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varus alignment result in varus progression in limb alignment 
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Abstract
Purpose  The aim of this study was to examine and evaluate the factors associated with changes in limb alignment 10 years 
after total knee arthroplasty (TKA). The hypothesis was that bone morphology and immediate postoperative alignment could 
be correlated with long-term post-operative alignment changes following TKA.
Methods  This study retrospectively analysed 136 consecutive primary TKA cases for varus deformity, performed from 2006 
to 2008, that could be followed for at least 10 years postoperatively. Anteroposterior long-leg weight-bearing radiographs 
were obtained within 1 month and at least 10 years after surgery. The hip–knee–ankle (HKA) angle immediately after surgery 
was compared with that 10 years later; factors correlating with the change in HKA angle (δHKA) were evaluated.
Results  The mean HKA angles were significantly different between immediate and long-term postoperative assessments 
(0.1° ± 1.9° vs. 1.2° ± 2.9°, p < 0.001). Furthermore, a significant difference was observed in the outlier ratio (> 3° deviation 
from the 0° of HKA angle) (10% vs. 24%, p = 0.002). δHKA strongly correlated with a higher preoperative tibial plateau 
tip-to-proximal tibial shaft (TPTPS) angle, higher postoperative HKA angle, lateral distal femoral angle, and lower postop-
erative medial proximal tibial angle.
Conclusion  Varus deformity in the proximal part of the tibia, immediate postoperative varus alignment, and varus position 
of the femoral and tibial components may lead to varus progression in limb alignment in the long term, even 10 years after 
TKA; the surgeon should, therefore, weigh the risks of leaving a varus alignment during surgery. Moreover, if the preopera-
tive TPTPS angle is high, the alignment may become varus after TKA, even in patients who have acquired neutral alignment.
Level of evidence  IV.
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Introduction

Postoperative neutral limb alignment has generally been 
considered a prerequisite for successful total knee arthro-
plasty (TKA) [6]. Despite obtaining a neutral mechani-
cal alignment, such as a hip-knee-ankle (HKA) angle of 
0° after TKA, a low patient satisfaction score of 57.5% 
has been reported [13]. Bellemans et al. have stated that 

a physiologically normal human has a varus alignment 
of > 3°, termed as constitutional varus, the incidence being 
approximately 32% in men and 17% in women [3]. A study 
further suggested that the incidence of constitutional varus 
is higher in Asian than in Western nations (40% in men and 
28% in women) [14]. Moreover, for patients with constitu-
tional varus, the aforementioned study indicated that restor-
ing neutral alignment after TKA might be unnatural and 
would result in excessive medial soft tissue release. A novel 
classification for the phenotype of the coronal lower limb 
alignment in young osteoarthritic knees has been introduced 
and 40% of the study group showed neutral alignment only 
[7]. Furthermore, only 5.6% men and 3.6% women were 
found with a knee phenotype representing neutral alignment 
for both femur and tibia, which is the target of mechanically 
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aligned TKA [7, 8]. Vanlommel et al. showed that patients 
with preoperative varus limb alignment had better clinical 
and functional outcome scores when mild varus alignment 
was retained than when corrected to the neutral position 
[21]. Furthermore, Slevin et al. demonstrated no correlation 
between neutral postoperative TKA mechanical alignment 
and better clinical outcomes using three-dimensional com-
puted tomography (3D-CT) in patients with a preoperative 
varus of 3° or more [19].

However, the abovementioned phenomenon remains 
controversial. There are several reasons why surgeons can-
not concur on the best alignment method. As reported by 
Hirschmann et al., described above, the phenotype varies 
across individuals [7], and it is difficult to target a unified 
alignment for all patients. Another reason is that the imme-
diate postoperative alignment obtained after TKA may not 
be preserved in the long term. For example, if the surgeon 
intends to achieve even a slight varus alignment, it may 
become severe varus in the long term, which may affect the 
durability of TKA. Regarding the time-dependent change 
in limb alignment, Matsumoto et al. showed that bone mor-
phology, including an elevation in tibial plateau inclina-
tion, might contribute to the worsening of varus deform-
ity in osteoarthritic knees [14]. Park et al. reported that the 
mean change in mechanical axis between examinations in 
the immediate postoperative period and 10 years later was 
greater in the outlier group (> 3° deviation from neutral 
alignment) than in the acceptable group (within ± 3° from 
neutral alignment) [16]. Thus, unknown factors may influ-
ence the change of lower limb alignment after TKA in the 
long term.

Therefore, this study aimed to examine the change in limb 
alignment 10 years after TKA and to evaluate factors cor-
related with this change. The hypothesis was that postop-
erative limb alignment may change with varus progression 
10 years after TKA, and the change may correlate with bone 
morphology and immediate postoperative alignment. This is 
the first study to evaluate long-term alignment changes and 
related factors, and is expected to aid surgeons in determin-
ing the optimal alignment to aim for.

Materials and methods

A consecutive group of 185 primary mechanically aligned 
TKA was performed on 172 patients during the period from 
2006 to 2008, were screened. To ensure fair radiographic 
assessment, patients with preoperative neutral or valgus 
alignment (6 patients), osteoarthritis from other aetiologies 
(e.g., post-traumatic, rheumatoid, or inflammatory arthritis) 
(4 patients), severe bony defects needing bone grafting/aug-
mentation or revision surgeries owing to infection during fol-
low-up (1 patient), or postoperative flexion contracture > 5° 

(3 patients) were excluded. The remaining 158 patients (168 
TKAs) met the inclusion criteria. Among them, 130 patients 
(136 TKAs) could be followed for 10 years after surgery. 
Two patients died. Twenty-six patients were lost to follow-
up. None of these patients experienced implant loosening.

Therefore, 136 TKAs in 130 patients with varus osteo-
arthritis (96 women and 34 men; mean age, 74.6 [49–90] 
years) were retrospectively included in this study. Patients 
underwent TKA using posterior-stabilised prostheses (Nex-
gen LPS Flex, Zimmer, USA [n = 64]; PFC Sigma, DePuy 
Synthes, USA [n = 35]; e-motion PS, B. Braun Aesculap, 
Germany [n = 11]) and cruciate-retaining implants (Nex-
gen CR Flex [n = 10]; e-motion CR [n = 16]). Patients had 
a mean preoperative coronal alignment of 12.6° (1.0–27.3; 
NEUHKA0° [n = 3], VARHKA3° [n = 10], VARHKA6° [n = 13], 
VARHKA > 9° [n = 111] [7]) in terms of the HKA angle, and 
the minimum follow-up period was 10 years. The surger-
ies were performed by a single surgeon with more than 
10 years of experience with mechanically aligned TKA. 
This study was approved by the Institutional Review Board 
of the authors’ affiliated institutions (identification number: 
1510), and informed consent was obtained from all patients.

Radiological assessment

All preoperative and postoperative anteroposterior long-leg 
weight-bearing radiographs were obtained according to a 
previously reported standardised protocol [4]. To obtain 
long-leg weight-bearing radiographs, the patient’s patella 
was placed forward, and ankle was in the neutral position 
to unify the rotation. The patients were always instructed 
to stand upright with fully extended knees with the heels 
and greater toes in contact. The x-ray beam was directed 
perpendicular to the detector and centred on the knee from 
a distance of 2 m. Voltage and current were set at 200 mA 
and 85 kV, respectively. The preoperative radiographs were 
obtained within 1 month before surgery. The postopera-
tive radiographs were taken within 1 month after surgery 
(immediate postoperative) and at least 10 years after sur-
gery (long-term postoperative). The HKA angle, which is 
the angle between a line connecting the hip centre and the 
knee centre and another line connecting the knee centre and 
the ankle centre, was measured. The hip centre was defined 
as the centre of a circle that fits the contour of the femoral 
head. Preoperatively, the knee centre was set as the intersec-
tion of the midline between the femoral condyles and the 
tip of the tibia, and the midline between the tibial spines 
(Fig. 1a, b). Postoperatively, the knee centre was determined 
as the intersection of the midline between the condyles of 
the femoral component and the tip of the tibial component, 
and the midline of the polyethylene inlay (Fig. 1c, d). The 
ankle centre was defined as the middle of the talus roll at the 
level of the joint gap. Furthermore, the lateral distal femoral 
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angle (LDFA) and medial proximal tibial angle (MPTA) 
were measured preoperatively and immediately after sur-
gery (Fig. 1b, d). Preoperatively, the LDFA was defined as 
the angle between the femoral transcondylar tangent and the 
mechanical axis of the femur, and the MPTA was defined 
as the angle between the tibial articular marginal line and 
the mechanical axis of the tibia (Fig. 1b). Postoperatively, 
LDFA was calculated between the line parallel to the femo-
ral component and the mechanical axis of the femur. MPTA 
was measured between the line parallel to the tibial baseplate 
and the mechanical axis of the tibia (Fig. 1d). To assess the 
preoperative bone morphology of the proximal tibia, based 
on a previous study, the tibial plateau tip-to-proximal tibial 
shaft (TPTPS) angle was defined as the angle between the 
line from the tip of the tibial plateau to the midpoint of the 
tibial shaft, 7.5 cm distal to the tibial plateau and the proxi-
mal tibial shaft line (Fig. 1e) [14].

Evaluation and statistical analysis

The HKA angle measured 10 years after TKA was com-
pared with that measured immediately after TKA using the 
paired student t test. According to previous studies, neutral 
alignment is set at ± 3° of the mechanical axis [15], and tra-
ditionally, surgeons have performed surgery with the tar-
get of neutral alignment. Therefore, more than 3° deviation 
from an HKA angle of 0° (HKA angle, either < 3° or > 3°) 
was defined as an outlier and the outlier ratio was compared 
between the two groups using the chi-squared test.

The change in HKA angle (δHKA angle; long-term 
postoperative minus immediate postoperative) was noted. 
Pearson’s correlation coefficient and simple linear regression 

analyses were performed to determine the association of 
δHKA angle with multiple factors including age, body mass 
index (BMI), preoperative TPTPS angle, and preoperative 
and postoperative LDFA, MPTA, and HKA angle. Further-
more, multiple linear regression was performed with inde-
pendent factors that were found to correlate significantly in 
the simple linear regression analysis.

To examine the reproducibility of this method, two 
observers measured the HKA angle, LDFA, MPTA, and 
TPTPS angle twice, with a 2-month interval, using a subset 
of 20 cases. Intra-observer and inter-observer reliabilities 
were evaluated with the intra-class correlation coefficient 
(ICC). Intra-observer reliability of the ICCs for intra- and 
inter-observer reliability were > 0.8 (range 0.82–0.94) for all 
measurements (Table 1). Based on the reliability observed 
above, measurements made by a single investigator were 
used in the analyses.

The data are shown as means ± standard deviations. Data 
analyses were performed using PASW Statistics 21 (SPSS, 
Chicago, IL). A value of p < 0.05 represented a statistically 
significant difference. A power analysis indicated that a min-
imum sample size of 115 subjects would be required using 
G*Power version 3.121, when alpha was set as 0.05, power 
(1 − β) at 0.95, and with a correlation ρH1 of 0.3 for simple 
linear regression [2].

Results

The mean HKA angles were significantly different between 
the immediate and long-term postoperative assessments 
(+ : varus alignment; −: valgus alignment, 0.1° ± 1.9° vs. 
1.2° ± 2.9°, p < 0.001), and the HKA angle ranged between 
− 3.1° and 13.0° (1.1° ± 2.3°). The incidence of outliers was 
14 of 136 (10%) immediately after surgery and 33 of 136 
(24%) at ≥ 10 years postoperatively; a significant difference 
was observed between the two groups (p = 0.002) (Fig. 2).

The values of factors evaluated for correlation with 
δHKA are shown in Table 2. Pearson’s correlation analy-
sis and simple linear regression analyses demonstrated 

Fig. 1   a Radiographs showing the measurements of preoperative hip-
knee-ankle (HKA) angle, lateral distal femoral angle (LDFA) and 
medial proximal tibial angle (MPTA). b Postoperative HKA angle, 
LDFA and MPTA. c Preoperative tibial plateau tip-proximal tibial 
shaft (TPTPS) angle

Table 1   Intraclass correlation coefficients for intra- and inter-
observer reliability

Variable Intra-observer Inter-observer

Preoperative TPTPS angle 0.87 0.84
Preoperative LDFA 0.88 0.82
Preoperative MPTA 0.92 0.84
Preoperative HKA angle 0.89 0.86
Postoperative LDFA 0.88 0.83
Postoperative MPTA 0.94 0.86
Postoperative HKA angle 0.90 0.86
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that the δHKA was positively correlated with the preop-
erative TPTPS angle (R = 0.29, p < 0.001), postoperative 
LDFA (R = 0.21, p = 0.014), and postoperative HKA angle 
(R = 0.47, p < 0.001), and negatively correlated with postop-
erative MPTA (R = − 0.40, p < 0.001) (Fig. 3). Correlation 
with other factors was not found in the present study.

Furthermore, multivariate linear regression analyses 
showed that significant linear relationships between δHKA 
and preoperative TPTPS angle and postoperative LDFA and 
MPTA were maintained (Table 3). The postoperative HKA 
angle, which may affect the postoperative LDFA and MPTA, 
was excluded from the independent variables.

Discussion

The most important findings of the present study were that 
the HKA angle significantly changed with varus progres-
sion 10 years after TKA and that the change correlated 
with a higher preoperative TPTPS angle, higher postop-
erative LDFA and HKA angle, and lower postoperative 
MPTA, suggesting that varus deformity in the proximal 

part of the tibia, immediate postoperative varus alignment, 
and the varus position of the femoral and tibial compo-
nents may lead to varus progression in limb alignment in 
the long term after TKA.

Recently, many studies have reported that mechanical 
alignment is inadequate for predicting knee prosthetic 
loading during gait, knee function, and long-term TKA 
implant survival [8, 18] and have suggested alternative 
anatomical surgical techniques [1]. TKA targeting under-
corrected alignment has attracted attention as one of the 
techniques, since Bellemans et al. advocated the concept of 
“constitutional varus” [3]. Following the trend, favourable 
clinical outcomes in postoperative mild varus alignment 
after TKA were shown in patients with preoperative varus 
osteoarthritis after a mean follow-up period of 7.2 years 
and 3.6 years by Vanlommel et al. [21] and Nishida et al. 
[15] respectively. However, these assessments of postop-
erative radiographs were single time-point analyses and 
were not conducted over time. Therefore, it is unclear how 
postoperative alignment changes after surgery, making 
it difficult for the surgeon to set an acceptable range for 
allowing varus alignment with regard to predicting long-
term clinical results and survivorship. In addition, a sys-
tematic review by Riviere et al. reported that few studies 
have assessed long-term survivorship after the preserva-
tion of slight or moderate constitutional deformity follow-
ing TKA and concluded that a longer follow-up period 
was needed to define the best indication for an alternative 
surgical technique to conventional mechanically aligned 
TKA [17]. In the present study, significant varus progres-
sion was noted, and the outlier rate increased 10 years after 
surgery. δHKA was up to 13°, and in some individuals, 
the alignment may change to higher values over a long 
term period even with conventional mechanically aligned 
TKA, suggesting that the indications for targeting under-
correction during TKA should be carefully considered.

Fig. 2   Distribution of postoperative hip-knee-ankle (HKA) angle

Table 2   The values of factors evaluated for correlation with δHKA

The data are expressed as mean ± SD values and range

Variable Value

Age (years) 74.6 ± 6.9 (49 to 90)
BMI (kg/m2) 26.1 ± 4.1 (17.1 to 44.8)
preoperative TPTPS angle (°) 5.5 ± 4.6 (− 2.3 to 20.0)
Preoperative LDFA (°) 87.9 ± 2.9 (82.5 to 106.6)
Preoperative MPTA (°) 84.8 ± 3.3 (76.3 to 91.0)
Preoperative HKA angle (°) 12.6 ± 5.8 (1.0 to 27.3)
Postoperative LDFA (°) 89.1 ± 2.2 (84.4 to 96.0)
Postoperative MPTA (°) 89.7 ± 1.8 (84.0 to 95.0)
Postoperative HKA angle (°) 0.1 ± 1.9 (− 4.5 to 5.6)
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In order to assess the risk factors for the aforementioned 
cases, simple and multivariate linear regression analyses 
were performed in this study and showed that the preopera-
tive TPTPS angle, and postoperative LDFA, HKA angle, 
and MPTA were significantly associated with varus progres-
sion following TKA. Matsumoto et al. demonstrated that the 
TPTPS angle increased with the degree of varus deformity, 
whereas the tibial proximal–distal shaft angle did not change 
significantly in subjects with osteoarthritis, indicating that 
the tibial deformation in moderate-stage osteoarthritis origi-
nates from the proximal part of the tibia rather than from the 
shaft [14]. Even during the long-term period after TKA, the 
TPTPS angle indicative of proximal tibia deformation was 

significantly influenced by varus progression, while there 
was no significant association with the MPTA calculated 
from the tibial shaft. However, patients who undergo TKA 
have severe osteoarthritis, unlike the moderate osteoarthritis 
reported by Matsumoto et al. [14], and it is unlikely that the 
TPTPS angle will increase further after surgery. Thus, our 
findings suggest that the patients with varus deformity in 
the proximal tibia experienced mild migration due to higher 
medial compression in contrast to those without this deform-
ity. In clinical practice, it is difficult to assess the tibial proxi-
mal axis, as surgeons generally perform osteotomy refer-
ring to the tibial shaft axis during TKA. Hence, the surgeon 
should measure the TPTPS angle for preoperative planning.

Surgical strategies for patients with high TPTPS angles 
are controversial. Since the alignment in these patients may 
progress to varus in the long-term period, and even if mild 
varus alignment is gained intra-operatively, the alignment 
may demonstrate even more varus progression, which may 
cause implant loosening. However, neutral alignment (an 
immediate postoperative HKA angle of 0.05° ± 1.92°) was 
the aim in this study, and even patients that acquired neutral 
alignment progressed to varus deformity if the TPTPS angle 
was high. Therefore, considering that immediate neutral 

Fig. 3   The correlation of δ hip-knee-ankle (HKA) angle with preoperative tibial plateau tip-proximal tibial shaft (TPTPS) angle and postopera-
tive lateral distal femoral angle (LDFA), medial proximal tibial angle (MPTA), and HKA angle

Table 3   Multiple linear regression analysis for associations with 
δHKA

Asterisk marks indicate statistical significance

Variable F statistics P value

Preoperative TPTPS angle 9.5982 0.002*
Postoperative LDFA (°) 3.9609 0.049*
Postoperative MPTA (°) 22.5326 < 0.001*
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alignment with a high TPTPS angle eventually progresses 
to varus in the long-term period, a high preoperative TPTPS 
angle may be a good indication for preserving mild varus 
alignment such as in kinematically aligned TKA [9].

Teeter et al. reported that increased varus in the tibial 
component resulted in growing implant migration and that 
overall postoperative varus limb alignment was correlated 
with isolated lateral compartment lift-off, which occurs 
more commonly than in neutral alignment 10 years after 
TKA [20]. However, Lee et al. advocated that varus mal-
positioning of the femoral component was the main cause 
of the varus outliers in limb alignment and was a risk factor 
for aseptic revision compared with neutral femoral position-
ing after a mean follow-up of 8 years [12]. In addition, the 
aseptic loosening was reported to occur most commonly on 
the tibial side, and it was argued that varus mal-positioning 
of the femoral component may affect tibial loosening. Both 
simple and multiple linear regression analyses in our study 
showed that immediate postoperative varus limb alignment 
and varus positioning of both the femoral and tibial com-
ponents were associated with varus progression of limb 
alignment 10 years after TKA. The above evidence and our 
findings suggest that these three factors may be mutually 
influential and are independent factors that lead to increased 
varus mal-alignment. Although several studies have reported 
that varus mal-positioning of the tibia increases failure rates 
[11], good long-term survivorship of kinematically aligned 
TKA, in which a tibial component was placed more varus 
than in a mechanically aligned TKA, has recently been 
reported [9]. The reason for this is that the valgus position-
ing of the femoral component may weaken the effects of the 
femoral side of the tibia. However, the varus alignment of 
the tibial component may progress independently; hence, the 
changes in the alignment of kinematically aligned TKA over 
time should be evaluated in the future.

Our study had several limitations. First, it included 
patients who underwent posterior-stabilised and cruciate-
retaining TKAs. However, since a previous study demon-
strated no statistically significant difference in radiographic 
alignment between the two prostheses postoperatively [10], 
it is believed that there was no difference in outcomes due 
to the design variation. Second, this study included several 
types of implants, and the influence of each implant on 
alignment needs to be evaluated in future. Third, the pro-
portion of women is higher than that of men in this study. 
As reported by Hirschmann et al. [7], knee phenotypes are 
different between women and men, which may affect the 
alignment change after TKA. In future, research to analyse 
the sex ratio in this regard will be necessary. Fourth, clini-
cal scores were not assessed in this study. The long-term 
changes in alignment and the risk factors shown in the pre-
sent study may affect clinical outcomes. Hence, the evalua-
tion of clinical scores is necessary in future studies. Fifth, all 

assessments were made using long-leg standing radiographs, 
which may be affected by rotation of the standing position. 
However, recently, Boonen et al. demonstrated the good reli-
ability and validity of measurements using long-leg radiog-
raphy compared with 3D-CT [4]. Therefore, we believe our 
results were not affected by the chosen imaging modality. 
Sixth, soft tissue balance which may affect postoperative 
alignment [5] was not evaluated in this study. In future, 
soft tissue laxity such as the varus-valgus stress test should 
be assessed. Finally, although there were no patients with 
implant loosening in this study, it is yet unknown whether 
the noted progress in varus alignment would be limited to 
mild migration or lead to loosening. Thus, a 15- or 20-year 
follow-up may be required to clarify this issue.

Conclusion

Based on the present study findings, the surgeon should 
ascertain the risks of leaving a varus alignment during 
surgery considering the possibility of potential varus pro-
gression in the long term. Furthermore, if the preoperative 
TPTPS angle is high, the alignment, even in patients who 
have acquired neutral alignment, may progress to varus after 
TKA. Our findings are expected to aid surgeons in determin-
ing the optimal alignment to aim for, when performing TKA.
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