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consisted of 21 patients with preoperative varus of 3° or 
more, while group B (non-varus) consisted of 17 patients 
with neutral (− 3 < 0 > + 3) or valgus alignment (> + 3). For 
assessment of TKA component position and orientation, 
3D-reconstructed CT was used. The measurements of the 
deviation from the whole limb mechanical axis (HKA angle) 
and the joint line alignment in the femoral (mLDFA) and the 
tibial side (MPTA) were assessed in the preoperative leg as 
well as during follow-up after TKA. For clinical outcome 
assessment, the Knee Society Score (KSS) was used at 1 and 
2 years postoperatively. Correlation between KSS score and 
each variable was done using a linear and quadratic regres-
sion model (p < 0.05).
Results The mean postoperative HKA angle was − 1.3 
(varus) in the varus group and + 1.4 (valgus) in the non-
varus group. Overall, significant correlations between the 
preoperative and postoperative alignments were found. In 
the preoperatively non-varus group, a highly significant 
correlation was found between neutral limb alignment 
(HKA = 0° ± 3°) and higher KSS (r2 = 0.74, p = 0.00). In the 
varus group, no correlation was found between the postop-
erative whole limb alignment and the components’ position 
in the coronal plane to KSS score.
Conclusion A significant correlation was found between 
neutral limb alignment and higher KSS only in patients with 
preoperative non-varus alignment. The concept of consti-
tutional varus alignment is still under debate. Moreover, it 
appears that one should aim for a more individualized, align-
ment target based on the individual knee morphotype.
Level of evidence Diagnostic study, Level II.

Abstract 
Purpose The optimal coronal alignment is still under 
debate. However, in most of the studies, alignment was only 
assessed using radiographs, which are not accurate enough 
for assessment of tibial and femoral TKA position. The pri-
mary purpose of this study was to assess the relationship 
between coronal TKA alignment using 3D-reconstructed 
CTs and clinical outcome in patients with preoperative varus 
in comparison with patients with natural or valgus deform-
ity. It was the hypothesis that neutral limb alignment shows 
a better outcome after TKA.
Methods Prospectively collected data of 38 patients were 
included. The clinical and radiological follow-up was 
24 months. The patients were grouped into two groups with 
regard to their preoperative limb alignment. Group A (varus) 
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Introduction

Despite numerous advancements in TKA design and sur-
gical technique a considerable number of patients are still 
not satisfied after TKA [3, 7, 14, 17, 35]. It is one of the 
most commonly accepted and well-established principles in 
TKA that one should aim for a neutral mechanical axis [1, 
11, 36]. However, just recently, the importance of a neutral 
mechanical alignment for TKA implant survival and good 
functional outcome has been questioned [4, 18, 31, 38]. 
Based on several studies, it appears that a residual slight 
mechanical varus alignment does not come along with infe-
rior outcomes in patients with preoperative varus alignment. 
Moreover, in some studies, patients with a residual varus 
alignment have even shown superior results [18, 29, 40]. 
Hence, some authors speculated that a neutral mechanical 
alignment might not be the most important factor for every 
patient undergoing TKA [31, 36]. Recently, the concept of 
constitutional varus has been proposed. It was found that a 
considerable number of osteoarthritic knees do not have a 
neutral mechanical alignment, but a varus of 3° or more [4]. 
In another landmark study, patients undergoing TKA with 
preoperative varus deformity had a better clinical and func-
tional outcome when the alignment was left in mild varus 
[40]. However, in most of the studies discussed above, the 
alignment was only assessed using radiographs, which are 
not accurate enough for assessment of tibial and femoral 
TKA position [33]. Radiographs have shown a low accuracy 
and reliability which is due to variation in limb rotation, 
knee extension deficit, patient positioning, or magnification 
factors [15, 37]. Assessment of coronal TKA position should 
be done using 3D reconstructed CT as it is highly reliable. 
3D-CT is considered as gold standard for assessment of 
TKA component position [13, 15].

The primary purpose of this study was to assess the rela-
tionship between coronal TKA alignment using 3D-recon-
structed CTs and clinical outcome in patients with preopera-
tive varus in comparison with patients with natural or valgus 
alignment. It was the hypothesis that neutral limb alignment 
shows a better outcome after TKA.

Materials and Methods

Prospectively collected data of 51 consecutive patients 
who underwent 3D reconstructed CT scans before and 

after primary TKA (Depuy, Synthes, PFC Sigma CR and 
PS, Warsaw, USA) was reviewed. Patients who previously 
underwent any ipsilateral bony knee procedure prior to TKA 
(n = 13) were excluded. Finally, 38 patients were included. 
The clinical and radiological follow-up was 24 months. The 
patients were grouped into two groups with regard to their 
preoperative limb alignment. Group A (varus) consisted of 
21 patients with preoperative varus of 3° or more, while 
group B (non-varus) consisted of 17 patients with neutral 
(− 3 < 0 > + 3) or valgus alignment (> + 3) (Table 1). The 
patients in the preoperative varus group were younger (mean 
65 ± 10 years, median 64, range 45–83 years) than in the 
non-varus group (mean 71 ± 7 years, median 71, range 
59–85 years).

All patients underwent clinical and radiological examina-
tion including standardized radiographs (anteroposterior and 
lateral weight-bearing, patellar skyline view) and CT before 
TKA and at 1 and 2 years postoperatively.

For assessment of TKA component position and orienta-
tion, 3D reconstructed CT was used. The examination was 
performed using a hybrid system (Symbia T16; Siemens, 
Erlangen, Germany), which consists of an integrated full 
diagnostic CT with 16 × 0.75-mm collimation. The CT pro-
tocol was modified according to the Imperial Knee Protocol, 
which is a low-dose CT protocol that includes high-reso-
lution 0.75-mm slices of the knee and 3-mm slices of the 
hip and ankle joints [12]. The protocol minimizes radiation 
exposure by scanning only the relevant regions and only the 
primary joint of interest is scanned in high resolution. In 
addition, the protocol includes an “extended scale” feature, 
which enables the software to extract high-quality surface 
information from the implant by minimizing the effect of the 
metal artifacts [12].

The measurements of the deviation from the whole limb 
mechanical axis (HKA angle) and the joint line alignment 
in the femoral (mLDFA) and the tibial side (MPTA) were 
assessed by an experienced musculoskeletal radiologist, 

Table 1  Comparison between preoperative varus group and non-
varus group

Varus group (n = 21) Non-varus group 
(n = 18)

Age (years) 65 ± 10 (45–83) 71 ± 7 (58–85)
Gender (m:f) 12:9 4:13
Preoperative HKA 

(mean deviation from 
the mechanical axis)

− 6.6 ± 2.2 + 3.5 ± 4.7

Postoperative HKA 
(mean deviation from 
the mechanical axis)

− 1.3 ± 2.5 + 1.4 ± 2.9

Preoperative KSS 123 ± 34 (40–185) 122 ± 32 (51–153)
KSS at 24 months 181 ± 36 (52–200) 180 ± 19 (138–200)
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using a customized software (Orthoexpert v1.15©, Ortho-
ImagingSolutions Ltd., London, UK) in the native pre-
operative leg as well as during the follow-up after TKA 
[41] (Figs. 1, 2). The coronal (varus–valgus) alignment 
was determined with reference to the mechanical axis, 
according to different anatomical landmarks which have 
been previously proven to be available and reliable [34]. 
The 3D-CT scans were corrected with regard to ana-
tomical frames of reference for the patient position in the 

scanner to reduce to errors caused by variation in the limb 
rotation. The mechanical axis of the femur was defined 
as the axis from the center of the femoral head to the 
center of the knee (the midpoint of the transepicondylar 
line). The mechanical axis of the tibia was defined as the 
axis between center of the tibial plateau (or distal to the 
implant) and the talus center while identifying the most 
posterior point on the medial and lateral condyle for a pre-
cise results in the coronal axis [41]. The femoral joint line 

Fig. 1  Example of the preoperative alignment measurement process using a customized image analysis software (Orthoexpert©, London, UK)
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coronal alignment (mLDFA) was measured as the angle 
between a line connecting the components’ distal condyles 
and a line perpendicular to the mechanical axis. The tibial 
joint line coronal alignment (MPTA) was measured as the 
angle between the horizontal face of tibia plateau or the 
TKA component and a line perpendicular to the mechani-
cal axis.

For clinical outcome assessment, the Knee Society Score 
(KSS) was used at 1 and 2 years postoperatively. The KSS 
consists of two parts: a knee score, which rates the knee in 
terms of pain, range of movement, and stability, and a func-
tion score, which rates the ability of the patient to walk, the 
use of ambulatory aids, and the ability to climb stairs [22]. 
In the current study, the total score, which were recorded in 

close proximity to the performed CT, was included for the 
correlation analysis.

Ethical approval was obtained from the local ethical com-
mittee (EKNZ 2015-448). All procedures performed were 
in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Dec-
laration of Helsinki and its later amendments or comparable 
ethical standards. Informed consent was obtained from all 
individual participants included in the study.

Statistical analysis

Mean, median, standard deviations (SD), and range were 
calculated for the patients’ age at TKA, the KSS scores, 

Fig. 2  Example of the postop-
erative alignment measurement 
using Orthoexpert©
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the components’ position in the coronal plane, and for the 
HKA angles. The correlation between the KSS score and 
each variable was done using a linear and quadratic regres-
sion model. The quadratic regression model is able to test 
the hypothesis that outlier of TKA component alignment 
correlate with lower KSS values. Pearson correlations were 
done for correlations between alignment and outcomes. A 
post hoc analysis using G*Power, version 3.1.9 (University 
of Kiel, Germany) showed a sufficient sample size. All data 
were analysed by an independent professional statistician 
using SPSS version 13.0 (SPSS, Chicago, IL, USA.) P val-
ues were two-sided and considered statistically significant 
if smaller than 0.05.

Results

The mean postoperative HKA angle was − 1.3 ± 2.5 (varus) 
in the varus group and + 1.4 ± 2.9 (valgus) in the non-varus 
group. A complete description of pre- and postoperative 
alignment measurement is shown in Table 2. Overall, sig-
nificant correlations between the preoperative and postop-
erative alignments were found (Pearson correlation coef-
ficient 0.52, p < 0.001, Fig. 3). No significant differences 
were found between the groups regarding the total KSS 
score, as well as the knee and functional sub-scores, after 
1- and 2-year follow-up. In the non-varus group, a signifi-
cant correlation, using a quadratic regression model, was 
found between neutral limb alignment (HKA = 0° ± 3°) and 
higher KSS (r2 = 0.74, p = 0.00) (Fig. 4). In the varus group, 
no correlation was found between the postoperative whole 
limb alignment or TKA components’ position in the coronal 
plane and KSS score.

Discussion

The most important finding of this study is that a significant 
correlation between neutral postoperative TKA mechanical 
alignment and better clinical outcomes was found only in 
patients with preoperative non-varus alignment. This finding 
corresponds well with the classical alignment target in TKA 
and with the dichotomous division between “inliers” and 

“outliers”, i.e., patients with more then 3° deviation from 
the neutral position had better functional results [2, 5, 8, 25]. 
However, there is ongoing controversy about the optimal 
TKA alignment for patient satisfaction and implant survi-
vorship [6, 31, 38]. One of the main issues regarding the 
optimal TKA alignment is the conflict which exists between 
the fundamentals TKA laboratory studies and the vast clini-
cal experience which supports natural aliment target, mainly 
due to the equal load distribution, and the recent literature 
reports regarding no correlation between neutral mechanical 
alignment and functional outcomes [20, 29, 30]. Moreover, 
although two large recent studies, by Parratte et al. [31] and 
Bonner et al. [6], with long-term mean follow-up (15 and 
9.8 years, respectively), using long leg radiographs showed 
no higher survival in knees with neutral mechanical align-
ment (0° ± 3°) when compared to an outlier group (> 3°), 
no recommendation for changing the TKA neutral align-
ment target was proposed. However, these studies raised the 

Table 2  Pre- and postoperative 
joint line alignment 
measurements on long leg 
radiographs

Varus group (n = 21) Non-varus 
group 
(n = 18)

Preoperative femoral joint line alignment (mLDFA) 1.6 ± 2.5 3.5 ± 3.5
Postoperative femoral component coronal alignment − 1.3 ± 2.6 1.1 ± 2
Preoperative tibial joint line alignment (MPTA) − 4.5 ± 3.2 − 1.5 ± 2.3
Postoperative tibial component coronal alignment − 1.3 ± 2.1 − 0.5 ± 2.1

Fig. 3  Preoperative and postoperative mechanical limb alignment 
shown for the varus and non-varus group
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hypothesis that given the complex, multidimensional forces 
around the knee joint, it seems reasonable to postulate that 
for any given patient there may be a specific target value 
for postoperative alignment. The numerous different mor-
photypes of the knee should be better characterised. Only 
then, an optimal alignment target for each patient could be 
identified.

Our findings clearly demonstrated that the influence of 
the postoperative alignment on the functional outcome is 
dependent on the preoperative alignment. The relation-
ship between the preoperative and postoperative alignment 
for the success of TKA might be an important part in the 
understanding of the ideal, more individualized, alignment 
target. One explanation for this hypothesis can be found in 
the cadaveric study by Delport et al. [10] as the strains in 
the collateral ligaments closely resembled the preoperative 
pattern of the native knee specimens when constitutional 
alignment was restored. As the soft-tissue tension is impor-
tant for providing neurosensory feedback, taking into con-
sideration the preoperative alignment might influence the 
patients’ satisfaction [16, 23].

Second, no correlation was found between postoperative 
varus alignment and better clinical outcomes in patients 

with preoperative varus alignment. These findings contra-
dict the previous studies which argued that patients with 
preoperative varus might need different alignment target and 
that restoring the mechanical axis to mild varus might lead 
to better results in this subgroup [40]. The debate on the 
effect of the postoperative varus on the patient satisfaction 
is especially important given that it is long considered to be 
devastating in terms of implant survival [21, 26]. Recent 
studies suggested that there might be a conflict of interest 
between patient satisfaction and implant survivorship [39, 
40]. In the basic science studies, overall varus alignment or 
tibia varus positioning was associated with increased stress 
in the medial compartment and increased wear of polyeth-
ylene inlay [9, 19, 28, 32]. While most studies found no 
correlation of patient satisfaction with long leg alignment 
measured on long leg radiographs, Vanlommel et al. [40] 
showed superior clinical outcome when restoring the over-
all mechanical axis to 3°–6° varus. However, only patients 
with preoperative varus of more then 3° were included. The 
author’s explanation was that at least part of those patients 
had a prearthritic “constitutional varus” and undercorrection 
to this approximate alignment could be a more physiologi-
cal option. In our work, these findings were not confirmed. 
Using 3D-CT scans pre- and postoperatively it was found no 
correlation between the postoperative overall alignment, as 
well as TKA component position with patients’ satisfaction 
during 2 years of follow-up. Based on our findings and cur-
rent evidence, the concept of constitutional varus alignment 
is still not proven and it is not recommended to aim for varus 
alignment in patients with preoperative varus patients [18, 
20, 27].

Finally, it was shown that although the pre- and postop-
erative whole limb alignments were significantly different 
between the groups, no difference in KSS scores was found. 
This finding is in agreement with previous findings [24, 40]. 
The preoperative alignment correlated with the postopera-
tive alignment, i.e., more varus knees were corrected into 
varus and more valgus knees into valgus, although the target 
was neutral mechanical axis in all the cases. Hence, during 
TKA surgery, the surgeon tends to slightly undercorrect the 
knee, probably to avoid excessive alteration of soft-tissue 
tension.

The present study bears a number of limitations to be con-
sidered. The major limitation is the relatively small number 
of patients included. Moreover, as only few patients had low 
KSS scores, the correlation that was found in the non-varus 
group was based on few isolated cases. Larger case series are 
defiantly needed to clarify the relationship between the pre-
operative limb alignment and the patients’ satisfaction rate.

The clinical relevance of the current article is represented 
by the fact that, this is the first study, which tested the rela-
tionship between the preoperative and postoperative coronal 
alignment and the patients’ satisfaction using 3D-CT scan.

Fig. 4  Correlation between the postoperative limb alignment and the 
KSS score in a “varus” group and b non-varus group
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Conclusion

A significant correlation was found between neutral limb 
alignment and higher KSS only in patients with preoperative 
non-varus alignment. The concept of constitutional varus 
alignment is still under debate. Moreover, it appears that one 
should aim for a more individualized, alignment target based 
on the knee morphotype.
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