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Aims

The impact of a diaphyseal femoral deformity on knee alignment varies according to its se-
verity and localization. The aims of this study were to determine a method of assessing the
impact of diaphyseal femoral deformities on knee alignment for the varus knee, and to eval-
uate the reliability and the reproducibility of this method in a large cohort of osteoarthritic
patients.

Methods

All patients who underwent a knee arthroplasty from 2019 to 2021 were included. Exclusion
criteria were genu valgus, flexion contracture (> 5°), previous femoral osteotomy or frac-
ture, total hip arthroplasty, and femoral rotational disorder. A total of 205 patients met the
inclusion criteria. The mean age was 62.2 years (SD 8.4). The mean BMI was 33.1 kg/m? (SD
5.5). The radiological measurements were performed twice by two independent reviewers,
and included hip knee ankle (HKA) angle, mechanical medial distal femoral angle (mMMDFA),
anatomical medial distal femoral angle (aMDFA), femoral neck shaft angle (NSA), femoral
bowing angle (FBow), the distance between the knee centre and the top of the FBow (DK),
and the angle representing the FBow impact on the knee (C’KS angle).

Results

The FBow impact on the mMDFA can be measured by the C’KS angle. The C’KS angle took
the localization (length DK) and the importance (FBow angle) of the FBow into considera-
tion. The mean FBow angle was 4.4° (SD 2.4; 0 to 12.5). The mean C’KS angle was 1.8° (SD
1.1; O to 5.8). Overall, 84 knees (41%) had a severe FBow (> 5°). The radiological measure-
ments showed very good to excellent intraobserver and interobserver agreements. The C’KS
increased significantly when the length DK decreased and the FBow angle increased (p <
0.001).

Conclusion
The impact of the diaphyseal femoral deformity on the mechanical femoral axis is measured
by the C’KS angle, a reliable and reproducible measurement.
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Introduction osteoarthritic populations.* A new classifica-

Personalized medicine has been brought to
the fore over the last few years. Knee surgery
also tends to be adjusted to each patient,
such as with the personalized alignment in
knee arthroplasty,'? or the double-level oste-
otomy in conservative knee surgery.? Several
recent classifications have been published
to describe limb alignment, and femoral
and tibial axis in non-osteoarthritic and

tion for the lower limb alignment based on
phenotypes was introduced® to identify the
localization of the deformity (tibial, femoral,
or both).%” Thanks to these analyses, several
authors have reported that the varus defor-
mity is mainly due to the femoral axis in
the osteoarthritic knee.®® Indeed, the tibial
coronal alignmentwas similar between osteo-
arthritic and non-osteoarthritic populations.®




January 2019 to January 2021
316 primary knee arthroplasties
(277 TKA, 39 UKA)

20 patients without full long leg x-ray —

296 knees with complete data

91 Exclusions
- 39 Genu valgus
- 41 Flexion contracture >5°

- 1 Total hip arthroplasty
- 3 Femoral rotational disorders

- 7 Femoral osteotomies or fractures

205 included knees

Fig. 1

Patient flowchart. TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty.

By contrast, there was a broader and more varus distri-
bution of the femoral coronal alignment in the osteoar-
thritic population compared to the non-osteoarthritic
population.®? Thienpont and Parvizi'® have also clarified
the type of deformity with a new classification for the
varus knee, describing intra-articular, metaphyseal, or
diaphyseal deformities.

These classifications are interesting, but their clinical
application might be limited. Indeed, to our knowledge,
no study has precisely assessed the impact of each defor-
mity (intra-articular, metaphyseal, or diaphyseal) on
lower limb alignment and therefore what should or not
be corrected, and where, during knee surgery. The impact
of each extra-articular (metaphyseal or diaphyseal) defor-
mity on the final alignment is not yet precisely under-
stood. In 1991, Wolff et al"" described that the impact of a
deformity on the knee alignment varies according to the

level and severity of the deformity. For example, a defor-
mity of 10° close to the knee will have a more significant
impact than the same amount of deformity far from the
knee.’? This seems even more crucial for patients with
severe femoral bowing in the coronal plane, which is the
most common constitutional diaphyseal femoral defor-
mity, mainly in Middle Eastern or Asian populations.’*
Therefore, this radiological study aimed to 1) deter-
mine a method assessing the impact of the diaphyseal
femoral deformity on lower limb alignment for the varus
knee (on full-leg radiograph), 2) to evaluate the reliability
and the reproducibility of this method in a large cohort of
patients, and 3) to determine the main anatomical factors
influencing the lower limb alignment and the mechan-
ical femoral axis. We hypothesized that the impact of the
diaphyseal femoral deformity (according to its localization
and severity) on the knee alignment could be determined




Table 1. Preoperative demographic and clinical data in the whole cohort, in the group with a mild femoral bowing (< 5°) and in the group with a severe

femoral bowing (> 5°).

Variable Whole cohort Cohort with FBow < 5° Cohort with FBow > 5° p-value
Knees, n 205 121 84

Mean age, yrs (SD; range) 62.2 (8.4; 41 to 87) 61.7 (8.7; 41 to 87) 62.8 (8.1; 47 to 84) 0.382*
Mean BMI, kg/m? (SD; range) 33.1 (5.5; 20.9 to 51.3) 32.4 (4.9; 20.9 to 45.3) 34.0 (6.3; 25.1 to 51.3) 0.051*
Side (right), n (%) 101 (49.3) 59 (48.8) 42 (50) 0.8617%
Sex (male), n (%) 74 (36.1) 43 (35.5) 26 (31) 0.494%
Ethnicity, n (%) 0.0311
Middle Eastern 164 (80) 97 (80.2) 67 (79.8)

Asian 20 (9.8) 7(5.8) 13 (15.5)

Caucasian 12 (5.9) 10(8.3) 2(2.4)

African 9(4.4) 7(5.8) 2(2.4)

Mean flexion, ° (SD; range) 119 (9.7; 90 to 135) 121 (7.8; 100 to 135) 115 (11; 90 to 130) < 0.001*
Mean flexion contracture, ° (SD; range) 2.6 (2.5;0to0 5) 2.3(2.5;0t05) 2.9(2.5;0t05) 0.132*
Osteoarthritis stage (Ahlback), n (%) 0.045t
2 1(0.4) 1(0.8) 0

3 63 (30.7) 44 (36.4) 19 (22.6)

4 141 (68.9) 76 (62.8) 65 (77.4)

*Independent-samples t-test.
FChi-squared test.
FBow, femoral bowing angle; SD, standard deviation.

Table II. Measurements performed during this study with the normal range described in the literature.

Measurements Description Normal range
HKA Angle between the hip centre, the knee centre, and the ankle centre. 177° to 183°
MPTA Angle between a line down the shaft of the tibia and a line across the top of the tibial condyles. 85° to 90°
mMDFA Medial angle formed between the mechanical axis line of the femur (HK) and the knee joint line of the femurin ~ 90° to 95°
the frontal plane.''®®
aMDFA Medial angle formed between the distal femoral shaft axis and the knee joint line of the femur in the frontal 97°to 101°
plane.?
JLCA Angle between the knee joint lines of the distal femur and proximal tibia.* 0°to 2°
HKS angle Angle between the mechanical axis line of the femur (between the hip centre and the knee centre) and the distal 5° to 8°
femoral shaft axis.?!
NSA Angle of intersection between the femoral neck axis and the proximal femoral shaft axis. 125° to 135°
FBow angle Angle between the line connecting the points bisecting the femur at 0 and 5 cm below the lowest portion of 0°to 5°
the lesser trochanter and the line connecting the points bisecting the femur at 5 cm and 10 cm above the lowest
portion of the lateral femoral condyle.”™ A FBow angle superior to 5° was considered as a severe deformity.?
C’KS angle Angle between the distal femoral shaft axis and the line joining C” and the knee centre K. -
HKC” angle Angle between the mechanical axis line of the femur (between the hip centre and the knee centre) and the line -
joining C” and the knee centre K.
Length DK Distance between the knee centre (K) and the top of the femoral bowing (Cora) (D). -
Length DC’ Distance between the top of the femoral bowing and the top of the NSA angle (C’). -
Length HC’ Length of the femoral neck. -

with a simple, reliable, and reproducible method for each
patient on standard full-length radiographs.

Methods

Patients. We retrospectively included all patients who un-
derwent a primary knee arthroplasty (total knee arthro-
plasty (TKA) or unicompartmental arthroplasty (UKA)) at
a single institution from January 2019 to January 2021.
The choice of this population was dictated by the need
to have an osteoarthritic population (needing knee sur-
gery) and to have all demographic, clinical, and radio-
logical data. Exclusion criteria were preoperative genu

valgus defined as hip knee ankle (HKA) angle superior
to 180°; preoperative flexion contracture superior to 5°
(which can introduce a bias in the measurement of the
femoral bowing);' previous femoral osteotomy or frac-
ture (with the risk of rotation disorder); previous total hip
arthroplasty in the operated side; or a known clinical or
radiological femoral rotational disorder. Among the 316
candidates for knee arthroplasties performed between
January 2019 and January 2021 (277 TKAs, 39 UKAs),
205 patients met the inclusion criteria (Figure 1). The
mean age was 62.2 years (standard deviation (SD) 8.4),
the mean BMI was 33.1 kg/m? (SD 5.5), 36.1% were male




Fig. 2

Femoral radiological measurements performed on the preoperative full long-leg radiograph for each patient. aMDFA, anatomical medial distal femoral angle;
C'KS angle (angle between the distal femoral shaft axis and the line joining C’” and the knee centre K); FBow, femoral bowing angle; HKC” angle (angle
between the mechanical axis line of the femur and the line joining C’ and the knee centre K); HKS, hip knee shaft angle; mMMDFA, mechanical medial distal

femoral angle; NSA, femoral neck shaft angle.

Table Ill. Calculated and measured values of the mechanical femoral axis and the impact of the femoral bowing on the femoral axis.

Mean difference (measured — calculated)

Variable Measured Calculated (SD; range) p-value*
Mean mMDFA, ° (SD) 91.4 (2.2) 91.4 (2.3) 0.04 (0.84; -2.4 t0 9.6) 0.497
Mean C’KS, ° (SD) 1.8(1.1) 1.8 (1.1) 0.03 (0.15; -0.6 to 0.5) 0.221

*Independent-samples t-test.
mMDFA, mechanical medial distal femoral angle; SD, standard deviation.

(n =74), and 49.3% were operated on the right knee (n
=101) (Table I).

Radiological assessment. The radiographs were per-
formed preoperatively as a part of the standard radio-
graph protocol prior to knee surgery in the same centre
according to the same protocol and included: anteropos-
terior view, lateral view, and full long-leg radiograph.
Briefly, full weightbearing long-leg standing radiographs
were performed barefoot with feet placed together and
the patella oriented forward to avoid rotational variation.'
The following radiological measurements were per-
formed only on the preoperative radiographs (Figures 2a
and 2b): HKA angle, medial proximal tibial angle (MPTA),

mechanical medial distal femoral angle (mMMDFA),"” an-
atomical medial distal femoral angle (aMDFA), joint line
convergence angle (JLCA),* hip knee shaft angle (HKS),
femoral neck shaft angle (NSA), femoral bowing (FBow)
angle, angle between the distal femoral shaft axis and the
line joining C” and the knee centre K (C’KS angle), HKC’
angle, the distance between the knee centre and the top
of the femoral bowing (DK), the distance between the
top of the femoral bowing and the top of the NSA angle
(DC’), and the lenght of the femoral neck (HC’), C’ being
the top of the femoral NSA. The definitions of the different
measurements are summarized in Table Il. The diaphyseal
deformity was defined by the femoral deformity localized




C i C'KS and C'KS

Calculated C'KS (°)
w
Y

Measured C'KS (°)

Fig. 3
Comparison of the measured and calculated values of the C'KS angle (angle
between the distal femoral shaft axis and the line joining C” and the knee
centre K).

between 5 cm below the lesser trochanter proximally and
10 cm above the transepicondylar axis distally.

All measurements were performed using PaxeraUltima
v. 5.0.4.3 (PaxeraHealth, USA). Measurement accuracy
was to one decimal place. A calibrated scale in millime-
tres allowed accurate and reliable measurements. The
radiological measurements were performed by two
independent reviewers (CB, JD) for all measurements to
assess the reliability of each measurement. Discrepancies
were settled by discussion between the reviewers or by
a new measurement with a third reviewer (SP). To deter-
mine intraobserver variability, 40 patients were measured
twice by the first observer (CB), separated by a six-week
interval.
Impact of the femoral bowing. The FBow impact on the
mechanical femoral axis (MMDFA) has been established
with analytic geometry and the Al-Kashi theorem. The
entire demonstration is described in the Supplementary
Material. The mMDFA (‘calculated mMDFA’) and the
FBow impact (‘calculated C'KS’) were calculated with this
method. The FBow impact on the knee alignment can be
measured by the C’KS angle (Figure 2c). The ‘measured’
C’KS angle took the localization (length DK) and the se-
verity (FBow angle) of the FBow into consideration.
Statistical analysis. Statistical analysis was performed us-
ing the XL STAT software v. 2021.2.1 (Addinsoft, France).
A p-value < 0.05 was considered statistically significant
for all analyses. Patient demographics were described
using means, SDs, and ranges for continuous variables,
and counts (percent) for categorical variables. The cohort
was separated into two groups with a mild femoral bow-
ing (< 5°) or with a severe femoral bowing (> 5°), as de-
scribed in the literature.?? The categorical outcomes of the
groups FBow angle < 5° and FBow angle > 5° were com-
pared using the chi-squared test. The normally distribut-
ed continuous variables of both groups were compared
using theindependent-samples t-test. The calculated and
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Fig. 4
Bland Altman graph for the measured C'KS angle (angle between the distal

femoral shaft axis and the line joining C” and the knee centre K) and the
calculated C’KS.

measured values of mMMDFA and C’KS were compared by
the Bland Altman method and a independent-samples
t-test.

The inter- and intraobserver reliabilities of the radio-
logical measurements were evaluated by an intraclass
correlation coefficient. Strength of agreement for the
kappa coefficient was interpreted as follows: < 0.20
= unacceptable, 0.20 to 0.39 = questionable, 0.40 to
0.59 = good, 0.60 to 0.79 = very good, and 0.80 to 1 =
excellent.?®

Correlations between HKA, then mMDFA, and anatom-
ical features (aMDFA, HKC’, C’KS, JLCA MPTA, FBow, DK,
HC’, NSA) were analyzed using the Pearson correlation
coefficient, as was the correlation between C’KS and the
other parameters of the femoral anatomy (NSA, HKC,
FBow, DK, HC’). Simple and multiple linear regression
analyses were conducted to evaluate the factors that can
influence HKA and mMDFA. HKA, then mMDFA were
used as dependent variables and MPTA, JLCA, aMDFA,
C’KS, HKC’” were used as independent variables.

Results

Impact of the femoral bowing on the varus deformity. The
calculated and the measured values of the C'KS angle
were comparable, with a strong correlation (95% confi-
dence interval (Cl) (-0.25 to 0.23)) (Table IlIl). According
to the accuracy of the measured values (0.1°), the C’KS
angle was a reliable measurement of the FBow impact on
the knee (Figures 3 and 4).

The mean FBow angle was 4.4° (SD 2.4; 0° to 12.5°) in
the whole cohort (Table I). A total of 84 knees (41%) had
a severe FBow angle. The mean C’KS angle was 1.8° (SD
1.1°%; 0° to 5.8°) in the whole cohort, 1.1° (SD 0.6°) in the
mild FBow group and 2.9° (SD 0.8°) in the severe FBow
group (p < 0.001, independent-samples t-test). The HKA




Table IV. Radiological measurements in the whole cohort, in the group with a mild femoral bowing (< 5°) and in the group with a severe femoral bowing

(> 5°).

Variable Whole cohort Cohort with FBow < 5° Cohort with FBow > 5° p-value*
Knees, n 205 121 84

Mean HKA, ° (SD; range) 169.9 (4.2; 153 to 179.7) 170.8 (4.3; 153 t0 179.7) 168.6 (3.7; 158.4 to 177.3) < 0.001
Mean JLCA, ° (SD; range) 5.9(2.7,0t0 17) 5.7(2.7;1t017) 6.3 (2.6; 0to 14) 0.149
Mean MPTA, ° (SD; range) 85.3(2.4; 78 t0 90) 85.4 (2.0; 79 to 89) 85.1 (2.8; 78 to 90) 0.314
Mean mMDFA, ° (SD; range) 91.4 (2.2; 84 to 96) 91.9 (2.1; 86 to 96) 90.7 (2.1; 84 to 96) < 0.001
Mean aMDFA, ° (SD; range) 98.5(2.1; 92 to 104) 98.4 (2.1; 93 to 104) 98.7 (2.2; 92 to 103) 0.226
Mean NSA, ° (SD; range) 128.9 (5.3; 116 to 141) 128.4 (5.3; 116 to 141) 129.6 (5.1; 118 to 140) 0.129
Mean HC’, mm (SD; range) 49.8 (5.6; 36.3 to 67.3) 50.3(5.3; 36.3t0 67.3) 49.2 (6.0; 37.1 to 63.9) 0.142
Mean femoral bowing, ° (SD; range) 4.4 (2.4,0to0 12.5) 2.8(1.3;0t0 4.8) 6.7 (1.8; 5t0 12.5) -

Mean DK, mm (SD; range) 244.8 (55.9; 90 to 436) 254.9 (66.2; 90 to 436) 231.3 (33.9; 166 to 332) 0.082
Mean C’D, mm (SD; range) 156.7 (51.0; 7 to 281) 145.4 (57.1; 7 to 281) 171.7 (36.9; 79 to 269) 0.035
Mean HKC’, ° (SD; range) 5.3(0.66; 3.7 to 7.0) 5.3(0.66; 3.9 to 7.0) 5.3 (0.66; 3.7 t0 6.5) 0.627
Mean C’KS, ° (SD; range) 1.8 (1.1, 0to 5.8) 1.1 (0.6; 0 to 2.5) 2.9 (0.84; 1.1 t0 5.8) < 0.001

*Independent-samples t-test.

aMDFA, anatomical medial distal femoral angle; C’'D, length between the intersection of the femoral neck and the femoral proximal metaphyseal axis (C")
and the top of the femoral bowing (D); C’KS, angle between C’, the knee centre (K) and the middle of the distal femoral shaft (S); DK, length between the
top of the femoral bowing (D) and the knee centre; FBow, femoral bowing; HKA, hip knee ankle angle; HKC’, angle between the hip centre (H), the knee
centre (K) and C’; JLCA, joint line convergence angle; mMDFA, mechanical medial distal femoral angle; MPTA, medial proximal tibial angle; NSA, neck shaft

angle; SD, standard deviation.

Table V. Inter- and intraobserver coefficient for the radiological
measurements.

Variable Interobserver ICC Intraobserver ICC Agreement
HKA angle 0.81 0.89 Excellent
mMDFA 0.83 0.91 Excellent
MPTA 0.86 0.92 Excellent
aMDFA 0.65 0.80 Excellent
HKS 0.72 0.71 Very good
FBow 0.79 0.80 Excellent
NSA 0.75 0.77 Very good
HKC’ 0.83 0.88 Excellent
C’KS 0.78 0.85 Excellent

Strength of agreement for the kappa coefficient was interpreted as follows:
< 0.20 = unacceptable, 0.20 to 0.39 = questionable, 0.40 to 0.59 = good,
0.60 to 0.79 = very good, and 0.80 to 1 = excellent.

aMDFA, anatomical medial distal femoral angle; FBow, femoral bowing;
HKA, hip knee ankle; HKS, hip knee shaft angle; ICC, intraclass correlation
coefficient; MMDFA, mechanical medial distal femoral angle; MPTA,
medial proximal tibial angle; NSA, neck shaft angle.

and the mMDFA were significantly lower in the severe
FBow group. Other radiological measurements were
similar in both groups (Table IV).

Reliability and reproducibility of the measurements. The
radiological measurements showed very good to ex-
cellent intraobserver and interobserver agreements
(Table V). The C’KS angle was a reproducible measure-
ment of the FBow impact on the mMDFA.

Anatomical factors impacting the knee alignment. The
mechanical femoral axis (MMDFA) can be described as
the result of three femoral deformities. The metaphyseal
deformity corresponds to the aMDFA. The diaphyseal de-
formity corresponds to the C’KS angle. The proximal de-
formity (femoral head and neck) corresponds to the HKC’

angle (Figure 5). The intra-articular deformity should be
considered separately and corresponds to the femoral
and tibial wear. It was quantified by the JLCA.

The C’KS angle (the FBow impact on the knee)
increased significantly when the length DK decreased
and the FBow angle increased (p < 0.001, Pearson
correlation coefficient) (Figure 6). The mMDFA were
correlated to C’KS angle and aMDFA (p < 0.001, Pearson
correlation coefficient) (Table VI). Table VIl and Figure 7
summarize the results of the linear regression analyses.
The main contributor to mMMDFA was aMDFA, then the
C’KS angle. The main contributor to HKA angle was JLCA.
Other contributors to HKA angle were MPTA, C’KS angle,
then aMDFA.

Discussion
The main finding of this study was the description of a
reliable measurement (C’KS angle) of the impact of the
diaphyseal femoral deformity on knee alignment, related
to the localization and the severity of the deformity. This
measurement could be used as an additional tool to
understand the femoral bone deformity when planning
for knee surgery (knee arthroplasty or osteotomy).
Several limitations should be outlined: first, the
femoral bowing was measured only on the radiographs,
without CT scan measurement. However, we have
excluded patients who were at risk of measurement
errors (flexion contracture, rotational disorders), and all
the full length radiographs were performed based on
the same protocol. Furthermore, in current practice, a
CT scan was not justified for primary knee arthroplasty
or osteotomy. Second, this study did not report clinical
outcomes after knee surgeries according to the anatomy
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Fig. 5

Radiological models of the modifications of the weightbearing line (Mikulicz line) according to the level of the femoral deformity. a) No deformity; b) 10° of
distal metaphyseal deformity; c) 10° of distal diaphyseal deformity; d) 10° of middle third diaphyseal deformity; e) 10° of proximal diaphyseal deformity; and

) 10° of proximal deformity.

Table VI. Correlation analysis on the anatomical features and lower limb alignment. Values are presented as Pearson correlation coefficient.

Variable C’KS p-value mMDFA p-value HKA p-value
mMDFA N/A N/A N/A N/A 0.37 < 0.001
aMDFA N/A N/A 0.76 <0.001 0.23 0.001
FBow 0.91 < 0.001 -0.31 < 0.001 -0.25 < 0.001
DK -0.31 <0.001 0.15 0.028 0.23 0.001
C’KS N/A N/A -0.36 < 0.001 -0.30 < 0.001
NSA 0.099 0.157 0.031 0.660 0.054 0.442
HC’ -0.093 0.194 -0.092 0.193 0.14 0.041
HKC’ -0.019 0.786 -0.134 0.056  -0.037 0.600
JLCA N/A N/A N/A N/A -0.73 < 0.001
MPTA N/A N/A N/A N/A 0.59 < 0.001

aMDFA, anatomical medial distal femoral angle; FBow, femoral bowing; HKA, hip knee ankle angle; JLCA, joint line convergence angle; mMDFA,
mechanical medial distal femoral angle; MPTA, medial proximal tibial angle; N/A, not applicable; NSA, neck shaft angle; SD, standard deviation.

restoration; rather, the assessment of FBow was radiolog-
ical in order to describe a new measurement and assess
its reliability. A clinical study would be necessary in the
future to assess this radiological tool in clinical practice
for knee arthroplasty or osteotomy. Third, this study
has been performed in a Middle Eastern population of
patients; the prevalence and severity of FBow cannot be
extrapolated to the worldwide population. Nevertheless,
the measurement and the understanding of the FBow

impact on the knee alignment can be used in the world-
wide population. This new measurement could be also
assessed in post-traumatic femoral diaphyseal deformity.

The FBow impact was frequently moderate (between
0° and 2.5° for 59% (121/205) of the patients in this
cohort). In this Middle East population with constitutional
deformity (no post-traumatic deformity), the mean FBow
angle is only 4°, and most cases of FBow were not close
to the joint. Nevertheless, the diaphyseal deformity can
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Fig. 6
Three full long-leg radiograph showing examples of femoral deformity. a) Right knee with a distal metaphyseal varus deformity and without diaphyseal
deformity. b) Right knee with a diaphyseal varus deformity (middle of the shaft) and a high FBow impact on the knee alignment (5.8°). c) Right knee with a
diaphyseal varus deformity (proximal part of the shaft). While the FBow angle was similar to the Figure 5b, the FBow impact on the knee was low because the
deformity was far away from the knee. aMDFA, anatomical medial distal femoral angle; FBow, femoral bowing angle; HKA, hip-knee-ankle angle; JLCA, joint
line convergence angle; mMMDFA, mechanical medial distal femoral angle; MPTA, medial proximal tibial angle.

Table VII. Evaluation of the radiological measurements that influence hip knee ankle angle and mechanical medial distal femoral angle by multiple linear

regression analyses. All p-values were < 0.001.

Dependent variable Independent variable R2 Unstandardized coefficients (SD) Standardized coefficients (SD)
HKA MPTA 0.92 0.92 (0.04) 0.51 (0.02)

JLCA -0.99 (0.03) -0.62 (0.02)

aMDFA 0.74 (0.04) 0.38 (0.02)

C’KS -0.95 (0.08) -0.25 (0.02)

HKC’ -0.90 (0.13) -0.14 (0.02)
mMDFA aMDFA 0.88 0.89 (0.03) 0.88 (0.025)

C’KS -0.94 (0.05) -0.48 (0.025)

HKC’ -0.97 (0.08) -0.29 (0.025)

aMDFA, anatomical medial distal femoral angle; HKA, hip knee ankle angle; JLCA, joint line convergence angle; mMMDFA, mechanical medial distal femoral

angle; MPTA, medial proximal tibial angle; SD, standard deviation.

sometimes have a strong impact on knee alignment. The
C’KS reached 6° for the most severe FBow in this study. In
this case, the impact of the diaphyseal deformity on the
knee must be known in order to adjust the surgical plan-
ning. Severe FBow is uncommon, although it is predom-
inant in some ethnic populations, such as Asian and
Middle Eastern populations (mean FBow angle varying

between 1.8° and 5.3°),3-152425 where the FBow angle
can reach 88% of the patients in an osteoarthritic popu-
lation. Interest in the impact of the FBow measurement
remains crucial in a worldwide population to manage
constitutional diaphyseal deformity and post-traumatic
deformity. Indeed, a diaphyseal femoral deformity due to
a malunion of a diaphyseal fracture must be quantified
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Standardized coefficients of the radiological measurements that influence
mechanical medial distal femoral angle (MMDFA). aMDFA, anatomical
medial distal femoral angle; C'KS angle (angle between the distal femoral
shaft axis and the line joining C’ and the knee centre K); HKC” angle (angle
between the mechanical axis line of the femur and the line joining C’ and the
knee centre K).

to discuss if it is acceptable or needs a realignment oste-
otomy.?¢% This is why a straightforward measurement of
the FBow impact on knee alignment can be helpful in the
surgeon’s practice.

While this measurement is reliable and useable in
daily practice, it cannot be performed in specific cases.
The flexion contracture is a major factor that affects the
FBow angle:'® the larger the flexion contracture angle,
the larger the FBow angle. A femoral rotational disorder
can also modify the FBow angle.'® In this case, the radio-
logical FBow angle combines the true FBow deformity
and the sagittal femoral deformity. With an internal rota-
tion disorder, the radiological FBow is underestimated,
and with an external rotational disorder, the radiological
FBow is overestimated. Therefore, the femoral bowing
is more accurate with a CT scan,'®?® which avoids these
measurement errors of a standard full long-leg radio-
graph. Nevertheless, these two causes of mistakes can
be easily identified clinically, and an additional CT scan
can be performed if needed. The most common imaging
exam performed for knee arthroplasty remains radio-
graphs. A radiological assessment of the diaphyseal
deformity is thus essential, while remaining wary of the
risk of error. The full long-leg radiograph must also be
accurate with a knee strictly in a frontal position. Several
criteria can help to confirm the radiograph’s quality, such
as a centred patella, a symmetrical femoral notch, and
the fibular head position. A strict radiological protocol is

necessary; a monopodal full long-leg radiograph could
decrease the risk of errors.

This study has demonstrated that one of the main
anatomical factors influencing the mechanical femoral
axis was the C’KS angle. Indeed, several studies have
reported some difficulties and risk of errors during a TKA
procedure when a significant FBow was present.?22%2
The risk of misalignment in these cases was dependent
on the surgical technique of alignment. There were
more femoral components in varus (between 2° and 4°
of mean varus) in the patients with a FBow angle supe-
rior to 5° when a fixed value of the distal femoral cut
axis compared to the intramedullary guide is used (e.g.
7°).223% Navigation can reduce the risk of misalignment in
varus in the femoral bowing population, mainly the risk
of outliers.??> However, navigation can also completely
correct the femoral deformity, including the diaphyseal
deformity, which should not be corrected by the implant
positioning,” as the residual lateral laxity in extension
would be substantial in this case. The use of patient-
specific instrumentation (PSI) did not improve the lower
limb alignment and the implant positioning in the FBow
population either.?® Computer-assisted systems or PSI,
without integrating the localization of the deformity,
would not be helpful in managing these diaphyseal
deformities. For kinematic alignment techniques when a
significant FBow is present, there is a risk of keeping too
much residual varus in the lower limb at the end of the
procedure. Therefore, it seems essential to understand
the impact of femoral bowing on the knee in order to
adjust surgical planning accordingly.

Several knee surgeries could benefit from this
measurement of the FBow impact, particularly TKA with
severe femoral bowing, or post-traumatic malunion of a
diaphyseal fracture with severe varus deformity. Knowing
the proportion of the varus alignment due to the diaph-
yseal deformity could help to determine if an osteotomy
is needed, if the deformity can be compensated in the
joint, or if the deformity should not be corrected. A clin-
ical study is the next step to assess the consequences of
surgical planning (for TKA of osteotomy) using this new
measurement (C’KS angle) of the FBow impact on the
knee alignment.

In conclusion, the results of this study showed that
the impact of the diaphyseal femoral deformity on knee
alignment can be measured by the C’KS angle, which
considers the localization and importance of the FBow,
with good reliability and reproducibility. This new radio-
logical tool improves the understanding of the femoral
bone deformity and its impact on the knee.




Take home message

- The impact of the diaphyseal femoral deformity on the
knee alignment can be measured by a radiological angle on
a full long leg radiograph with a good reliability and a good

reproducibility.

- The impact of the diaphyseal femoral deformity was frequently
moderate, nevertheless it can reached 6° for the most important femoral
bowing in this study.

- This measurement could be used as an additional tool to understand
the femoral bone deformity when planning for knee surgery (knee
arthroplasty or osteotomy).
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