
Vol:.(1234567890)

Knee Surg Sports Traumatol Arthrosc (2018) 26:1506–1514
DOI 10.1007/s00167-017-4507-9

1 3

KNEE

No impact of under-correction and joint line obliquity on clinical 
outcomes of total knee arthroplasty for the varus knee

Richard D. Rames1 · Michael Mathison1 · Zachary Meyer1 · Robert L. Barrack1 · 
Denis Nam2 

Received: 20 October 2016 / Accepted: 1 March 2017 / Published online: 15 March 2017 
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2017

(r = 0.03–0.1) and mMPTA (r = 0.02–0.1) from preopera-
tively to postoperatively with clinical outcomes.
Conclusions In patients undergoing TKA for a preop-
erative varus deformity, a specific postoperative HKA 
or mMPTA alignment category was not associated with 
improved outcomes. Therefore, categorization of optimal 
postoperative alignment after TKA may not be possible 
as static, coronal alignment is just one of many variables 
that can impact clinical outcomes. Future investigations 
focusing on the combination of static images with dynamic 
examinations and ligamentous balancing may shed further 
insight into the controversy and importance of coronal 
alignment following TKA.
Level of evidence III.

Keywords Total knee arthroplasty · Varus · Under-
correction · Joint line obliquity · Outcomes

Introduction

Despite its long-term survivorship and clinical success, it 
has been reported that 15–30% of patients remain “dissatis-
fied” following primary total knee arthroplasty (TKA) [5, 
24, 27]. Furthermore, a substantial percentage of patients 
report persistent symptoms including pain, stiffness, and 
noise following total knee arthroplasty [22, 27].

Traditionally, the success of TKA has been accepted 
to be dependent on achieving a neutral lower extremity 
mechanical hip-knee-ankle (HKA) axis within 3° of neutral 
and tibial and femoral component positions perpendicular 
to the mechanical axis in the coronal plane [4, 6, 7, 19, 30]. 
However, recent studies have challenged the importance of 
a neutral postoperative alignment on outcomes following 
TKA [3, 11, 13, 14, 26]. Parratte et al. in a review of 398 

Abstract 
Purpose It has been hypothesized that under-correction 
of a preoperative varus deformity may be more natural and 
improve outcomes after total knee arthroplasty (TKA). 
This study’s purpose was to assess the impact of hip-knee-
ankle (HKA) alignment and joint line obliquity on TKA 
outcomes for the varus knee.
Methods All patients with a preoperative varus deform-
ity received both preoperative and postoperative stand-
ing, full-length radiographs from which two independent 
observers performed radiographic measurements including 
the HKA axis and mechanical medial proximal tibial angle 
(mMPTA). Patients were categorized based on their HKA 
into neutral (0° ± 3°), mild varus (−6° to −3°), severe 
varus (≤ −6°), and valgus (>3°) cohorts, and separately 
categorized based on their mMPTA into neutral (90° ± 
2°), mild varus (86°–88°), severe varus (<86°), and valgus 
(>92°) cohorts.
Results Two hundred and fifty-six patients (mean age 
63.8 ± 9.0 years, BMI 33.0 ± 6.2 kg/m2, follow-up 1.3 ± 0.6 
years) were included. There was no difference in the post-
operative SF-12 physical component, mental compo-
nent, Oxford knee, Forgotten Joint Score, or incremental 
improvement in scores based on the postoperative align-
ment category for either the HKA or mMPTA. There was 
no correlation between the magnitude of change in HKA 
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TKAs demonstrated no improvement in the fifteen-year 
implant survival rate in patients with or without a post-
operative HKA axis within 0° ± 3°, questioning the util-
ity of defining alignment as a dichotomous variable [26]. 
Recently, Van Lommel et  al. retrospectively reviewed a 
cohort of 132 patients with a preoperative varus alignment 
and noted patients to have improved functional outcome 
scores and equivalent implant survivorship if their overall 
HKA alignment was left in mild varus (between 3° and 6°) 
versus those corrected to neutral (0° ± 3°) [33]. Further-
more, the concept of the “kinematically aligned” TKA has 
been introduced, with the goal to align the angle and level 
of the distal and posterior joint lines of the femoral compo-
nent and joint line of the tibial component to those of the 
native knee [13]. Mid-term results of the kinematic align-
ment technique have been encouraging [10–13].

Therefore, several recent reports have questioned the 
long-held tenet of targeting a neutral HKA alignment in 
TKA. However, the true impact of overall HKA align-
ment and joint line obliquity on outcomes following TKA 
requires further investigation. In addition, it remains 
unclear whether the overall HKA alignment or the orienta-
tion of the joint line has a greater impact on clinical out-
comes. The purpose of this study is to assess the impact 
of overall HKA alignment and joint line obliquity on out-
comes following TKA for patients with a preoperative 
varus deformity. Our hypothesis is that in patients with a 
preoperative varus alignment, under-correction of the varus 
deformity and implantation of the tibial component in 
slight varus will improve short-term functional outcomes.

Materials and methods

This study was a retrospective review of prospectively 
collected data performed at a single institution. Patients 
undergoing primary total knee arthroplasty between 2011 
and 2015 were reviewed. Two fellowship-trained joint 
replacement surgeons performed all TKAs. Inclusion crite-
ria were patients greater than 18 years of age with a his-
tory of osteoarthritis or rheumatoid arthritis that received 
a primary TKA, and had both preoperative and postopera-
tive weight-bearing, standing, full-length hip-knee-ankle 
radiographs available for review. Exclusion criteria were a 
prior history of traumatic fracture to the ipsilateral femur, 
knee, or tibia, neuromuscular disorders, patients unable to 
stand for examination, the absence of adequate preopera-
tive and postoperative HKA radiographs, and those with a 
preoperative HKA valgus alignment. The study population 
consisted only of patients with a preoperative varus HKA 
alignment. All patients received a TKA with the use of an 
intramedullary femoral and extramedullary tibial alignment 

guide to perform the distal femur and proximal tibia resec-
tions, respectively.

All patients received both a preoperative and postopera-
tive weight-bearing, standing, full-length hip-knee-ankle 
radiograph using either a classic HKA roentgenogram 
taken on a long cassette or a 2-dimensional HKA image 
obtained using an EOS X-Ray Imaging Acquisition System 
(EOS Imaging Inc., Paris, France). Hip-knee-ankle roent-
genograms were obtained using a 14 × 51 inch cassette cen-
tred at the knee joint, with the patellae facing forward and 
the legs in full extension. The EOS system was also used to 
acquire standing hip-to-ankle images in patients, but only 
the 2-dimensional image obtained was analysed as it corre-
sponds to a standing full-length radiograph obtained using 
conventional radiography [31, 32]. The decision to obtain 
a classic HKA roentgenogram or EOS image was solely 
based on the clinic site at which the patient was seen, as 
the EOS system was only available at one of our outpatient 
clinic sites.

Two independent observers performed radiographic 
measurements. The femorotibial angle (FTA), mechanical 
lateral distal femoral angle (mLDFA), mechanical medial 
proximal tibial angle (mMPTA), and hip-knee-ankle 
(HKA) axis were measured for all preoperative and post-
operative radiographs. The FTA was the angle between the 
anatomic femoral axis and the anatomic tibial axis. The 
anatomic femoral axis was defined as the line connecting 
the midpoint of the endosteal cortices of the femoral isth-
mus to the midpoint of the femur 10  cm proximal to the 
joint line. Similarly, the anatomic tibial axis was defined as 
the line connecting the midpoint of the midshaft of the tibia 
to the midpoint of the tibia 10 cm distal to the joint line [20, 
28]. The mechanical femoral axis was defined as the line 
connecting the centre of the femoral head, as determined 
by a best-fit circle, and the midpoint of the widest dimen-
sion of the distal femur. The mechanical tibial axis was 
defined as the line connecting the centre of the tibial spines 
to the centre of the talus. The mMPTA was the medial 
angle between the mechanical tibial axis and the joint line 
of the proximal tibia. For the native knee, this was the line 
that connects the highest points of the medial and lateral 
tibial plateaus. After TKA, the joint line was set parallel 
to the inferior aspect of the tibial component’s metal tray. 
The mLDFA was defined as the lateral angle between the 
mechanical femoral axis and the joint line of the distal most 
aspects of the medial and lateral femoral condyles for both 
the native and replaced knees [23] (Fig. 1). The HKA was 
determined as the angle between the mechanical axes of the 
femur and tibia [2]. The HKA was expressed as a deviation 
from 0°, with varus assigned a negative value and valgus a 
positive value (Fig. 2). Lastly, the zone of the mechanical 
axis (ZMA) was measured for each patient postoperatively, 
which is the zone through which the line connecting the 
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centre of the femoral head to the centre of the ankle passes 
when the tibial baseplate is divided into five equal zones 
as described by Kennedy and White [17]. For convention, 
zone 0 was considered medial to the tibial baseplate, and 
zone 6 lateral to the tibial baseplate, with zones 1 through 5 
equally dividing the tibial baseplate from a medial to lateral 
direction (Fig. 3).

Baseline demographics including age (years), body mass 
index (BMI: kg/m2), and gender were recorded. SF-12 
physical component (PCS) and mental component (MCS) 
[34], and Oxford knee scores [9] were obtained for each 
patient preoperatively and at the most recent follow-up 
visit. In addition, the Forgotten Joint Score [1] was recorded 
for patients at their most recent follow-up visit. This was 
an Institutional Review Board (IRB)-approved investiga-
tion (Washington University School of Medicine, St. Louis, 
Missouri, USA; IRB approval number 201101880).

Statistical analysis

To assess the impact of postoperative HKA alignment 
on clinical outcomes, patients were first divided into four 
groups based on their postoperative HKA alignment: neu-
tral (HKA of 0° ± 3°), mild varus (−6° < HKA < −3°), 
severe varus (HKA ≤ −6°), and valgus (HKA >3°) [33]. 

Fig. 1  Postoperative radiographs demonstrating measurement of 
tibial and femoral component alignment relative to each respective 
mechanical axis. The tibial component was measured to be in 1.5° of 
varus (a) and the femoral component in 1.6° of varus (b)

Fig. 2  Postoperative radiograph 
demonstrating measurement of 
the hip-knee-ankle alignment. 
This lower extremity was meas-
ured to be in 3.1° of mechanical 
varus

Fig. 3  Postoperative radiograph demonstrating measurement of the 
zone of the mechanical axis. The vertical line represents the axis 
drawn from the centre of the femoral head to the centre of the ankle, 
which passes through zone 2 in this patient
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Further analyses were performed dividing the “neutral” 
HKA cohort into varus/neutral (0° > HKA ≥ −3°) and val-
gus/neutral (0° < HKA ≤ 3°) subgroups, and also strictly 
comparing patients with a postoperative varus (HKA <0°) 
versus valgus (HKA >0°) alignment. Similarly, patients 
were also divided into four groups based on their post-
operative tibial component alignment measured as the 
mMPTA: neutral (90° ± 2°), mild varus (86°–88°), severe 
varus (<86°), and valgus (>92°). Comparisons were also 
performed after categorizing patients based on their post-
operative ZMA measurement. Baseline demographics and 
clinical outcomes measures were compared amongst the 
groups using χ2 tests for categorical variables and non-par-
ametric Kruskall–Wallis tests for continuous variables with 
a p value < 0.05 considered statistically significant. All tests 
were two sided. SAS 9.1 (SAS Institute Inc., Cary, NC, 
USA) was used for all statistical procedures.

Correlation coefficients were performed to compare 
radiographic measurements amongst the two independ-
ent observers and were graded using previously described 
semiquantitative criteria: excellent for 0.9 ≤ r ≤ 1, 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 r ≤ 0.24 [21]. In addi-
tion, intra-observer correlation coefficients were calcu-
lated for each observer as they performed two measure-
ments for each radiograph at a minimum of two weeks 
apart. Correlation coefficients were also used to assess if 

the difference between the preoperative and postoperative 
HKA (alignment correction), or preoperative and postoper-
ative mMPTA (alteration of the joint line), was associated 
with clinical outcome scores. Lastly, to our knowledge the 
association between the postoperative HKA alignment and 
ZMA category has not been assessed, and thus their cor-
relation was assessed.

A post hoc power analysis was performed to address the 
research question that under-correction of a varus deform-
ity would improve postoperative clinical outcomes. It was 
determined that a sample size of 149 patients in a neutral 
postoperative alignment and 88 patients in a varus postop-
erative alignment would provide appropriate power (beta 
level = 0.80, alpha level = 0.05) to detect a five-point differ-
ence in the Oxford knee score at the most recent follow-up 
visit. A five-point difference in the Oxford knee score has 
been reported to be a minimal clinically important differ-
ence; thus, our study was adequately powered to detect this 
difference [8].

Results

Three hundred thirty-one patients with both preoperative 
and postoperative HKA imaging were available for review. 
Of these patients, 256 (129 females, 127 males) had a pre-
operative varus alignment and were included for analysis 
(mean age 63.8 ± 9.0 years, mean BMI 33.0 ± 6.2  kg/m2). 
The mean preoperative and postoperative radiographic 
alignments are presented in Table 1. Both intra- and inter-
observer correlations were good to excellent for all radio-
graphic measurements (r = 0.87–0.96). At a mean follow-
up of 1.3 ± 0.6 years, there was an improvement in the 
mean SF-12 PCS and Oxford knee scores for the entire 
cohort (Table 2).

To determine the impact of postoperative HKA align-
ment on clinical outcomes, patients were first divided into 
neutral (n = 149), mild varus (n = 60), severe varus (n = 28), 
and valgus (n = 19) cohorts (Table 3). As expected, postop-
erative radiographic measurements of the HKA, mMPTA, 
and mLDFA were different amongst the four cohorts 
(Table  4). There was no difference in the postoperative 

Table 1  Preoperative and postoperative radiographic measurements 
for all patients with a preoperative varus hip-knee-ankle alignment

Values are presented as the mean and standard deviation in degrees
HKA hip-knee-ankle axis; mMPTA mechanical medial proximal tibial 
angle; mLDFA mechanical lateral distal femoral angle; FTA femoroti-
bial angle

All varus knees 
(n = 256)

Preoperative radiographic 
measurement

Postoperative radio-
graphic measure-
ment

HKA −8.9 ± 4.9 −1.9 ± 3.3
mMPTA 84.3 ± 10.8 89.5 ± 1.9
mLDFA 89.8 ± 3.1 91.0 ± 2.3
FTA −3.0 ± 4.3 3.6 ± 3.4

Table 2  Preoperative and 
postoperative clinical outcome 
scores for all patients with a 
preoperative varus hip-knee-
ankle alignment

Values are presented as the mean and standard deviation. P values in bold signify a statistically significant 
difference and n.s. signifies a non-significant difference

All varus knees (n = 256) Preoperative clinical 
outcome scores

Postoperative clinical 
outcome scores

p value

SF-12 physical component score 29.8 ± 8.4 43.2 ± 11.3 <0.001
SF-12 mental component score 51.8 ± 12.7 53.1 ± 10.9 n.s
Oxford knee score 17.4 ± 9.3 34.2 ± 13.5 <0.001
Forgotten Joint Score Not applicable 55.4 ± 30.5 Not applicable
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SF-12 PCS, SF-12 MCS, Oxford knee score, or Forgotten 
Joint Score amongst the four cohorts, or in the incremental 
difference in outcome scores from preoperatively to postop-
eratively amongst the four cohorts (n.s.; Table 5). However, 
patients in the severe varus cohort did have a significantly 
decreased postoperative SF-12 PCS score versus patients in 
the neutral cohort (p = 0.03), although no other inter-cohort 
differences were appreciated. After dividing the “neutral” 

cohort into those with a varus/neutral (0° > HKA ≥ −3°; 
n = 99) and valgus/neutral (0° < HKA ≤ 3°; n = 50) align-
ment, no differences were present in the preoperative or 
postoperative SF-12 PCS, SF-12 MCS, Oxford knee, or 
Forgotten Joint Scores when compared to the mild varus, 
severe varus, or valgus cohorts (n.s.). Lastly, no differences 
were present in the preoperative or postoperative SF-12 
PCS, SF-12 MCS, Oxford knee, or Forgotten Joint Scores 

Table 3  Demographic 
variables when comparing 
the neutral, mild varus, severe 
varus, and valgus postoperative 
HKA alignment cohorts

p values in bold signify a statistically significant difference and n.s. signifies a non-significant difference

Neutral (0° ± 
3°) n = 149

Mild varus (−6 °< 
HKA < −3°) n = 60

Severe varus 
(HKA ≤ −6°) 
n = 28

Valgus 
(HKA >3°) 
n = 19

p value

Age (years) 63.9 ± 8.9 63.2 ± 9.8 63.8 ± 9.5 64.2 ± 7.9 n.s
Gender (% female) 53.0 37.0 43.0 84.0 <0.001
BMI (kg/m2) 31.9 ± 5.6 33.3 ± 6.3 36.0 ± 6.1 30.9 ± 5.3 0.003

Table 4  Comparison of 
preoperative and postoperative 
radiographic measurements for 
the neutral, mild varus, severe 
varus, and valgus postoperative 
HKA alignment cohorts

Values are presented as the mean and standard deviation in degrees
HKA hip−knee-ankle axis; mMPTA mechanical medial proximal tibial angle; mLDFA mechanical lateral 
distal femoral angle
p values in bold signify a statistically significant difference and n.s. signifies a non-significant difference

Neutral (0° ± 
3°) n = 149

Mild varus (−6 °< 
HKA < −3°) n = 60

Severe varus 
(HKA ≤ −6°) 
n = 28

Valgus 
(HKA >3°) 
n = 19

p value

Preoperative HKA −8.7 ± 4.8 −9.5 ± 4.7 −10.5 ± 6.0 −7.2 ± 4.5 n.s
Preoperative mMPTA 84.0 ± 14.0 84.8 ± 2.4 84.4 ± 3.4 84.8 ± 3.1 n.s
Preoperative mLDFA 89.5 ± 3.0 90.3 ± 3.0 91.0 ± 3.7 88.3 ± 2.8 0.01
Postoperative HKA −0.7 ± 1.5 −4.3 ± 0.9 −7.7 ± 1.7 4.8 ± 1.3 <0.001
Postoperative mMPTA 90.1 ± 1.4 88.5 ± 1.2 87.4 ± 2.0 92.1 ± 1.5 <0.001
Postoperative mLDFA 90.5 ± 1.9 91.8 ± 1.5 93.5 ± 2.8 87.8 ± 1.5 <0.001

Table 5  Preoperative, postoperative, and incremental difference from preoperative to postoperative (delta) clinical outcome scores for the neu-
tral, mild varus, severe varus, and valgus postoperative HKA alignment cohorts

Values are presented as the mean and standard deviation
PCS physical component score; MCS mental component score
p values in bold signify a statistically significant difference and n.s. signifies a non-significant difference

Neutral (0° ± 3°) 
n = 149

Mild varus (−6 °< HKA 
< −3°) n = 60

Severe varus (HKA ≤ 
−6°) n = 28

Valgus (HKA >3°) 
n = 19

p value

Preoperative SF-12 PCS 30.3 ± 8.6 29.5 ± 8.0 28.3 ± 7.2 28.9 ± 10.2 n.s
Preoperative SF-12 MCS 52.5 ± 12.1 49.1 ± 12.2 49.1 ± 16.7 57.5 ± 8.0 0.04
Preoperative oxford knee score 18.3 ± 9.1 15.6 ± 9.4 15.5 ± 9.0 19.9 ± 9.6 n.s
Postoperative SF-12 PCS 43.9 ± 11.1 43.0 ± 11.4 39.0 ± 9.2 44.4 ± 14.0 n.s
Postoperative SF-12 MCS 53.3 ± 11.0 54.3 ± 10.8 49.5 ± 11.8 53.9 ± 9.4 n.s
Postoperative oxford knee score 34.4 ± 13.6 32.9 ± 16.1 33.7 ± 9.0 37.5 ± 10.1 n.s
Forgotten Joint Score 54.0 ± 30.0 58.2 ± 29.8 47.8 ± 31.7 63.9 ± 33.3 n.s
Delta SF-12 PCS 14.1 ± 14.1 10.6 ± 14.7 10.3 ± 11.4 13.8 ± 12.6 n.s
Delta SF-12 MCS 1.5 ± 13.0 4.5 ± 12.9 4.6 ± 15.6 −4.0 ± 4.9 n.s
Delta oxford knee score 16.3 ± 11.7 17.5 ± 14.9 21.6 ± 4.4 14.2 ± 8.0 n.s
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when comparing all patients with a postoperative varus 
(HKA < 0°; n = 184) versus valgus (HKA > 0°; n = 72) 
alignment (n.s.; Table 6).

To determine the impact of postoperative mMPTA 
alignment on clinical outcomes, patients were divided into 
neutral (n = 181), mild varus (n = 44), severe varus (n = 6), 
and valgus (n = 25) cohorts (Table  7). There was no dif-
ference in the preoperative HKA, mMPTA, or mLDFA 
amongst the four cohorts. As expected, postoperative radi-
ographic measurements of the HKA and mMPTA were 

different amongst the four cohorts, although there was no 
difference in the postoperative mLDFA.(Table  8). There 
was no difference in the postoperative SF-12 PCS, Oxford 
Knee Score, or Forgotten Joint Score amongst the four 
cohorts, or change from preoperatively to postoperatively 
in any clinical outcome score amongst the four cohorts (p 
value n.s., Table  9). The magnitude of change from pre-
operatively to postoperatively of both the HKA alignment 
(r = 0.03 to 0.1) and mMPTA (r = 0.02 to 0.1) did not cor-
relate with an improvement in clinical outcome scores.

Categorization of patients based on their ZMA had 
a good to excellent degree of correlation with the HKA 
alignment measurement (r = 0.85). After categorization 
of patients based on their ZMA (1, n = 13; 2, n = 89; 3, 
n = 127; 4, n = 25; 5, n = 2), again no difference was appre-
ciated in the preoperative or postoperative SF-12 PCS, 
SF-12 MCS, or Oxford Knee Scores (n.s.). There was also 
no difference in the postoperative Forgotten Joint Score 
or incremental improvement in clinical outcome scores 
between the five categories (r = 0.1 to 0.8).

Discussion

The most important finding of the presents study was 
that in patients undergoing TKA for a preoperative varus 
deformity, we could not identify a specific category of 
alignment based on the postoperative HKA or mMPTA 

Table 6  Preoperative and postoperative clinical outcome scores for 
patients with a postoperative varus or valgus HKA alignment

Values are presented as the mean and standard deviation
PCS physical component score; MCS mental component score. n.s. 
signifies a non-significant difference

Varus 
(HKA <0°) 
n = 184

Valgus 
(HKA >0°) 
n = 72

p value

Preoperative SF-12 PCS 29.7 ± 7.9 29.9 ± 9.6 n.s
Preoperative SF-12 MCS 51.4 ± 13.1 52.9 ± 11.6 n.s
Preoperative oxford knee score 17.2 ± 9.2 18.0 ± 9.4 n.s
Postoperative SF-12 PCS 43.1 ± 11.3 43.2 ± 11.4 n.s
Postoperative SF-12 MCS 52.1 ± 11.5 54.9 ± 9.5 n.s
Postoperative oxford knee 

score
33.5 ± 14.4 35.9 ± 11.3 n.s

Forgotten Joint Score 54.7 ± 30.6 56.8 ± 30.4 n.s

Table 7  Demographic 
variables when comparing 
the neutral, mild varus, severe 
varus, and valgus postoperative 
mMPTA alignment cohorts

Values are presented as the mean and standard deviation. P values in bold signify a statistically significant 
difference and n.s. signifies a non-significant difference

Neutral (0° ± 
2°) n = 181

Mild varus (86° 
< mMPTA <88°) 
n = 44

Severe varus 
(mMPTA ≤ 86°) 
n = 6

Valgus 
(mMPTA >92°) 
n = 25

p value

Age (years) 63.5 ± 9.2 63.0 ± 8.4 57.8 ± 8.4 68.3 ± 7.8 0.02
Gender (% female) 50.8 57.1 33.3 76.0 <0.001
BMI (kg/m2) 32.3 ± 5.9 33.8 ± 6.1 35.1 ± 6.8 31.7 ± 6.2 n.s

Table 8  Comparison of 
preoperative and postoperative 
radiographic measurements for 
the neutral, mild varus, severe 
varus, and valgus postoperative 
mMPTA alignment cohorts

Values are presented as the mean and standard deviation in degrees
HKA hip-knee-ankle axis; mMPTA mechanical medial proximal tibial angle; mLDFA mechanical lateral 
distal femoral angle
p values in bold signify a statistically significant difference and n.s. signifies a non-significant difference

Neutral 
(0° ± 2°) 
n = 181

Mild varus (86° 
< mMPTA <88°) 
n = 44

Severe varus 
(mMPTA ≤ 86°) 
n = 6

Valgus 
(mMPTA >92°) 
n = 25

p value

Preoperative HKA −9.2 ± 4.9 −8.7 ± 5.1 −9.8 ± 6.8 −7.6 ± 3.6 n.s
Preoperative mMPTA 83.9 ± 12.8 85.3 ± 2.5 83.5 ± 3.3 85.6 ± 2.1 n.s
Preoperative mLDFA 89.9 ± 3.1 89.5 ± 3.1 90.8 ± 3.6 88.7 ± 2.9 n.s
Postoperative HKA −1.6 ± 2.6 −4.8 ± 2.4 −8.4 ± 3.3 2.4 ± 3.0 <0.001
Postoperative mMPTA 89.8 ± 1.1 87.3 ± 0.6 85.1 ± 1.4 93.0 ± 0.8 <0.001
Postoperative mLDFA 91.0 ± 2.3 91.3 ± 2.3 91.4 ± 1.4 89.9 ± 2.4 n.s
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that was associated with improved clinical outcomes. Thus, 
radiographic categorization of an optimal postoperative 
coronal alignment following TKA may not be possible.

With a growing population of patients undergoing total 
knee arthroplasty and the increased recognition that a sub-
stantial percentage of patients remain dissatisfied postop-
eratively, the optimal coronal alignment in TKA continues 
to be investigated [18]. Recent studies have questioned 
the long-held tenet of targeting a neutral HKA alignment 
in TKA and its impact on both implant survivorship and 
clinical outcomes, with several investigations hypothesiz-
ing a neutral alignment and perpendicular joint line to be 
unnatural for a subset of patients [2, 13]. The concept of 
constitutional varus has suggested that residual under-cor-
rection of a preoperative HKA varus alignment may lead 
to improved outcomes [33], while the kinematic alignment 
technique has emphasized the importance of restoration 
of a patient’s native joint line regardless of the final HKA 
alignment achieved [13]. Thus, questions remain regard-
ing the relative impact of HKA and joint line alignment on 
clinical outcomes following TKA.

This study has several limitations that must be recog-
nized prior to interpretation of its results. First, as this study 
was a retrospective review only, the presence of an asso-
ciation between postoperative alignment and clinical out-
comes, and not necessarily causation, can be determined. 
Second, the number of patients who had both preoperative 
and postoperative standing, hip-knee-ankle imaging, and 
a preoperative varus deformity limited our overall cohort 
size. However, to our knowledge, the only prior investiga-
tion assessing the clinical impact of under-correction of 
HKA alignment included only 132 patients [33], and thus 
we were able to nearly double this cohort size. Third, as 

with all radiographic assessments of coronal plane align-
ment, it is known that rotational attitudes can affect stand-
ard measurements of limb alignment [16, 29]; thus, vari-
ability in lower extremity rotation during image acquisition 
could impact our results. However, a detailed uniform pro-
tocol was followed to obtain each image to minimize this 
variability, and we believe a standing hip-knee-ankle image 
remains the most reasonable image to measure functional 
HKA alignment. Lastly, mean follow-up of our study was 
1.3 years and thus we cannot comment on the impact of 
HKA or joint line alignment on implant survivorship. How-
ever, this was not the purpose of this study as the goal was 
to assess clinical function based on alignment, and prior 
larger investigations have already recently reported on the 
impact of alignment on implant survivorship [26, 30 ].

The optimal coronal alignment following TKA contin-
ues to be an evolving area of controversy. Historical studies 
on implant survivorship and design have led to the tradi-
tional targets of a neutral HKA axis, and tibial and femo-
ral component positions perpendicular to their mechanical 
axes in the coronal plane [4, 15]. However, a number of 
these prior investigations utilized a short anteroposterior 
knee radiograph as a surrogate measure for mechanical 
alignment, which can be an inaccurate proxy for full-length 
HKA measurements [25]. Parratte et  al. demonstrated no 
improvement in the 15-year implant survival rate in patients 
with or without a postoperative HKA axis within 0° ± 3°, 
questioning the utility of this traditional target [26]. Fur-
thermore, the concept of constitutional varus at skeletal 
maturity has led to the hypothesis that under-correction of 
a varus HKA deformity may be more natural for patients 
undergoing TKA, while also limiting the degree of liga-
mentous release required. Van Lommel et al. demonstrated 

Table 9  Preoperative, postoperative, and incremental difference from preoperative to postoperative (delta) clinical outcome scores for the neu-
tral, mild varus, severe varus, and valgus postoperative mMPTA alignment cohorts

Values are presented as the mean and standard deviation
PCS physical component score; MCS mental component score
p values in bold signify a statistically significant difference and n.s. signifies a non-significant difference

Neutral (0° ± 2°) 
n = 181

Mild varus (86° < 
mMPTA <88°) n = 44

Severe varus 
(mMPTA ≤ 86°) n = 6

Valgus 
(mMPTA >92°) 
n = 25

p value

Preoperative SF-12 PCS 29.9 ± 8.2 29.0 ± 7.9 27.3 ± 8.5 30.7 ± 10.5 n.s
Preoperative SF-12 MCS 52.3 ± 12.0 49.5 ± 13.3 40.5 ± 18.1 54.9 ± 13.0 0.04
Preoperative oxford knee score 17.2 ± 9.1 17.5 ± 10.1 14 ± 7.0 20.3 ± 9.1 n.s
Postoperative SF-12 PCS 42.8 ± 11.4 45.2 ± 11.9 47.4 ± 5.0 41.6 ± 11.0 n.s
Postoperative SF-12 MCS 54.6 ± 10.3 48.2 ± 11.7 42.0 ± 11.6 53.6 ± 10.5 <0.001
Postoperative oxford knee score 33.8 ± 13.9 35.3 ± 14.7 35 ± 5.6 35.0 ± 11.2 n.s
Forgotten Joint Score 56.7 ± 29.1 53.6 ± 34.0 59.5 ± 34.6 50.3 ± 11.5 n.s
Delta SF-12 PCS 11.6 ± 12.1 15.9 ± 11.6 17.3 ± 13.9 10.4 ± 13.7 n.s
Delta SF-12 MCS 1.4 ± 12.5 4.2 ± 12.7 3.8 ± 25.9 −0.9 ± 9.4 n.s
Delta oxford knee score 17.3 ± 10.8 17.4 ± 15.0 24.5 ± 3.7 14.1 ± 9.1 n.s
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that in patients with a preoperative varus deformity, Knee 
Society Score (KSS) and Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) were improved 
in patients with a mild varus HKA alignment (3° and 6°) 
without compromising implant survivorship [33]. However, 
limitations of this study were that there were only 46 TKAs 
in the mild varus and 75 TKAs in the neutral cohorts, and 
no measurements were performed assessing the alignment 
of the joint line itself. The present study did not corrobo-
rate these prior findings, as no differences were present in 
the postoperative or incremental improvement of outcome 
scores between patients categorized as neutral, mild varus, 
severe varus, or valgus based on their HKA axis. How-
ever, patients left in severe varus did have a significantly 
decreased postoperative SF-12 PCS versus patients in the 
neutral cohort. Further subgroup analyses of varus/neutral 
and valgus/neutral TKAs also failed to demonstrate an opti-
mal category for postoperative alignment, and there was no 
correlation between the magnitude of change in the HKA 
and clinical outcomes. Thus, the potential for identifying 
an optimal category of HKA coronal alignment following 
TKA must be questioned.

The kinematic alignment technique has received 
increased attention and focuses on restoration of the 
patient’s native joint line via measured resections of the 
distal and posterior femur that equal the thickness of the 
femoral component to be implanted, after accounting for 
cartilage wear and kerf of the saw blade, [12]. Thus, this 
technique focuses solely on establishment of the joint 
line, with the resultant HKA alignment being second-
ary. In a prospective, randomized controlled trial of 44 
TKAs receiving a kinematic alignment technique and 44 
TKAs receiving a mechanical alignment technique, Dos-
sett et al. found the femoral component to be in a mean of 
2.1° more valgus and tibial component in 2.2° more varus 
than in the mechanically aligned cohort, but with no dif-
ference in the mean HKA alignment. Furthermore, patients 
in the kinematic alignment cohort demonstrated improved 
mean Oxford, KSS, and WOMAC scores at 2-year follow-
up [10]. Thus, there is the potential that the presence of 
joint line obliquity could account for these improved out-
comes. However, it is important to note that the kinematic 
alignment technique does not target a specific category of 
joint line alignment (i.e. 2° of tibial varus) and the joint 
line orientation can vary on a patient-specific basis. In an 
attempt to assess the impact of joint line obliquity on TKA 
outcomes, in this study patients were categorized based on 
their postoperative tibial component alignment. The present 
study did not see any difference in incremental improve-
ment in outcome scores in those with a neutral, mild varus, 
severe varus, or valgus mMPTA postoperatively. Thus, the 
potential for identifying an optimal category for tibial com-
ponent alignment following TKA must also be questioned. 

While postoperative alignment remains an important vari-
able for implant survivorship following TKA, surgeons 
can use the information from this investigation to reinforce 
that coronal alignment remains just one aspect that impacts 
clinical outcomes, and attention should continue to be 
focused on appropriate ligamentous balancing, component 
rotation, and other surgical variables known to improve the 
success of TKA.

Conclusion

In this investigation of patients undergoing TKA for a pre-
operative varus deformity, a specific postoperative HKA or 
tibial alignment category could not be identified that was 
associated with improved outcomes. Therefore, our inves-
tigation questions whether it will be possible to identify an 
optimal category of HKA or mMPTA alignment following 
TKA as this remains just one of many variables that impact 
the clinical outcome. Future investigations focusing on the 
combination of static images with dynamic examinations 
and ligamentous balancing may shed further insight into 
the controversy and importance of coronal alignment fol-
lowing TKA.
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