For statistical analysis, results

were reported as the median and in-
terquartile range. All variables were
analyzed by the Shapiro-Wilk test to
determine whether they were dis-
tributed normally, with normality
defined as a probability .0.15. All
statistical analyses were done using
STATA v.11.1 software.

Results

A review of medical records at our
institution identified 214 patients who
underwent CTA.Of these, 169met the
inclusion and exclusion criteria. At-
tempts were made to contact these pa-
tients by telephone, with 103 patients
contacted successfully. Thirty-two pa-
tients were included in the study; a
study flowchart is shown in Figure 8.
The median age of these 32 patients
was 55 years (interquartile range, 48
to 66 years), and 18 (56%) were men.
The median total LT was 25�

external torsion, with the median FT

being 29� and the median tibial
torsion 30� (Table 1).
Both femoral metaphyses had

internal torsion, with the internal
torsion of the proximal metaphysis
being approximately three times
greater than the internal torsion of
the distal femoral metaphysis. The
shaft was found to compensate with
an external torsion of approximately
two-thirds of the internal torsion of
both femoral metaphyses. The
proximal metaphysis of the tibia ac-
counted for approximately one-
third of the external torsion, with
the segment from the distal to tibial
tubercle accounting for the remain-
ing two-thirds of the tibial torsion.
The distributions of limb, femoral,
and tibial torsion are shown in Fig-
ures 9–11, respectively.

Discussion

Lower-limb alignment in the frontal
plane is well documented, and oste-
otomy planning has been validated.

Initially, the mechanical axis is drawn
in the coronal plane. If valgus or varus
alignment is diagnosed, both the distal
and proximal angles of the femur and
tibia are measured to determine the
specific segment to do the osteotomy.
Also, if the deformities are distant from
the knee, CORA is measured.10,11 The
same principles are used in the sagittal
plane, with special attention paid to
the tibial slope, as osteotomy is also
done to correct these defects.12

For axial alignment, the analysis
has not yet been standardized. Nor-
mal values for the femur depend on
the anatomical landmarks used to
measure torsion, with differences
of up to 10� reported.13 The ana-
tomical landmarks used to measure
torsion should be chosen by con-
sensus of the orthopaedic surgeon
and the radiologist.5

The relationship between patho-
logic findings and axial malalignment
must also be determined. For exam-
ple, femoroacetabular impingement
may be associatedwith excess internal
torsion of the femoral neck, but the
threshold for doing an osteotomy
rather than a hip arthroscopy has
not been documented. This problem is
also applicable to patellofemoral
pathologies, with the medial patel-
lofemoral ligament, the distance
between the tibial tubercle and

Figure 6

Proximal tibial torsion. Superposition
of two CT slices. The first slice is in the
proximal tibia, and the second slice is
at the level of the tibial tubercle.
Proximal tibial torsion is measured as
the angle between a line joining the
posterior border of the tibial plateaus
at the level of the tibial insertion of the
posterior cruciate ligament and a line
joining the posterior border of the tibia
at the level of the tibial tubercle.

Figure 7

Distal tibial torsion. Superposition of
two CT slices. The first slice is at the
level of the tibial tubercle, and the
second slice is at the malleolus.
Distal tibial torsion is measured as
the angle between a line joining the
posterior border of the tibia at the
level of the tibial tubercle and a line
joining the center of the medial and
the lateral malleolus.

Figure 8

Patient flowchart.
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trochlear groove, and trochlear dys-
plasia regarded as more relevant than
axial alignment.
The determination of the site of

osteotomy in patients with torsion
malalignment is not as in patients
with coronal malalignment. It may
not be possible to determine CORA
for axial alignment because differ-
ences among segments of the femur
and tibia are likely to be minimal,
except in patients with malunion
after a fracture.
The main contribution of this study

was to describe torsion in different
segments of the tibia and femur.
Measurements of torsion in individual
segments may be a tool to determine
the segment atwhich osteotomy canbe
best done. Analysis of individual seg-
ments is required if any alterations in
the lower-limb, femoral, and tibial
torsion are observed. The femur can be
divided into three segments because
three different sites in the femur are
proposed for DO: proximal femur
metaphysis,14 diaphysis (subtro-
chanteric and distal diaphysis),1 and
distal metaphysic.15 The tibia can be
divided into two segments because
two different sites for DO in the tibia
are proposed: proximal metaphysis
and distal metaphysic.8

This study had several limitations.
First, all measurements were done
by a single radiologist; therefore,
interobserver bias was not deter-
mined. However, this radiologist
specializes in musculoskeletal radi-
ology and does all lower-limb CT
scan for torsional analysis in our
institution. Also, previous studies
reported excellent inter-rater reli-
ability, suggesting that bias
was minimal. These parameters are
routinelymeasured in patients at our
institution with suspected torsional

malalignment and in patients with
patellar instability.
Although the sample size was

underpowered to estimate normal
values for the general cohort, it can
be used as a guide to determine the
segment forDOof the femur or tibia.
Comparing the axial alignment of
any patient to the results of this study
will allow to identify the specific
segment of the bone that is contrib-
uting themost to themal torsion. For
example, if the internal femur tor-
sion is increased, but the proximal

Table 1

Parameters Measured in the 32 Patients Included in This Study

Measurement Right Left Total

LT 25� (20� to 30�) 25� (17� to 29�) 25� (19� to 30�)
FT 29� (25� to 214�) 210� (25�to 214�) 29� (25� to 214�)
pTT 224� (218� to 232�) 223� (218� to 230�) 224� (218� to 232�)
Shaft femoral torsion 21� (18� to 30�) 23� (18� to 26�) 21� (18� to 28�)
dFT 28 (26� to 211�) 28� (25� to 211�) 28 (26� to 211�)
TT 30� (25� to 34�) 30� (23� to 33�) 30� (24� to 34�)
pTT 9� (6� to 13�) 8� (4� to 10�) 9� (5� to 12�)
dTT 19� (12� to 27�) 21� (12� to 26�) 20� (12� to 26�)
KT 5� (2� to 7�) 5� (2� to 11�) 5� (2� to 8�)

dFT = distal femoral torsion, dTT = distal tibial torsion, FT = femoral torsion, LT = limb torsion, pFT = proximal femoral torsion, TT = tibial torsion
All results are reported as median (interquartile range).

Figure 9

Distribution of limb torsion, femoral torsion, tibial torsion, and articular torsion.
Only femoral torsion contributed to internal torsion. The global alignment was in
external torsion.
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segment is increased only 10%, and
the external torsion of the femoral
diaphysis is decreased 50%, then the
diaphysis probably should be ad-
dressed. This strategy has been pro-
posed for patients with patellar
instability and excessive internal FT
but has not yet been used for all pa-
tients with torsional-related prob-
lems in the femur and tibia.16

Validation of this approach to
axial malalignment requires deter-
mination of patient outcomes after
surgery.

Conclusions

The diaphysis and distal metaphysis
are the major contributors to external
torsion of the tibia, whereas the prox-

imal metaphysis is the major contrib-
utor to internal torsion of the femur.
Systematic analysis of axial alignment
may help determine the most appro-
priate segment of the bone to do aDO.
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