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Fixed distal femoral resection with a valgus cutting angle of
3° is more appropriate in juxta-articular valgus deformity than
intra-articular valgus deformity in total knee arthroplasty:

a retrospective single center study
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Background: The traditionally recommended fixed valgus cutting angle (VCA) of 3° is used as the standard
method in total knee arthroplasty (TKA) for valgus deformity. The accuracy of distal femur cutting can
be affected by the type of valgus deformity because the intramedullary rod for distal femoral resection can
become impinged on the femoral cortex. The purpose of this study is to analyze the accuracy and precision
of a VCA of 3° in mechanical alignment in TKA for valgus deformity, based on the type of the deformity.
Methods: TKAs with a fixed VCA of 3° performed in 110 intra-articular and 102 juxta-articular valgus
knees were retrospectively reviewed. The age (65.8 vs. 66.1 years), sex (female: male =78/32 vs. 70/32), body
mass index (26.0 vs. 26.0), and severity of deformities (valgus 12.1 vs. valgus 12.5) were not significantly
different (P>0.647). The mechanical-lateral-distal-femoral angle (nLDFA) and anatomical-mechanical-
axis angle (AMA-A) were evaluated. The adjusted-VCA (aVCA) was defined as the maximum angle within
the range without the intramedullary rod impinging on the femoral cortex. The proportion of well-aligned
femoral component (mnLDFA <90°+3°) was assessed. The correlation between AMA-A-3° or aVCA-3° and
postoperative mLDFA-90° was analyzed.

Results: Despite the larger AMA-A in the juxta-articular group (6.2° vs. 6.8°, P<0.001), the aVCA was
lesser in the juxta-articular group (5.4° vs. 4.1°, P<0.001). The mLDFA was more varus in the intra-articular
group (91.7° vs. 90.6°, P<0.001) postoperatively. The proportion of well-aligned femoral component was
higher in the juxta-articular group (85.3% wvs. 70%, P=0.009). Postoperative mLDFA-90° was moderately
correlated with aVCA-3° (r=0.301, r=387), but weakly correlated with AMA-A-3° (r=0.274, r=294) in both
groups.

Conclusions: Although a fixed VCA of 3° is a reliable method in achieving mechanical alignment in valgus
deformity, it can be more appropriate in juxta-articular deformity than in intra-articular deformity. The
aVCA is a more reasonable predictor of femoral component alignment than the AMA-A, considering the

femoral cortex impingement of the intramedullary rod.
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Introduction

Restoration of the neutral mechanical axis of the lower
extremity is a critical goal in mechanically aligned total knee
arthroplasty (TKA) (1) and is important for the longevity of
prostheses as well as favorable functional outcomes (2). This
can be achieved by making coronal bone cuts perpendicular
to the mechanical axes of the femur and tibia (3). The
primary origin of valgus deformity is mostly present on
the femur (4,5); therefore, while correcting the valgus
deformity, it is important to perform a precise distal femoral
resection with an accurate valgus cutting angle (VCA).

Several studies have suggested methods for accurate
femoral cutting in valgus knees with arthritis, including the
use of the anatomical-mechanical axis angle (AMA-A) with
medialized entry for the intramedullary rod, intraoperative
navigation, or patient-specific guide (4). These methods
had limitations that make clinical application difficult.
Bone defect on the medial condyle was a limitation for the
use of the AMA-A with medialized entry for the rod (4).
High costs and long learning curve limited the use of the
navigation (6). There was no evidence demonstrating
improvement in coronal alignment when using the
patient-specific guide (7). Therefore, the traditionally
recommended fixed VCA of 3° is still used as the standard
method in valgus deformity, with its use supported by the
successful outcomes of a long-term clinical study (8,9).
However, in certain cases, occurrence of unsatisfactory
femoral component alignment when using a fixed VCA of
3° can be a matter of concern because this method is not
customized according to the different femoral anatomies.

Knees with valgus deformity can be classified into intra-
articular (TA) and juxta-articular (JA) types according to the
level of the origin of the femoral deformity (10). They are
characterized by hypoplasia of the lateral femoral condyle
or metaphyseal valgus deformity, respectively (2,10). The
accuracy of distal femur cutting can be affected by the
type of valgus deformity because the intramedullary rod
for distal femoral resection can become impinged on the
femoral cortex (4). No studies have compared the accuracy
and precision of a fixed VCA of 3° between the different
types of valgus deformity.

The purpose of the present study is to analyze the
accuracy and precision of a fixed VCA of 3° in mechanical
alignment in TKAs for valgus deformity, based on the type
of the deformity. We hypothesized that this traditional
standard concept for the VCA is more appropriate in JA
deformity than in IA deformity because of the impingement
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of the intramedullary rod on the femoral cortex. Our
study will help clinicians determine the appropriate VCA
for satisfactory alignment of the femoral component in
valgus deformities. The study was presented following
the STROBE reporting checklist (available at https://aoj.
amegroups.com/article/view/10.21037/a0j-22-8/rc).

Methods
Patients

Between March 2001 and February 2016, 339 TKAs were
performed in knees with valgus deformity by two senior
surgeons at our institution. Patients undergoing (I) primary
TKA for osteoarthritis or inflammatory arthritis (including
rheumatoid or hemophilic arthritis) with Kellgren-
Lawrence grade 4 and hip-knee-ankle (HKA) angle > valgus
5° and (II) those with available appropriate full-length
standing anteroposterior (AP) radiographs were included.
Exclusion criteria were (I) a history of knee infection,
fracture, dislocation, or ligament injury (54 cases), (II)
knee instability (28 cases), (III) a history of reconstructive
ligament surgery or high-tibial osteotomy (8 cases), and (IV)
obvious deformity of the proximal or mid-shaft of the femur
(36 cases).

According to the criteria, 212 TKA cases were included
and retrospectively analyzed in the present study. The
overall mean age of the patients was 65.9 years [standard
deviation (SD): 11.2 years)], and there were 148 female
and 64 male patients, respectively. The mean body mass
index was 26.0 kg/m’ (SD: 2.9). There were 168 knees
with degenerative osteoarthritis, 26 knees with rheumatoid
arthritis, and 18 knees with hemophilic arthritis. The mean
degree of valgus deformity was 12.3° (SD: 5.4°; range:
valgus 5.3 to valgus 29.6).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Institutional Review Board of Kyung Hee
University Hospital (No. KHUH 2020-09-040). Informed

consent was obtained from all patients prior to review.

Surgical techniques

Press Fit Condylar (PFC) Sigma® or Attune® prostheses
(Depuy Synthes, Warsaw, IN, USA) were implanted
using posterior stabilized (PS) or constrained condylar
knee (CCK) inserts. A tourniquet was applied during the
procedures. All procedures were performed using a modified
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measured resection technique to restore the mechanical
alignment. In all the cases, the medial parapatellar approach
was used with a midline skin, which is used by majority of
the orthopedic surgeons; the anterolateral approach was
not used, considering the difficulty of closing the lateral
compartment after the correction of the deformity (11). An
intramedullary guide was used for femoral resection. The
conventional central entry was used for the intramedullary
rod, which was placed at the center of the femoral trochlea
and 7-10 mm anterior to the top of the intercondylar notch.
A fixed VCA of 3° was used. The thickness of distal femoral
resection was typically 9 mm, as maintained by the standard
technique of the implant systems; additional resection was
performed in case of flexion contracture >15 degrees, and
less resection was performed in case of hyperextension.
The transepicondylar axis was used for femoral component
rotation. The size of the femoral component was selected
using the anterior-referencing method. An extramedullary
guide was used for tibial resection. The posterior tibial slope
was set to be 2°-3° of the posterior slope in the sagittal
plane. The reference line for tibial rotation was accurately
aimed at a line passing through the medial third of the
tibial tubercle and the second metatarsal or the middle of
the talus. All osteophytes were removed. Any contracted
soft tissue was carefully examined and selectively released
when required. The iliotibial band or the posterolateral
capsule was mainly released; while the medial soft tissues
were minimally released (2). All patellae were resurfaced.
Patellofemoral articulation was carefully evaluated using
the “no thumb” technique. All components were implanted
on cleaned and dried cut surfaces using a full cementation
technique. The level of constraint of the polyethylene insert
was decided intraoperatively by the surgeons. The PS insert
was used in 196 (92.5%) TKA cases with well-balanced
flexion-extension and medio-lateral gaps, while the CCK
insert was used in 16 (7.5%) TKA cases with insufficient
medio-lateral stability.

Isometric exercises using the extensor and flexor
muscles were initiated shortly after surgery. The drain was
removed on the second postoperative day, and active and
assisted range of motion (ROM) exercises were initiated.
Full weight-bearing ambulation was started after 3 days
according to the patient’s condition.

Clinical evaluation

Clinically, the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scores and ROM were
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evaluated preoperatively and at 5 years after TKA (last
follow-up) (12). The ROM was measured using a long-
armed goniometer.

Radiograpbic evaluation

Radiographic parameters were measured preoperatively, at 3
months after TKA (postoperative), and at the last follow-up.
Full-length AP radiographs were obtained under weight-
bearing conditions. The quality of the radiographs was
improved using the radiographic protocol of standardization
for the position of the knee and using an identical distance
between the X-ray beam and cassette (13). The radiographs
were taken with the patient standing with the knee fully
extended and the feet slightly internally rotated to ensure
forward placement of the knees (14).

The type of valgus deformity was determined based on the
mechanical and anatomical axes of the femur. The mechanical
axis of the femur was defined as a line between the center of
the femoral head and the center of the intercondylar notch of
the native femur or implant. The anatomical axis of the femur
was defined as the central line along the intramedullary canal
of the middle of the femur (4). The anatomical axis usually
crosses at the midpoint of the femoral notch in the femurs
without any deformity (4). IA deformity was determined
when the point of crossing between the femoral mechanical
and anatomical axes was below the tangent line of the
superior borders of the medial and lateral femoral condyles
(Figure 1A). JA deformity was determined when the point was
above the tangent line (Figure 1B) (10). The tangent line of
the femoral condyles indicates the boundary of the knee joint
because an anatomical projection of the posterior superior
knee joint capsule is around this line and the area of the
articular cartilage of the posterior condyle lies below it (10).

The HKA angle was defined as the angle
between the femoral and tibial mechanical axes on
orthoroentgenograms (15). The mechanical axis of the femur
was defined as described above, and the mechanical axis of the
tibia was defined as a line connecting the center of the tips
of the spines of the native tibial plateau or tibial base plate
with the center of the talus. Valgus alignment was denoted
with a positive value and varus alignment was denoted with a
negative value. The mechanical-lateral-distal-femoral angle
(mLDFA) was defined as the lateral angle between the femoral
mechanical axis and a tangent line of the most distal points
of the femoral condyles in the native knee or implant (4).
The mechanical-medial-proximal-tibial angle (nMPTA) was

defined as the medial angle between the tibial mechanical axis
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Figure 1 Intra-articular and juxta-articular valgus deformities.
(A) Intra-articular valgus deformity; (B) juxta-articular valgus
deformity. a, anatomical axis; m, mechanical axis; j, tangential line
connecting the superior borders of the medial and lateral femoral

condyles (white dotted line).

and a tangent line of the native proximal tibial plateau or the
tibial base plate (3).

The AMA-A was measured preoperatively as the acute
angle between the mechanical and anatomical axes of
the femur (Figure 2) (4). The adjusted-VCA (aVCA) was
measured considering impingement of the intramedullary
rod on the inner femoral cortex and the radius of the rod.
A reference intramedullary line was drawn from the center
of the intercondylar notch (central entry point), and this
line was at least 4 mm away from the femoral inner cortex
(Figure 2). The reason for the distance of 4 mm is that the
radius of the intramedullary rod of the PFC® and Attune®
prostheses is 4 mm (16,17). This reference line implements
an intraoperative situation in which the rod is forced away
by the inner femoral cortex when it enters from the central
entry in a valgus knee. The aVCA was measured as the
acute angle between the reference line and the femoral
mechanical axis, which indicates the maximum angle within
the range without impingement of the intramedullary rod
by the inner femoral cortex (Figure 2).

The images were transferred digitally to a picture

© Annals of Joint. All rights reserved.

Figure 2 Anatomical-mechanical-axis angle and aVCA in intra-
articular and juxta-articular valgus deformities. (A) Intra-articular
valgus deformity; (B) juxta-articular valgus deformity. Anatomical-
mechanical-axis angle: acute angle between the lines a and my;
adjusted valgus cutting angle: acute angle between the lines r
and m, which is the maximum angle within the range that avoids
inner femoral cortex impingement by the intramedullary rod. a,
anatomical axis; m, mechanical axis; r, intramedullary reference line
made at least 4 mm (radius of the intramedullary rod) away from
the femoral inner cortex (white dotted line). aVCA, adjusted valgus
cutting angle.

archiving and communication system (PACS). Radiographic
magnification of all measurements was corrected using the
PACS ruler. Assessments were performed on a 61-cm (24-
inch) monitor (SyncMaster 2494HMN; Samsung, Seoul,
South Korea) in portrait mode using PACS software. The
minimum differences that the software could detect were
0.1° and 0.1 mm (18). Two orthopedic surgeons measured
all the radiographic parameters to reduce observation bias.
The inter-observer agreement for determining valgus type
was assessed, and all of the determination was consistent.
The inter-observer reliability of other radiographic
measurements was assessed using an intraclass correlation
coefficient. The intraclass correlation coefficient for all
measurements was >0.8, and the average values were used in
the study.
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Complications

Any complications and additional surgeries were investigated
with reference to the standardized list and definitions of
complications in TKA suggested by the Knee Society (19).

Statistical analysis

Preoperative clinical data were compared with last follow-
up data using the paired 7-test. Preoperative radiographic
data were compared with postoperative radiographic data,
and postoperative radiographic data were compared with
last follow-up radiographic data to evaluate radiographic
changes over time (paired #-test). The AMA-A and aVCA
were compared using the paired #-test. The clinical and
radiographic results were compared between the IA and JA
groups using the independent #-test. The proportions of
well-aligned femoral component (postoperative mLDFA
<90°+3°) and well-aligned knee (postoperative HKA angle
<0°£3°) were compared between the IA and JA groups using
Chi-square or Fisher’s exact test (1,20). The correlation
between AMA-A-3° or aVCA-3° (defined as the difference
between a fixed VCA of 3° and the AMA-A or aVCA) and
postoperative LDFA-90° (defined as the degree of varus
or valgus of the femoral component in compared to the
femoral mechanical axis) were analyzed using Pearson
correlation analysis. Correlation analysis was performed
to determine the parameter that is closely related to the
coronal alignment of the femoral component. Statistical
analyses were performed using SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA), and a P value of <0.05 was
considered statistically significant.

A power analysis was performed to determine the
minimum sample size affording sufficient power, with the
aVCA, postoperative mLDFA, and proportion of well-
aligned femoral component as the important outcomes. The
power and alpha level were set to 0.8 and 0.05, respectively.
As a result, the appropriate sample sizes for the aVCA,
postoperative mLDFA, and proportion of well aligned
femoral component were 18, 40, and 91 cases in each group,
respectively. Therefore, it was determined that our sample
size was adequately powered.

Results

General clinical and radiograpbic results

Clinically, the average WOMAC score was 66.4 (SD: 4.9)
preoperatively and 10.9 (SD: 5.1) at the last follow-up

© Annals of Joint. All rights reserved.

Page 5 of 11

(P<0.001). The ROM improved from 124.0° (SD: 19.1°)
preoperatively to 134.3° (SD: 13.3) at the last follow-up
(P<0.001).

Radiographically, the HKA angle was corrected from
valgus 12.3° (SD: 5.4°) to varus 0.7° (SD: 2.5°) (P<0.001).
The mLDFA was 83.9° (SD: 3.3°) preoperatively and
91.2° (SD: 2.1°) postoperatively (P<0.001). The mMPTA
was 90.9° (SD: 3.0°) preoperatively and 90.4° (SD: 2.0°)
postoperatively (P=0.019). There were no significant
changes in the HKA angle [varus 0.7° (SD: 2.5°) vs. varus
0.9° (SD: 2.8°), P=0.109), mLDFA (91.2° vs. 91.3° (SD:
2.4°), P=0.231), and mMPTA [90.4° (SD: 2.0°) vs. 90.4°
(SD: 2.0°), P=0.772] at the last follow-up compared to the
postoperative values.

The AMA-A was 6.5° (SD: 1.1°) and the aVCA was 4.8°
(SD: 1.2°) preoperatively (P<0.001).

Clinical and radiograpbhic results between knees with 14
and JA deformities

There were 110 knees with IA deformity and 102 knees with
JA deformity. There were no significant differences in age,
sex, body mass index, and preoperative diagnosis between
the groups (ZTable 1). The proportion of IA or JA deformity
was not significantly different between the patients with
osteoarthritis (IA =51.2%; JA =48.8%) and rheumatoid
arthritis (IA =46.2%; JA =53.8%) (P=0.678) (Tible 1).
Clinically, the WOMAC score and ROM were not
significantly different between the IA and JA groups
preoperatively and at the last follow-up (7zble 2).
Radiographically, there were no significant differences in
the HKA angle, mLDFA, and mMPTA preoperatively
between the groups (Zable 3). The aVCA was significantly
lesser than the AMA-A in both groups (P<0.001 for each).
Although the AMA-A was significantly larger in the JA
group than in the IA group (6.8° vs. 6.2°, P<0.001), the
aVCA was significantly lesser in the JA group than in the
IA group (4.1° vs. 5.4°, P<0.001) (Table 3). The difference
between the AMA-A and aVCA was greater in the JA group
than in the IA group (2.7° vs. 0.8°, P<0.001) (7able 3).
When using a fixed VCA of 3°, the postoperative HKA
angle demonstrated more varus alignment in the IA group
than in the JA group (varus 1.0° vs. varus 0.3°, P=0.027)
(Table 3). The mLDFA was also demonstrated more varus
alignment in the IA group than in the JA group (91.7° vs.
90.6°, P<0.001). The mMPTA was not different between
the groups postoperatively (90.6 vs. 90.1, P=0.069) (Table 3).
The postoperative proportion of the well-aligned femoral
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Table 1 Demographic data of patients with intra-articular and juxta-articular deformities

Demographics Intra-articular deformity Juxta-articular deformity P value
Number of knees 110 102

Age (years)' 65.8+10.9 66.1+11.6 0.810
Females/males 78/32 70/32 0.766
Body mass index (kg/m?) 26.0+2.8 26.0+3.0 0.878
Preoperative diagnosis (OA, RA, HA) 86/12/12 82/14/6 0.389

T, continuous variables are presented as mean + standard deviation. OA, osteoarthritis; RA, rheumatoid arthritis; HA, hemophilic arthritis

Table 2 Clinical results of patients with intra-articular and juxta-articular deformities

Clinical results Evaluation time Intra-articular deformity Juxta-articular deformity P value

WOMAC score Preoperative 66.4+4.7 (55-75) 66.3+5.1 (58-74) 0.888
Last follow-up 11.0+5.0 (0-24) 10.7+5.2 (0-23) 0.670

Range of motion (°) Preoperative 125.1+18.6 (100-150) 122.9+19.7 (100-145) 0.395
Last follow-up 135.3+12.3 (100-150) 133.2+14.3 (100-150) 0.247

Continuous variables are presented as mean + standard deviation (range). WOMAC, Western Ontario and McMaster Universities

Osteoarthritis Index.

Table 3 Radiographic results of patients with intra-articular and juxta-articular deformities

Radiographic parameters Intra-articular deformity Juxta-articular deformity P value
Hip-knee-ankle angle (°)

Preoperative Valgus 12.1+5.5 (5.3-27.3) Valgus 12.5+5.2 (6.1-29.6) 0.647

Postoperative Varus 1.0+2.5 (6.4-5.1) Varus 0.3+2.5 (5.4-5.8) 0.027
mLDFA (°)

Preoperative 84.3+2.5 (77.9-89.3) 83.5+3.9 (74.7-91.0) 0.083

Postoperative 91.7+2.0 (85.7-96.3) 90.6+1.9 (85.8-94.3) <0.001
Mechanical-medial-proximal-tibial angle (°)

Preoperative 91.2+3.3 (84.8-100.6) 90.6+2.4 (83.3-97.0) 0.205

Postoperative 90.6+2.1 (85.2-96.2) 90.1+1.9 (86.3-93.7) 0.069
AMA-A (°) 6.2+1.3 (3.2-9.1) 6.8+1.1 (4.9-9.3) <0.001
aVCA (%) 5.4+1.0 (2.7-8.3) 4.1+£1.0 (1.9-6.9) <0.001
Difference between AMA-A and aVCA (°) 0.8+0.8 (-0.9 to 4.5) 2.7+1.3 (-0.3t0 6.4) <0.001

Continuous variables are presented as mean + standard deviation (range). mLDFA, mechanical-lateral-distal-femoral angle; AMA-A,
Anatomical-mechanical-axis angle; aVCA, adjusted valgus cutting angle.

component was 70% in the IA group and 85.3% in the JA
group (P=0.009) (Figure 34). Postoperatively, the proportion
of well aligned knees showed no significant difference (72.7%
vs. 76.5%, P=0.636) (igure 3B).

© Annals of Joint. All rights reserved.

Correlation between the AMA-A or aVCA and the
postoperative mLDFA

There was weak positive correlation between AMA-A-3°
and postoperative mLDFA-90° (r=0.197, P=0.004)
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(Figure 44) and moderate positive correlation between
aVCA-3° and postoperative mLDFA-90° (r=0.406, P<0.001)
(Figure 4B) (Table 4). This finding implies that the alignment
of the femoral component became more varus when the
difference between the AMA-A or aVCA and a fixed VCA
of 3°increased.

This trend was also observed in correlation analysis
conducted separately for each group (Tuable 4). Weak
correlation was observed between AMA-A-3° and
postoperative mLDFA-90° in both groups, and moderate
correlation was observed between aVCA-3° and postoperative

© Annals of Joint. All rights reserved.

mLDFA-90° in both groups (Figure 5).

Complications

No complications, such as loosening of the components,
instability, and patellofemoral dislocation, were recorded.

Discussion

The most important finding of the present study was that
the accuracy and precision of a fixed VCA of 3° was better
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Table 4 Correlation coefficient between the anatomical-mechanical-axis angle, aVCA, and postoperative mLDFA

Parameters Total

Intra-articular deformity Juxta-articular deformity

AMA-A-3° and postoperative mLDFA-90° (°)
aVCA-3° and postoperative mLDFA-90° (°)

0.197 (P=0.004)
0.406 (P<0.001)

0.274 (P=0.004) 0.294 (P=0.002)

0.301 (P=0.002) 0.387 (P<0.001)

Continuous variables are presented as mean + standard deviation. AMA-A, anatomical-mechanical-axis angle; aVCA, adjusted valgus

cutting angle; mLDFA, mechanical-lateral-distal-femoral angle.

8.0
A r=0.301
= 6.0 ® (P=0.002)
:® . ;
g i oo 2 o ©
E 4.0 :DO&G o3 o e
[a) o 06 o
a o o0 0 —
E 201 o o ppe 2e® ™
2 T #&
© 004 — © 2 o o o, i
a; ® o %@0@ ®
Q o So
9 -2.0
8 o
o o
4.0 1 o
T T T T
0.0 2.0 4.0 6.0
aVCA-3 (°)

ve}

r=0.387
(P<0.001)

5.0

Postoperative mLDFA-90 (°)

20 -10 00 10 20 30 40
aVCA-3 (%)

Figure 5 Correlation between aVCA minus 3° and postoperative mLDFA minus 90° in intra-articular and juxta-articular valgus deformities.

(A) Intra-articular valgus deformity; (B) juxta-articular valgus deformity. mLDFA, mechanical-lateral-distal-femoral angle; aVCA, adjusted

valgus cutting angle.

for mechanical alignment in valgus knees with JA deformity
than those with IA deformity. The aVCA is a more reliable
parameter that is moderately correlated to the alignment
of the postoperative femoral component than the AMA-A,
considering the impingement of the intramedullary rod on
the femoral cortex in valgus deformity.

Valgus knee arthritis is a complex deformity
characterized by a hypoplastic lateral femoral condyle,
femoral and tibial metaphyseal valgus remodeling, and
medial soft tissue laxity (4,10). Thienpoint ez /. (5) have
reported that a valgus arthritic knee has a substantial distal
femoral valgus anatomy with an average mLDFA of 85°,
tibial extra-articular deformity with an average mMPTA of
90°, and medial soft laxity of a joint line convergence angle
of 2°. They suggested that the valgus deformity should
be corrected mainly on the femoral side. Therefore, the
VCA in distal femoral resection is critical in restoring the
mechanical alignment of the lower extremity in TKA for
valgus arthritis.

A fixed VCA of 3° has been the standard in TKAs for
valgus knee arthritis (2,21). However, the exact rationale
for this traditional concept has not been described.
Although this concept has been described as being used

© Annals of Joint. All rights reserved.

to avoid under-correction of underlying deformity and
residual valgus deformity (2,8), it has not been explained
why the valgus deformity remains when performing TKA
with the generally used VCA in reference to the AMA-A.
Considering our results, the reliability of a fixed VCA of
3¢ in the valgus knee can be explained by the change in the
direction of the intramedullary rod due to impingement
of the femoral cortex and the radius of the rod. In such
a situation, the VCA becomes smaller and if the AMA-A
is used, the femur will be cut more valgus than expected,
which will result in residual valgus.

Such a situation of a decreased VCA in valgus knee was
more evident in JA deformity than in IA deformity. Although
a change in the direction of the intramedullary rod due to
the impingement can also occur in IA deformity (4), it is
more significant in JA deformity due to metaphyseal bowing
(Figure 2). Therefore, based on the aVCA, the concept
of a fixed VCA of 3° appears more suitable for JA valgus
deformity with metaphyseal valgus bowing (aVCA: 4.1°).
In contrast, it is believed that care should be taken when
applying the traditional concept in IA deformity (aVCA:
5.4°). With a fixed VCA of 3°, the femoral component

and lower extremity were less mechanically aligned, and
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the proportion of well-aligned femoral component was
significantly lower in the IA group than that in the JA group
in our study. The type of deformity should be considered
when determining the VCA in TKA for knees with valgus
deformity.

Our correlation analysis showed that the aVCA was a
more reliable parameter than the AMA-A in predicting
postoperative femoral alignment. However, the aVCA
demonstrated moderate correlation and not strong
correlation. The reason for this is believed to be the fact
that the degree of actual valgus cutting is less than the
aVCA (indicating the maximum value within the range
without cortex impingement) because the intramedullary
rod is remarkably smaller than the femoral canal space,
which allows more movement of the rod (20,22). Further,
the degree of actual valgus cutting can be affected by
various factors including the location and size of entry hole,
large tolerance of the cutting slot, and bone quality (23).

There has been a concern about the tendency for valgus
recurrence over time after TKA (21,24). However, there was
no significant change in the alignment of the components
and lower extremity up to 5 years postoperatively in this
study. In addition to acceptable limb alignment and proper
soft tissue balancing, one of the main reasons for no
valgus reoccurrence is that the alignment of the femoral
component and lower extremity were slightly varus with
a fixed VCA of 3°. Another reason is that the follow-up
period of 5 years may be too short to observe recurrence.

Considering the femoral impingement and radius of
the intramedullary rod, the aVCA is considered a reliable
concept to achieve mechanical alignment in valgus knee
arthritis. The use of aVCA, being a customized method, can
further improve the femoral component alignment of each
individual with different anatomy compared to the batch
application of a fixed VCA of 3°. A fixed VCA of 3° can be a
simple method to achieve acceptable mechanical alignment
in JA valgus deformity in which the average of the aVCA is
close to 4°. However, it may not be a reliable method in IA
deformity.

Although the navigation or patient-specific guide has been
used for accurate distal femoral cutting in valgus deformity,
there are limitations in terms of the cost-effectiveness
and long learning curve (4). Huang ez 4/. showed similar
coronal and sagittal femoral component position in TKAs
using navigation and conventional instruments in patients
with advanced valgus knee arthritis (25). A previous study
suggested the use of AMA-A with medialization of entry
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for the intramedullary rod to achieve proper mechanical
alignment in TKA for valgus deformity (4). However,
their method also had a limitation in how long the entry
point medialized from the knee center intraoperatively; the
distance for medialization was determined in a preoperative
radiograph, and the radiographic distance might be
different with intraoperative distance due to radiographic
magnification (26). In addition, there was a bone defect at
the medial femoral condyle, which could be a risk factor
for postoperative or intraoperative fracture (27). Although
the defect could be filled with resected bone, it would be
technically demanding and make operative time delay. It is
thought that the central entry point for the intramedullary
rod with the aVCA will be a convenient, economical, and
practical method.

The present study has several limitations. First, this was
a retrospective study with low level of evidence. To obtain
more robust data, prospective studies are required. Second,
the sample size was relatively small despite adequate power.
Further studies with larger study cohorts are required
for more robust results. Third, all measurements were
assessed using radiographs and not three-dimensional
computed tomography, which allows for corrections for
rotational errors. With a limb rotation of 40°, a VCA can
vary by 1°-2.5° and the HKA angle can vary by up to 5° in
radiographs (3). It could be argued that the use of a three-
dimensional imaging study would be more accurate.
However, concerns regarding radiation exposure and
imaging costs make such studies difficult to perform.
Additionally, special care was taken to control the patient
positioning while performing imaging in this study. Fourth,
two surgeons performed TKAs with two prostheses, which
might be a confounding factor. However, their surgical
philosophies and techniques were similar. Additionally,
the Attune® (Depuy Synthes) prosthesis is a successor of
the PFC® (Depuy Synthes); the concepts of implantation
and instrumentation are similar and the diameters of the
intramedullary rod are the same for both. Fifth, whether
the intramedullary rod was actually impinged during
the surgery of the juxta-medullary deformity was not
confirmed. It would have been better if the impingement of
the intramedullary rod was evaluated using intraoperative
fluoroscopy. Lastly, the procedures were performed by
two experienced surgeons in a tertiary medical center with
only two prostheses. Additionally, the procedures were
performed in Asian patients. Therefore, caution should be
taken when extrapolating our results to other populations.
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Conclusions

Although a fixed VCA of 3° is a reliable method in
achieving mechanical alignment in valgus deformity, it can
be more appropriate in juxta-articular deformity than in
intra-articular deformity. The aVCA is a more reasonable
predictor of femoral component alignment than the
AMA-A, considering the femoral cortex impingement of the
intramedullary rod.
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