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Variability of Distal Femoral Valgus Resection Angle in Patients
with End-stage Osteoarthritis and Genu Varum Deformity:
Radiographic Study in An Ethnic Asian Population
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Wun-Jer Shen?

When performing a total knee arthroplasty, most surgeons
use the intramedullary alignment guide with a fixed distal
femoral valgus resection angle. In this study, we assessed
the variability of the distal femoral valgus resection angle
in ethnic Asian patients by reviewing our arthroplasty
database.

Between January 2004 and December 2012, the patients
with end-stage osteoarthritis with genu varum deformity
who underwent total knee arthroplasty were enrolled in
this retrospective review. Clinical and radiographic data
were collected and analyzed.

Nine hundred and fifty-two knees met the inclusion
criteria. Three hundred and four (31.9%) knees had a
distal femoral valgus resection angle value outside the
range of 5° £2° (range, 4°-14°). There were significant
differences in the mean distal femoral valgus resection
angle between males and females (p < 0.001) and be-
tween non-bowed femur and bowed femur (p < 0.001)
cohorts. With regard to the correlation coefficients
between the distal femoral valgus resection angle and
the usual radiographic measurements, only the coronal
femoral bowing angle demonstrated a good correla-
tion (r = 0.72).

At a Glance Commentary
Scientific background of the subject

The distal femoral valgus resection
(DFVR) angle is highly variable and leads
the intramedullary guide unreliable, but
scant data specific for ethnic Asians has
been reported in the literature. The aim of
this study was to determine the variability
in ethnic Asian patients with end-stage
osteoarthritis and genu varum deformity.

What this study adds to the field

32% of ethnic Asians patients have
a DFVR angle that is outside the range
of 5° + 2°. Special jigs that allow a wide
enough choice of valgus cut angle, simul-
taneous or staged corrective osteotomy
combined with TKA, or intra-articular
bone resection technique can be used to
accommodate the deformity and provide
ideal reconstructed alignments.

32% of Asian patients present with a distal femoral valgus resection angle that is outside the range
of 5° +2°. Taking a long-leg weight-bearing split scanogram may provide information that allows
the surgeon to determine the true distal femoral valgus resection angle and adjust the cut accord-

ingly.
Therapeutic level III.

(Biomed J 2015;38:350-355)
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Long—term survival analysis has shown that the longevity
of the implants and optimal long-term outcomes depend
on the accuracy of bone cuts and the proper restoration of
the mechanical axis of the leg.["”! An intramedullary (IM)
alignment guide is currently the most commonly used
method for performing the distal femoral resection in total
knee arthroplasty (TKA). Finite element models confirm
that bone-cut errors should be perpendicular to the femoral
mechanical axis to prevent abnormal wear, premature me-
chanical loosening of the components, and patellofemoral
problems.!"% In practice, most surgeons use a fixed 5°-6°
resection angle relative to the IM rod for patients with pre-
operative genu varum deformities,!''"'>) but postoperative
malalignment of the femoral component of greater than 3°
occurs in up to 20% of cases when using an IM guide.[61611

Malorientation of the femoral component relative to
the femoral axis has been shown to significantly increase
the aseptic failure rate. There are several causes of
femoral component malalignment when an IM alignment
guide is used. First, the IM guides rely on a proper fit in
the IM canal. Second, the position of the guide is affected
by the position of the entrance hole through the distal
femur into the IM canal. As a result, a properly restored
mechanical axis is often difficult to achieve in the presence
of diaphyseal deformity, distortion of the osseous canal, re-
sidual implants from previous surgery, malunited fractures,
metabolic bone disease, and variations in femoral anatomy
such as a large IM canal and excessive femoral bowing.
11221271 Tn the majority of TKA systems, the design of the
IM cutting guides assumes that the difference between the
femoral mechanical and anatomical axes is approximately
5.2 Tt is known that the angle between the femoral me-
chanical axis and anatomical axis is highly variable and af-
fected by the patient’s age, gender, body height, neck—shaft
angle, and femoral offset.!'>?#2] However, we are aware
of little data reported on the preoperative demographic
and radiographic variables specific for ethnic Asians in
the literature. The aim of this study was to determine the
variability of the distal femoral valgus resection angle in
ethnic Asians patients with end-stage osteoarthritis and
genu varum deformity.

METHODS

This study was approved by the Institutional Review
Board at the Chang Gung Memorial Hospital (98-1038B)
and comprised a total of 526 patients who underwent TKA at
the hospital between January 2004 and December 2012. The
inclusion criteria were patients suffering from end-stage os-
teoarthritis with genu varum deformity and who underwent a
primary TKA. The exclusion criteria included patients with a
history of prior hip arthroplasty with endoprosthesis replace-
ment, developmental dysplasia of the hip, prior fracture of
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femur or tibia, or incomplete medical records with respect
to radiographic analyses.

All patients were evaluated preoperatively using radio-
graphic analyses with anteroposterior (AP) and lateral radio-
graphs of the knees. Long-leg weight-bearing split scanograms
previously described by the senior author (R. W.-W. H.) were
routinely taken.””” The lower extremities were fully extended
and positioned so that the tibial tuberosities were facing for-
ward and the lateral malleoli were 30 cm apart. This standard
position ensures that the tibia were vertical and facing forward
with minimal rotation. The center of the femoral head (H)
was determined using Mose’s circles; the knee center (K) is
the midpoint of the tibial spines; the ankle center (A) is the
midpoint between the inner edges of the malleoli and one-half
of the height of the talus. The femoral length is defined as the
distance from the superior dome of the femoral head to the
inferior surface of the medial femoral condyle. The midpoint
of femoral neck base was designated as N; HN (bisector of
femoral neck) is the femoral neck axis connecting the center
of the femoral head and the midpoint of the femoral neck.
The femoral diaphysis was divided into three equal parts, and
four points were marked on the femoral shaft as follows: The
midpoint of cortical width at lesser trochanter was designated
as Fs; a point bisecting the shaft 10 cm proximal to the knee
joint was designated as Fd; the femoral shaft was defined as
FsFd; and the proximal and distal one-third bicortical centers
for the femur were designated as Fp and Fm, respectively.
A point bisecting the shaft midway between Fs and Fd was
designated as Fc. The proximal femoral anatomic axis was
defined as FsFp. B is the intersection of the femoral neck axis
and the proximal femoral anatomic axis [Figures 1 and 2].7¢?"

The line connecting the center of the femoral head to
the center of the knee joint was used as the femoral mechani-
cal axis (HK) and the line connecting the center of the knee
joint to the center of the ankle joint was used as the tibial
mechanical axis (KA). The mechanical axes of the lower
limb were defined as the angle between femoral mechanical
axis and tibial mechanical axis (HK-KA). For measure-
ment of the valgus correction angle of the distal femur, the
line connecting the distal one-third bicortical centers to the
center of the knee was used as the anatomical axis of the
distal femur (FmK). This is the expected pathway of the IM
alignment rod in the distal femur. The femoral neck—shaft
angle was defined as the angle between the femoral neck
axis and the proximal femoral anatomic axis (HB-BFp).
The valgus correction angle of the distal femur was defined
as the angulation between the femoral mechanical axis and
the distal anatomical axis of the femur (HK-FmK).”*®! The
percentage of patients with distal femoral valgus resection
angle outside the range of 5° +2° was determined.**3" The
magnitude of coronal femoral bowing angle (FsFc—FcFd)
was measured using the method described by Mullaji ez al.l®!
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Figure 1: A schematic diagram illustrating the key radiographic
landmarks used to define the axial alignment parameters. H, femoral
head center; N, midpoint of femoral neck base; Fs, midpoint of
cortical width at lesser trochanter; Fp, midpoint of cortical width at
proximal one-third femoral length; HN, bisector of femoral neck;
FsFp, anatomic axis of proximal femur; B, intersection of lines HN
and FsFp; Fm, midpoint of distal one-third femoral length; Fd, a
point bisecting the shaft 10 cm proximal to the knee joint; K, knee
joint center; a point bisecting the shaft midway between Fs and Fd
was designated as Fc; HK, mechanical axis of femur; A, ankle joint
center; KA, mechanical axis of tibia; HK-FmK, the valgus correction
angle of the distal femur; HB—BFp, the femoral neck—shaft angle;
FsFc—FcFd, the coronal femoral bowing angle.

According to Mullaji’s criteria,” patients with a coronal
femoral bowing angle >5° were defined as having excessive
coronal femoral bowing deformity [Figures 1 and 2].
Clinical data including age, gender, body weight,
body height, mean body mass index, and radiographic pa-
rameters including femoral length, preoperative mechani-
cal axes, femoral neck—shaft angle, the coronal femoral
bowing angle, and the distal femoral valgus resection angle
were recorded. All data were collected and entered in an
Excel spreadsheet (Microsoft, Redmond, WA, USA) by
two independent researchers. The data were rechecked
for missing and illogical data, and subsequently copied
into SPSS version 13.0 (SPSS Inc., Chicago, IL, USA)
and statistical analyses were performed. For categorical
data, Chi-square analysis or the Fisher exact test was used
as appropriate. For numerical data, a two-tailed Student’s
t-test was used for comparisons between the two groups.
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Figure 2: Preoperative long-leg weight-bearing split scanogram
showing excessive coronal femoral bowing deformity. The distal
femoral valgus resection angle was 12°, the femoral neck—shaft angle
was 131°, and the coronal femoral bowing angle was 10.

Statistical analysis was conducted by an independent stat-
istician. A value of p < 0.05 was considered statistically
significant. Correlation coefficients were graded using
previously described semi-quantitative criteria: Excellent
for 0.9 < r < 1.0, good for 0.7 < r < 0.89, fair/moderate
for 0.5 < r <0.69, low for 0.25 < r £ 0.49, and poor for
0.0 <r<0.24.81

RESULTS

A total of 526 patients (952 knees) with end-stage
osteoarthritic knees in conjunction with genu varum de-
formity who underwent primary TKA were enrolled in
this study. There were 152 males (248 knees) and 374 fe-
males (704 knees) with a mean age of 72 years (range,
59-82 years) at the time of surgery. The mean body height
was 154 cm (range, 141-177 cm), the mean body weight
66 kg (range, 38-97 kg), and the mean body mass index was
27.7 kg/m? (range, 17.6-36.2 kg/m?). Computer measure-
ments of digital films showed the following: Mean femoral
length 454 mm (range, 412-524 mm), mean preoperative
mechanical axis 166° (range, 146°—173°), mean distal femo-
ral valgus resection angle 7° (range, 4°-14°), mean coronal
femoral bowing angle 4° (range, 1°-19°), and mean femoral
neck—shaft angle 130° (range, 116°-145°) [Table 1].



Three hundred and four (31.9%) of 952 knees in this
cohort had a distal femoral valgus resection angle value
outside the commonly used reference range of 5° £2°. There
was a statistically significant difference in the mean distal
femoral valgus resection angle between the male versus fe-
male [5° (range, 4°-10°) vs. 8° (range, 5°-14°); p < 0.001]
and non-bowed femur versus bowed femur [7° (range,
4°-10°) vs. 10° (range, 8°-14°); p < 0.001] cohorts. With
regard to the correlation coefficients between the distal
femoral valgus resection angle and the other radiographic
measurements made, only the coronal femoral bowing angle
demonstrated a good correlation (r = 0.72). Low correla-
tion coefficients with the distal femoral valgus resection
angle were found with body height, body weight, femoral
neck—shaft angle, and preoperative mechanical axis (r =
-0.25,-0.27,-0.28, and 0.41, respectively). The remaining
variables including the patient’s age, body mass index, and
femoral length showed poor correlation coefficients with
the distal femoral valgus resection angle (r = 0.05, —0.09,
and — 0.19, respectively). In patients with more coronal
femoral bowing angle, the distal femoral valgus resection
angle had a tendency to increase [Table 2].

Patients were further divided into two groups: Those
without excessive coronal femoral bowing deformity were
assigned to group A and those with excessive coronal femo-
ral bowing deformity (greater than 5° as defined by Mullaji’s
criteria) were in group B. There were 859 knees in group A
and 93 knees in group B. Demographically, significant dif-
ferences were revealed in terms of gender, age at the time
of operation, femoral length, femoral neck—shaft angle, the
distal femoral valgus resection angle, the coronal femoral
bowing angle, and preoperative mechanical axes between
the non-bowed and bowed femur. The majority of coronal
femoral bowing deformity occurs in elderly female Asian
patients [Table 3].

DISCUSSION

The key finding in this investigation was that the distal
femoral valgus resection angle has high variability and is
affected by the excessive coronal femoral bowing deformity
found in elderly female Asian patients who do not have a history
of past trauma or surgery. The 5°-6° distal femoral valgus re-
section angle does not hold true in the ethnic Asian population.

Three hundred and four (31.9%) of 952 knees had a
value outside the commonly accepted reference range of
5°+2°. In two previous studies, it was stated that taller pa-
tients would have a smaller distal femoral valgus resection
angle, and that the distal femoral valgus resection angle is
related to the femoral neck—shaft angle in male patients.!!>2!!
Our data do not support these findings. Only the coronal
femoral bowing deformity seems to be a significant factor
and has a direct correlation with the distal femoral valgus
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Table 1: Patient demographic data and preoperative
radiographic data

Parameters Overall (N=952)

Demographic variables

Age (years) 72+6 (59-86)
Gender
Male 248 (26.1)
Female 704 (73.9)
Body height (cm) 154+8 (138-172)
Body weight (kg) 66x11 (38-96)
Body mass index (kg/m?) 27.6x4 (17.6-37.7)

Radiographic measurements
454430 (412-524)
1666 (146-173)
7+2 (4-14)
43 (1-19)
13045 (116-145)
The values are presented as the mean+SD with the range in
parentheses, or n (%) where appropriate

Femoral length (mm)

Mechanical axis (°)

Distal femoral valgus resection angle (°)
Coronal femoral bowing angle (°)
Femoral neck-shaft angle (°)

Table 2: Calculated correlation coefficients of the distal femoral
valgus resection angle and both demographic variables and
preoperative radiographic measurements

Variable Correlation coefficient ~ Grade
with distal femoral
valgus resection angle
Demographic variables
Age (years) 0.05 Poor
Body height (cm) -0.25 Low
Body weight (kg) -0.27 Low
Body mass index (kg/m?2) —0.09 Poor
Radiographic measurements
Femoral length (mm) -0.19 Poor
Mechanical axis (°) 0.41 Low
Coronal femoral bowing angle (°) 0.72 Good
Femoral neck-shaft angle (°) —0.28 Low

A negative value corresponds with an inverse relationship

resection angle.

In this study, it was found that the majority of
coronal femoral bowing deformity occurs in elderly
female Asian patients. It has been noted that there is a
relatively high prevalence of coronal femoral bowing in
this population.!'>25-27) Mullaji suggested it may result
from a combination of osteomalacia and osteoporosis
caused by nutritional deficiency of vitamin D and cal-
cium.?! Because bowing may not be apparent either
clinically or on plain radiographs of the knee, the extent
of coronal femoral bowing deformity is likely underes-
timated in clinical practice unless preoperative long-leg
weight-bearing split scanograms are routinely obtained.
A long-leg weight-bearing split scanogram should be pre-
operatively obtained to determine the true distal femoral
valgus resection angle in elderly female Asian patients. In
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Table 3: Demographic and radiographic data in patients of the non-bowed and bowed groups

Parameters Group A (n=859) Group B (n=93) )4
Demographic variables
Age (years) 72+6 (59-86) 75+5 (64-82) <0.001*
<70 246 (28.6) 12 (12.9) 0.001°*
70-80 553 (64.4) 57 (61.3) 0.571
>80 60 (7.0) 24 (25.8) <0.001*
Gender
Male 246 (28.6) 2(2.2) <0.001*
Female 613 (71.4) 91 (97.8) <0.001*
Body height (cm) 154+8 (138-172) 1518 (140-164) <0.001*
Body weight (kg) 6611 (38-96) 62+8 (42-82) <0.001*
Body mass index (kg/m?) 27.7+4 (17.6-37.7) 27.2+4 (18.4-35.9) 0.256
Radiographic measurements
Femoral length (mm) 456+30 (412-524) 440+22 (412-520) <0.001*
Mechanical axis (°) 167+6 (146-173) 164+4 (156-173) 0.004*
Distal femoral valgus resection angle (°) 7+1 (4-10) 101 (8-14) <0.001*
Coronal femoral bowing angle (°) 3+1 (1-4) 11£3 (8-19) <0.001*
Femoral neck-shaft angle (°) 131+4 (118-142) 128+5 (116-145) 0.006*

*Statistically significant (p < 0.05). Group A: Patients without excessive coronal femoral bowing deformity; Group B: Patients with excessive
coronal femoral bowing deformity. The values are presented as mean+SD with the range in parentheses, or n (%) where appropriate.

this series, the mean distal femoral valgus resection angle
was 10°+1°. The majority of currently available IM or
extramedullary alignment guidance system femoral jigs
do not provide a wide enough choice of valgus resection
angle to accommodate such magnitude of deformity. If a
fixed distal femoral valgus resection angle of 6° is used,
the unexpected greater distal femoral valgus resection
angle would result in greater risk of malposition of com-
ponents, leading to inadequate postoperative mechanical
axes and aseptic failure of TKA.!-1418.25-27.32.33]

Femoral component malalignment is not uncom-
mon when using an IM alignment guide."''"'"" Mason
et al. performed a meta-analysis of 29 studies comparing
computer-assisted surgery-TKA (CAS-TKA) to conven-
tional TKA.®¥ They found that 90.4% of CAS-TKAs had
a femoral component alignment within 2° perpendicular to
the mechanical axis versus only 65.9% using conventional
techniques. The CT-free navigation system (Brain-LAB, Inc.,
Munich, Germany) has been available at the Chiayi Chang
Gung Memorial Hospital since 2002. Our previous studies
demonstrated that the CAS-TKA improved the accuracy of
the orientation of components and mechanical axis of the
lower limb.!'"') CAS-TKA also has been shown to improve
component alignments, limb axis correction, and soft tis-
sue balance in patients with arthritic knees complicated by
extra-articular deformity.?” Use of CAS-TKA that aligns
the reconstructed mechanical axis based on the hip and knee
centers (thereby ignoring extra-articular deformity such as
coronal femoral bowing) makes the need for preoperative
long-leg weight-bearing split scanograms for planning distal
femoral resection angle almost redundant. This technol-
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ogy is used in few centers, and thus, preoperative long-leg
weight-bearing split scanograms are important where this
technology is not available.

Several limitations in this study must be acknowledged.
This was a radiological study in which we were unable to
assess any correlation between alignment and functional
outcome. The study was retrospective in design, but all the
patients underwent TKA following the same protocol in a
single center with a registry system, which might reduce
the inherent bias. By design, the current study was limited
to knee replacements in ethnic Asian patients, so it not
applicable to other ethnicities. While we have confirmed
the high incidence of coronal femoral bowing deformity in
elderly female ethnic Asians, we do not have an explanation
why this occurs.

The authors wish to call attention to their finding that
32% of ethnic Asians patients who have end-stage osteoar-
thritis of the knee joint and genu varum deformity will have
a distal femoral valgus resection angle that is outside the
range of 5°+2°. Although whether a long-leg weight-bearing
split scanogram should be a routine part of the preopera-
tive protocol for TKA is still debated,**! our protocol
calls for taking a long-leg weight-bearing split scanogram
to determine the true distal femoral valgus resection angle
in an ethnic Asian population. Special jigs that allow a
wide enough choice of valgus cut angle, simultaneous
or staged corrective osteotomy combined with TKA,?%
or intra-articular bone resection technique™! can then be
used to accommodate the deformity and provide an ideal
reconstructed mechanical axis and accurate placement of
components.
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