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Contralateral preoperative templating of lower limbs’ mechanical
angles is a reasonable option

Christophe Jacquet' - Pierre Laumonerie># . Sally LiArno® - Ahmad Faizan’ - Akash Sharma' - Louis Dagneaux'- -
Matthieu Ollivier'

Abstract

Purpose In cases where the femur or tibia exhibits abnormal mechanical angulation due to degenerative changes or fracture,
the contralateral leg is often used to complete preoperative templating. The aim of this study was to determine the degree
of asymmetry between knee joints in healthy individuals and to determine whether it is affected by differing demographic
parameters.

Methods A CT scan-based modelling and analysis system was used to examine the lower limb of 233 patients (102 males,
131 women; mean age 61.2+15.2 years, mean body mass index 24.9 +4.4 kg/mz) The hip—knee angle (HKA), lateral distal
femoral angle (LDFA), medial proximal tibial angle (MPTA), posterior proximal tibial angle (ppta) and posterior distal
femoral angle (PDFA) were then calculated for each patient. Results were then analysed to calculate femoral symmetry based
on absolute differences (AD) and percentage asymmetry (%AS) using a previously validated method.

Results Our results do not demonstrate any considerable asymmetry (percentage of asymmetry > 2%) for all the anatomical
parameters analysed: HKA (mean AD =1.5°; mean AS %=0.8, n.s), MPTA (AD=1.1°; AS %=1.3, n.s), PPTA (AD=1.4°;
AS %=1.0,n.s), LDFA (AD=1.2 mm; AS %=1.4, n.s) and PDFA (AD=0.9°; AS %=1.0, n.s). Gender and ethnicity were
not associated with significantly higher AD asymmetry. A significant correlation of AD asymmetry was observed between
BMI and HKA, BMI and MPTA, and between patients’ age and the MPTA.

Conclusion This data demonstrate that there is a non-statistically significant mechanical angle asymmetry between the two
lower limbs. In cases where contralateral templating is used, such asymmetry will induce minimal (if any) clinical differences.
Level of evidence IV.

Keywords Mechanical axis - Lower limb - Asymmetry - Contralateral templating

Introduction

Preoperative templating is often used prior to total knee
arthroplasty (TKA) and knee osteotomies [3, 11, 17, 18,
22, 24] to plan the required surgery and correction. In cases
where the femur or tibia exhibits abnormal mechanical angu-
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might be questioned for their use in surgical practice [6, 7,
23].

The principal aim of this study was to evaluate the degree
of asymmetry of the left and right knee joints with a par-
ticular emphasis placed on the mechanical parameters used
in surgical preoperative planning. A secondary aim was to
determine the effect of differing patient demographics on the
degree of asymmetry present.

It was hypothesized that there will be no significant dif-
ferences (as defined as <2%) in morphometric dimensions
between the right and left knees. Hence, the results of this
research protocol will support the concept of obtaining ref-
erence data from the contralateral uninjured knee in ortho-
paedic practice, regardless of patients’ demographic and
morphological specificity.

Materials and methods

A CT scan-based modelling and analysis system composed
of scans of over 15,000 bone segments was used for this
study (SOMA, Stryker, Mahwah, New Jersey [21]). Using
this system, the pelvis, bilateral femora, bilateral tibiae and
patellae of 233 normal patients (102 males and 131 females,
mean age 61.2+ 15.4 years, mean BMI 24.9 + 4.4 kg/m?)
representing a range of ethnicities (Caucasian, Asian and
African American) were examined (Table 1). CT scan selec-
tion was done after radiographic inspection to rule out bone
and joint anomalies, specimens with substantial arthritis,
bone deformities or evidence of previous surgery. The
demographic parameters evaluated in our analysis included
age, gender, height, weight, body mass index (BMI) and
ethnicity.

The non-weight-bearing hip—knee—ankle angle (nwHKA),
lateral distal femoral angle (LDFA), medial proximal tibial
angle (MPTA), posterior distal femoral angle (PDFA) and

the global posterior plateau tibial angle (PPTA) were then
calculated for each patient and each knee. All measurements
were constructed using algorithm-calculated constructions
on the corresponding bone which were then mapped to each
chosen bone from the database. This resulted in reproducible
and consistent constructs for each specimen [12]. Previous
accuracy and reproducibility analysis estimated that this sys-
tem allows automated measurement of upper femur anatomy
with a margin of error <2 mm and < 1° [4].

The nwHKA axes were defined from the knee centre to
the femoral head centre and ankle centre, respectively. The
mechanical axes were then projected onto the coronal plane
and the angle between both axes determined. The distal
femoral axis was then created from the most distal points
on the medial femoral condyle and lateral femoral condyle.
The lateral angle between the distal femoral axis and the
mechanical axis in the coronal plane was then determined
as the LDFA. The proximal tibial plane was then created
by fitting over 35 points on the medial and lateral tibial
compartments. The intersection of the proximal tibial plane
and the coronal plane defined the frontal tibial axis. The
medial angle between the coronal tibial axis and the tibial
mechanical axis in the coronal plane was then determined
as the MPTA. The intersection of the proximal tibial plane
and the sagittal plane defined the sagittal tibial axis. The
posterior angle between the sagittal tibial axis and the tibial
mechanical axis in the sagittal plane was determined as the
PPTA. Lastly, the axis connecting the anterior and posterior
points, where the femoral condyles meet the metaphysis,
was defined as the sagittal femoral axis. The posterior angle
between the sagittal femoral axis and the femoral mechanical
axis in the sagittal plane was defined as the PDFA (Fig. 1).

Side-to-side absolute differences (AD) were obtained
by subtracting the result of the smaller value (left or right)
from the result of the larger. Percent absolute asymmetry
was determined using the following documented method:

Table 1 Demographic and anatomic parameters evaluated in our global series (left and right anatomic measurements are pooled together)

Demographic parameters Mean +SD Range (min—-max)
Age (year) 61.2+15.2 20-92

Height (kg) 166.4+8.7 141-194

Weight (cm) 69.5+14.9 44-128

BMI (kg m™2) 249+4.4 16.5-51.4
Anatomic parameters Mean + SD Range (min—-max)
nwHKA (°) 180+2.5 169.9-187.1
LDFA (°) 85.7+2.1 79.7-90.9

MPTA (°) 85.8+2.1 77.7-91.4

PDFA (°) 87.1+19 81.8-93.1

PPTA (°) 84.2+2.6 —-27t0 142

BMI body mass index, nwHKA non-weight-bearing hip—knee—ankle angle, LDFA lateral distal femoral angle, MPTA medial proximal tibial
angle, PDFA posterior distal femoral angle, PPTA posterior plateau tibial angle
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Fig. 1 Illustrations of our anatomical measurements. a nwHKA non-weight-bearing hip—knee—ankle angle; b MPTA medial proximal tibial
angle; ¢ LDFA lateral distal femoral angle; d PPTA posterior plateau tibial angle; e PDFA posterior distal femoral angle



Percent asymmetry = (maximum*minimum)/(average of
maximum and minimum) [21]. This variable was used to
define the magnitude of asymmetry, and we defined as “sub-
stantial asymmetry” side-to-side difference >2% [12].

To perform this study, an anonymized database was
explored following a local ethic committee approval of the
research protocol.

Statistical analysis

Means and standard deviations were determined for each of
the measurements made for the population as a whole and
for various subpopulations, based on gender and ethnicity.
Normal (Gaussian) distributions of the absolute differences
and percent asymmetry between pairs of femora were deter-
mined. Univariate analysis was performed using 7 tests. Pear-
son’s coefficients were calculated to examine the correlations
among absolute differences, specimen demographic data and
femoral measurements. Multiple linear regression models
were developed to establish the determinants for each of the
variables that defined a difference between the left and right.
For each model, variables with a p value less than 0.1 were
kept in the final model. Sample size was calculated based on
the estimated MPTA measurement (MPTA =87 +3° [25])
for a required level of statistical significance of @ =0.05,
and a power of 1 —f=0.9; 48 lower limb pairs would be
required in each group or subgroups to detect>2% asym-
metry between knees. A trained statistician (MO) performed
statistical analysis using SPSS software (Version 22; SPSS
Inc, Chicago, IL, USA). All calculations were based on two-
tailed tests.

Results

Based on anatomical analysis of the 233 lower limb pairs, we
found a mean nwHKA 180+2.5°, mean LDFA 85.7+2.1°,
mean MPTA 85.8+2.1°, mean PDFA 87.1 +1.9° and mean
PPTA 84.2 +2.6°. No significant difference (all p>0.05)
was found between the left and right knee anatomy if sym-
metry was estimated upon mean differences (Table 2) and a
high degree of correlation (all R*>0.7) was found between
the left and right measurements for all parameters of inter-
est (Table 3).

These results did not find any substantial asymmetry
(percentage of asymmetry >2%) for all the anatomical
parameters analysed: PPTA (mean AD=1.4+1.1°; mean
As % =1+0.6; n.s), PDFA (AD=0.9+0.7°; As %=1.1+0.8;
n.s), LDFA (AD=1.2+0.9°; As %=1.4+1.1; n.s),
MPTA (AD=1.1+0.9; As %=1.3+1.1; n.s), nwHKA
(AD=1.5+£1.2; As %=0.8+0.7; n.s) (Table 4).

Gender and ethnicity were not associated with a signifi-
cantly higher AD asymmetry on univariate and multivariate

Table 2 Univariate analysis estimating difference of means left vs
right

Anatomical parameters Difference of 95% Confi- p value
means dence interval
(right vs left)
PPTA (°) 1.0 0.9-1.1 n.s
PDFA (°) 0.9 0.8-1.0 n.s
MPTA (°) 1.1 1.0-1.2 n.s
LDFA (°) 1.2 1.0-1.3 n.s
nwHKA (°) 1.5 1.3-1.6 n.s

nwHKA non-weight-bearing hip—knee—ankle angle, LDFA lateral dis-
tal femoral angle, MPTA medial proximal tibial angle, PDFA poste-
rior distal femoral angle, PPTA posterior plateau tibial angle, n.s not
significant

Table 3 Degree of correlation between the left and right measure-
ment for all parameters of interest

Variable by variable Degree of cor- 95% CI p value
relation

PPTAR vs PPTAL 0.80 [0.75-0.84] <0.01

PDFA R vs PDFA L 0.85 [0.81-0.88] <0.01

MPTA R vs MPTA L 0.80 [0.74-0.84] <0.01

LDFA R vs LDFA L 0.74 [0.67-0.79] <0.01

HKARvs HKAL 0.75 [0.68-0.80] <0.01

nwHKA non-weight-bearing hip—knee—ankle angle, LDFA lateral dis-
tal femoral angle, MPTA medial proximal tibial angle, PDFA poste-
rior distal femoral angle, PPTA posterior plateau tibial angle

analysis of all parameters (Table 5). We found a weak rela-
tionship between MPTA AD and age (p =0.003) (Table 5).
A significant correlation was also found between MPTA and
nwHKA AD and BMI (respectively, p=0.01 and p=0.02).
The same significant correlation was observed between
MPTA and nwHKA AD and weight (p=0.01, p=0.03
respectively), when height only correlated with MPTA AD
(p=0.04) (Table 5).

Discussion

The key finding of the current study is that there is no sub-
stantial asymmetry between the two lower limbs regarding
the anatomical parameters analysed. These results support
obtaining morphometric reference data from the contralat-
eral uninjured side in the evaluation of unilateral knee
pathologies.

Only few studies have evaluated side-to-side differences
of anatomic structures of the knee joint in an attempt to sup-
port the use of side-to-side comparisons. Eckstein et al. [7]
proposed that the articular surface area, the volume, as well
as the local thickness of cartilage in human knee joints were



Table 4 Calculation of side-to-side absolute difference (AD) and per-
centage of asymmetry =(maximum minimum)/(average of maximum
and minimum) (%As)

Anatomical parameters Mean+SD  Range (min-max) p value

Left PPTA (°) 83.9+2.9 76-95.5
AD 14+1.1 0.0-13.7 n.s
%As 1.0+0.6 0.0-1.17

Right PPTA (°) 83.6+29  75.3-92.7

Left PDFA (°) 874+19 82.4-92.7
AD 0.9+0.7 0-3.6 n.s
%As 1.0+0.8 042

Right PDFA (°) 87.2+2 81.8-91.9

Left LDFA (°) 85.9+2 80.1-92.5
AD 1.2+09 0.04.4 n.s
%As 14+1.1 0.0-5.4

Right LDFA (°) 855+1.9 80.3-92.5

Left MPTA (°) 859+22  77.5-984
AD 1.1+09 0.0-14.5 n.s
%As 1.3+1.1 0.0-17.3

Right MPTA (°) 859+22 777914

Left nwHKA (°) 179.9+2.6  169.9-190
AD 1.5+1.2 0.0-13.6 n.s
%As 0.8+0.7 0.0-7.7

Right nwHKA (°) 180.2+2.7 171.3-187.1

“Substantial asymmetry” was defined as side-to-side difference >2%
(bold)

nwHKA non-weight-bearing hip—knee—ankle angle, LDFA lateral dis-
tal femoral angle, MPTA medial proximal tibial angle, PDFA poste-
rior distal femoral angle, PPTA posterior plateau tibial angle, n.s not
significant

Table5 Results of our multivariate analysis regarding asymmetry
influencing factors; all p values calculated using multiple analysis of
variance testing (MANOVA)

Confounding PPTA PDFA LDFA MPTA nwHKA

factors for AD

Gender n.s n.s n.s n.s n.s

Age n.s n.s n.s p=0.003 ns
R*=0.19

BMI n.s n.s n.s p=0.01 p=0.02
R*=0.08 R’=0.09

Height n.s n.s n.s p=0.04 n.s
R?=0.11

Weight n.s n.s n.s p=0.01 p=0.03
R’=0.06 R’=0.05

Ethnicity n.s n.s n.s n.s n.s

R? correlation coefficient, AD absolute difference, BMI body mass
index, nwHKA non-weight-bearing hip—knee—ankle angle, LDFA lat-
eral distal femoral angle, MPTA medial proximal tibial angle, PDFA
posterior distal femoral angle, PPTA posterior plateau tibial angle, n.s
not significant

comparable between the right and left knees using magnetic
resonance imaging. Based on their results, the authors sup-
ported obtaining reference data from the noninvolved side to
estimate cartilage loss in unilateral osteoarthritis. In a recent
study, Dargel et al. [6] studied 20 pairs of human cadaver
knees. The coronal alignment, the morphometry of the artic-
ulating osseous structures of the femorotibial joint, the cruci-
ate ligaments and the menisci were measured using estab-
lished measurement methods and standard radiographs. This
study has shown that for the femoral dimensions, there was
a significant difference between the right and left knees in
the anatomical lateral distal femoral angle (LDFA), with left
knees (80.3 +2.2°) displaying more valgus alignment than
right knees (82.1+2.4°, p=0.022). Any other morphometric
data on the femoral dimensions showed no significant differ-
ences. In the tibial dimensions, there was a significant cor-
relation between the right and left knees in the width of the
tibial plateau (r=0.966, p\0.001) and the depth of the medial
(r=0.887, p<0.001) and lateral (r=0.821, p <0.001) tibial
condyles. But, their measurements were based only on plain
radiographic evaluation of a small sample for the coronal
limb alignment, and we feel that our study using CT scan
of 233 patients would be more relevant to clinical practice
[3, 17, 18]. In another cadaveric study, Schenk et al. [20]
demonstrated small side differences in torsion between the
left and right tibia, although these side differences in the
coronal and sagittal plane were negligible. The present study
confirms those conclusions and demonstrates no substantial
side-to-side differences with regard to the set CT scan ana-
tomical parameters used.

The hypothesis regarding the symmetry of lower limb’s
mechanical angles has important consequences in clinical
practice. The satisfactory results in the short and medium
term of kinematic alignment in prosthetic knee surgery have
led to the promotion of individual correction based on the
patient’s morphological characteristics [1, 9, 10, 13]. The
philosophy of implants’ positioning in kinematic alignment
surgery is aimed to restore the lower limb axis to its origi-
nal anatomy prior to bony and articular deformation [10]. It
requires complete 3D preoperative templating to obtain the
different values of the tibial, femoral and lower limb’s axis
[19]. Thus, the use of the contralateral side may be necessary
to restore this native alignment for peri-articular deformity
associated with important bony or articular abnormalities
such as malunion, wear or defects.

The same idea can be applied to lower limb axis correc-
tion during osteotomy surgery. Fiirnstahl et al. [8] proposed
the “intact” contralateral anatomy as a reconstruction land-
mark to estimate preoperative deformity correction in com-
plex osteotomies following tibial plateau fracture. In their
study, they demonstrated the accuracy of this technique by
using the contralateral tibia as a 3D reconstruction template.
In all of the three cases, they did not observe a significant



residual error of correction by comparing the preopera-
tive planning with the 3D model of the postoperative tibia.
Victor et al. [26] described the use of 3D planning for axis
correction of misaligned lower limbs with both varus and
valgus deformities. If the contralateral leg had a normal
morphology and alignment, it served as the template to be
matched by the operated limb after the osteotomy. The mean
deviation between the planned wedge angle and the executed
wedge angle was 0° (— 1 to 1, SD 0.72) in the coronal plane
and 0.3° (—0.9 to 3, SD 1.14) in the sagittal plan. They
proposed that the contralateral tibia seemed to be a reliable
reconstruction template for the 3D preoperative planning of
complex corrective osteotomies of the tibia.

Gender and the ethnicity were not associated with any
absolute differences on univariate and multivariate analy-
sis, confirming the use of contralateral templating as a
valid option in male, female, Caucasian, Asian and Afri-
can patients. With the number of knees available, we found
asymmetry of MPTA and the nwHKA to positively correlate
with BMI. We also found a significant correlation between
the asymmetry of the MPTA and age. Older patients had
more asymmetries regarding MPTA side-to-side measure-
ment. However, these correlation values were very low and
might only be statistically significant and not clinically rel-
evant due to our statistical power in the entire cohort.

This study has several limitations. First due to the retro-
spective nature of our database evaluation, we were unable
to evaluate information regarding patients’ behaviour such as
limb dominance and activity level, factors that could poten-
tially correlate with asymmetry [5, 15]. We only included
subjects without bony abnormalities and our population does
not represent the majority of patients requiring operative
knee treatment. The purpose of this study was to establish
the baseline side-to-side lower limb asymmetry of healthy
subjects, as intact bony and cartilage morphology is man-
datory for the proposed contralateral templating. On the
other hand, although patients with bony deformities or dis-
ease, previous surgery or surgical hardware were excluded,
patients with minor osteoarthritic, dysplastic or traumatic
changes may have been included in our cohort. Finally,
although the restoration of lower limb anatomy and func-
tion is one of the goals of TKA or osteotomy surgery, based
on the variation observed, we cannot conclude on potential
clinical consequence related to asymmetrical bias in TKA/
osteotomy templating.

Despite these limitations, this study used 3D modelling
and analytical technology to automate the data process and
achieve a highly accurate degree of morphometric analyses.
This is further supported by the results of the validation
step, where a deviation of generally less than 2 mm and
1° was shown when compared with the mean of manually
entered landmarks [4]. Another strength of this study is the
number of pairs analysed (233), which is higher than the

other studies analysing the side-to-side comparison of the
knee geometry (20 in Dargel et al. [6], 15 in Eckstein et al.
[7] and 51 in Schenk et al. [20]). Those numbers allowed
us to perform secondary analyses (effect of demographic
and morphometric parameters on asymmetry) with adequate
statistical power.

The data from this study confirm that contralateral tem-
plating is a valid option in cases where the femur or tibia
exhibits abnormal mechanical angulation due to degenera-
tive changes or fracture.

Conclusion

These data demonstrate that there is a non-statistically sig-
nificant mechanical angle asymmetry between the two lower
limbs. In cases where contralateral templating is used, such
asymmetry will induce minimal (if any) clinical differences.
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