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Abstract
Background Residual varus after total knee arthroplasty (TKA) can affect functional outcomes and
prosthetic survival, which may worsen in the presence of obesity. However, no studies were found to
compare the outcomes of obese patients involving postoperative residual mild varus or neutral. The aim
of this study was to compare outcomes for knees of obese patients with neutral or mild varus after TKA.

Methods We retrospectively reviewed 188 consecutive obese patients (body mass index ≥ 30 kg/m2) at
our hospital who underwent TKA due to varus knee osteoarthritis from January 2010 to December 2015.
The mechanical hip-knee-ankle axis angle was measured in all patients pre- and postoperatively.
Prosthesis survival and knee function were retrospectively assessed based on the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) score, Knee Society Knee Score (KS-KS), Knee
Society Function Score (KS-FS), Forgotten Joint Score (FJS), and range of motion (ROM). 

Results Of the 156 knees in 132 obese patients who completed follow-up for a mean of 8.32 ± 1.47 years,
97 knees were corrected from varus to neutral and 54 knees were kept in mild residual varus. Knees with
mild varus showed signi�cantly better WOMAC and FJS scores. The two types of knees did not differ
signi�cantly in KS-KS, KS-FS or ROM. Although one patient with a neutral knee had to undergo revision
surgery, there was no signi�cant difference between two groups.

Conclusions For obese patients with osteoarthritis, preservation of residual varus alignment after TKA
can improve functional outcomes without compromising prosthesis survival.

Introduction
Since 1980, the prevalence of overweight and obesity has increased to the point that nearly a third of the
world’s population is overweight or obese[1]. Obesity is a risk factor for osteoarthritis[2], so the proportion
of patients undergoing total knee arthroplasty (TKA) who are obese is expected to increase[3]. Obesity can
lead to osteoarthritis that requires surgical treatment at an earlier age than in non-obese individuals[4],
and obesity can increase the risk of perioperative and long-term complications[5, 6]. It may also increase
risk of poor outcome and prosthesis failure after TKA[7].

Some work has suggested that neutral mechanical alignment after TKA, de�ned as an adjustment within
3° of neutral[8], may prolong prosthesis survival and improve function[9, 10]. However, other studies have
failed to detect a signi�cant difference in survivorship[11–13] or other outcomes[14] after TKA in knees with
neutral or mild varus alignment. Thus, further study is needed to clarify whether neutral alignment is
bene�cial for TKA patients. In particular, whether it bene�ts obese patients should be addressed, since
neutral alignment is more di�cult to achieve in these patients[15]. In addition, obese patients may be at
higher risk of aseptic tibial loosening regardless of coronal alignment[16], since the excessive body weight
is transferred to surrounding bone[17].
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The present study assessed the potential bene�ts of neutral or mild varus alignment in obese patients
after TKA. We retrospectively compared functional outcomes and prosthesis survival during mean follow-
up of 8 years.

Methods

Patients
We retrospectively screened all patients at our hospital who underwent primary TKA for varus-type knee
osteoarthritis from January 2010 to December 2015. During this period, we performed 701 cemented
TKAs in 663 patients, 188 of whom (216 knees) were obese, de�ned as a body mass index ≥ 30 kg/m2

[18].

From the 188 obese patients, we excluded two who achieved normal weight at our follow-up, eight who
had valgus or neutral alignment before TKA, two with a history of hip arthroplasty or extra-articular
deformity that could affect ipsilateral limb alignment, and 44 who were lost to follow-up. In the end, we
included 132 patients (156 knees).

The mechanical hip-knee-ankle axis angle (HKA) was measured in all patients before and after TKA
based on full-length radiography conducted while patients were standing and the patella was oriented
forward. Angles were determined independently by two investigators.

Surgical technique
All procedures were performed by one surgeon, who performed a midline skin incision and employed a
medial parapatellar approach. After retracing the patella, the anterior cruciate ligaments and meniscus
were completely resected. Osteotomy was performed using an intramedullary jig for the distal femur and
extramedullary jig for the proximal tibia, and the valgus angle during osteotomy was determined
according to preoperative full-length radiographs to achieve neutral alignment.

On the femoral side Whiteside’s line and the anatomical transepicondylar axis were used as landmarks to
position the intramedullary guides, while on the tibial side, the center of the tibial intercondylar eminence
and the center of the ankle were used as landmarks to position the extramedullary guides. The tibia was
cut, the posterior cruciate ligament was resected, and soft tissue was released according to the degree of
preoperative �exion contraction. Depending on the patient’s degree of varus, polyethylene spacers of
varying thickness were inserted, or additional soft tissue was released. All patients received a cemented
total knee prosthesis and underwent patelloplasty without patellar resurfacing.

Data collection
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Body mass index was calculated as weight (kg) divided by the square of the height (m). HKA was
expressed as a deviation from 180°, with positive values indicating valgus and negative values indicating
varus alignment. Based on postoperative HKA, knee alignment was classi�ed as valgus (HKA > 3°),
neutral (−3° ≤ HKA ≤ 3°), mild varus (−6° ≤ HKA < −3°), or severe varus (HKA < −6°). Most comparisons
in this study were performed between knees showing neutral or mild varus alignment.

Follow-up
Patients were followed up by outpatient visit. At follow-up, we measured range of motion (ROM), Western
Ontario and McMaster Universities Osteoarthritis Index score (WOMAC), Keen Society Score (KSS), and
Forgotten Joint Score (FJS). Prosthesis infection and aseptic prosthesis loosening were recorded to
assess prosthesis survival.

Statistical analysis
All analyses were performed in SPSS 26.0 (IBM, Armonk, NY, USA). Normally distributed data were
expressed as mean ± standard deviation (SD), otherwise data were expressed as median (25th percentile,
75th percentile). Continuous data such as age, follow-up duration, HKA, ROM, WOMAC, KSS, and FJS
were compared between knees with neutral or mild varus alignment using analysis of Student’s t test or
variance or the Kruskal–Wallis test as appropriate. Categorical data were compared using the chi-squared
test. Differences associated with P < 0.05 were considered signi�cant.

Results
Of the 156 knees in 132 obese patients who completed follow-up, 97 knees were corrected from varus to
neutral, while 54 remained in mild varus. Age, sex, body mass index, preoperative HKA, and follow-up
duration did not differ signi�cantly between patients whose knees had neutral alignment and those
whose knees had mild varus (Table 1). Neutral knees were corrected from a preoperative mean of -8.7° to
-1.0° (Table 2). Mild varus knees were corrected from a preoperative mean of -9.8° to -4.3°.
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Table 1
Characteristics of patients strati�ed according to whether their knees showed neutral or mild residual

varus alignment after TKA
Characteristic Neutral

(n=97 knees)

Mild varus

(n=54 knees)

P *

Patients 86 46  

Sex

Male

Female

Age (years)

Body mass index (kg/m2)

Preoperative HKA

Follow-up (years)

 

13

73

72.84 (6.664)

31.49 (1.355)

-8.7 (4.962)

8.13 (1.455)

 

5

41

74.39 (6.700)

31.47 (1.441)

-9.8 (4.374)

8.62 (1.538)

0.174

 

 

0.921

0.964

0.255

0.060

Values are n or mean (SD) unless otherwise noted.

HKA: hip-knee-ankle axis angle; TKA: total knee arthroplasty

* Based on Student’s t test or Mann-Whitney test (continuous variables) or chi-squared test
(categorical variables)

 
Table 2

Hip-knee-ankle axis angle before and after TKA for knees
strati�ed based on postoperative alignment

Alignment n (knees) Preoperative Postoperative

Neutral

Mild varus

Severe varus

Valgus

97

54

1

4

-8.7 (4.962)

-9.8 (4.374)

-16.4

-3.51 (3.025)

-1.0 (0.129)

-4.3 (0.127)

-7.3

3.84 (0.336)

Values are n or mean (standard deviation).

 

Patients whose knees had neutral or mild varus did not differ signi�cantly in postoperative ROM, KS-KS,
or KS-FS (Table 3). Patients with mild varus knees had signi�cantly better WOMAC (8.25 ± 8.637 vs 14.97
± 14.193, P = 0.048; Figure 1) and better FJS (86.03 ± 15.607 vs 70.22 ± 30.031, P = 0.021; Figure 2).
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Table 3
Functional outcomes and prosthesis survival after TKA for knees strati�ed by postoperative alignment
Score or outcome Neutral

(n=97 knees)

Mild varus

(n=54 knees)

P *

Range of motion (°)

WOMAC score

Knee Society knee score

Knee Society function score

Forgotten joint score

92.34 (17.320)

14.97 (14.193)

83.66 (10.640)

75.69 (20.139)

70.22 (30.031)

100.00 (13.633)

8.25 (8.637)

87.25 (8.095)

78.31 (17.366)

86.03 (15.607)

0.130

0.048

0.201

0.643

0.021

Revision 1 0 1.000

Values are n or mean (standard deviation) unless otherwise noted.

TKA, Total knee arthroplasty; WOMAC: Western Ontario and McMaster Universities Osteoarthritis
Index score

* Based on Student’s t test or Mann-Whitney test (continuous variables) or chi-squared test
(categorical variables)

 

One patient with a neutral knee had to undergo revision surgery due to aseptic loosening of the tibial
component.

Discussion
Our retrospective study suggests that there is no signi�cant difference in prosthesis survival between
obese patients who have neutral or mild residual varus after TKA. Nevertheless, we found evidence that
mild postoperative varus alignment is associated with better outcomes than neutral alignment.

Traditionally, optimal outcomes in TKA have been thought to depend on achieving a lower-extremity HKA
within 3° of neutral and positioning tibial and femoral components perpendicular to the mechanical axis
in the coronal plane[19–21]. On the other hand, several studies[21–23] have questioned this long-held tenet,
arguing that it creates an unnatural situation for at least a subset of patients. Assessing the validity of
this practice may be particularly important for obese patients, whose knees are overloaded and in whom
the load is distributed onto the tibial component[7, 24]. Previous studies[11, 14, 23, 25–32] comparing
outcomes between TKA patients with postoperative neutral or mild varus did not distinguish between
obese and non-obese patients.

Our �nding that postoperative neutral or mild varus did not signi�cantly affect prosthesis survival for
obese patients after TKA. Similar results were found from several studies[11, 25–27] that did not distinguish
obese from non-obese patients. However, it contrasts with the conclusion of a meta-analysis[33] of 10
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studies involving 12,278 knees, according to which mild or severe residual varus shortens prosthesis
survival. Instead, those investigators concluded that neutral or valgus alignment is essential for long-term
prosthesis survival. It is di�cult to compare that meta-analysis with our study because they did not
distinguish between mild and severe varus. Our results also contrast with a study[28] in which left 3 °
varus alignment was linked to adduction overload of the medial compartment, causing asymmetrical
polyethylene liner wear, tibial component loosening and mechanical failure. Our �nding should be veri�ed
and extended in studies with even longer follow-up, given the length of time needed to adequately assess
outcomes; and in studies involving morbidly obese patients, who were rare in our sample. Such patients
may be at even higher risk of asymmetric polyethylene lining wear, loosening of tibial components, and
mechanical failure[2].

Our study suggests that mild postoperative varus alignment led to better functional outcomes than
neutral alignment. Our results are similar to those of three studies[25, 31, 32] reporting better outcomes for
mild varus alignment after mean follow-up of 4-7 years, but our results contrast with those of four
studies[14, 23, 29, 30] that failed to �nd a signi�cant difference in outcomes for mean follow-up for up to �ve
years. One study[34] has suggested that mild residual varus alignment can create physiological tension in
the soft tissue that feels more “natural” to patients, and we speculate that this bene�t may increase with
time, which may explain why mainly studies with longer follow-up have detected it. Our �nding may be
especially important not only because of our long follow-up but also because our assessment included
the FJS, which measures patients' ability to forget the arti�cial joint in everyday life. This index is likely to
be strongly associated with patient satisfaction[35]. In recent years, kinematically aligned (KA) TKA was
developed to restore normal knee function by maintaining the soft tissue envelope and minimizing the
need for ligament release[36–38]. However, mechanical alignment (MA) TKA may demand higher release
of soft tissues and ligaments, especially in patients with severe varus, which contrasts with KA TKA
concepts. Our results that it is not that important to merely generate a neutral HKA angle, lend support to
the emerging view that TKA patients can bene�t more from KA TKA than from MA TKA[39–41].

Our �ndings should be interpreted with caution in light of several limitations. First, our �nding of no
signi�cant difference in prosthesis survival should be considered preliminary until it can be veri�ed in
larger samples with even longer follow-up. Second, we included only patients with primary knee
osteoarthritis, which led to the same prominant female bias in our sample as in most other studies
similar to ours[42]. Third, we did not closely examine patients with severe preoperative varus, who require
further study because soft tissue release is more challenging in such cases. Similarly, further study is
needed that differentiates obese patients by the severity of their obesity and comorbidities.

Conclusion
Our relatively small, retrospective study suggests that retaining slight varus in the knees of obese patients
undergoing TKA may lead to better functional outcomes without reducing prosthesis survival, even in the
long term.
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Abbreviations
TKA: Total knee arthroplasty

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index score

KS-KS: Knee Society Knee Score

KS-FS: Knee Society Function Score

FJS: Forgotten Joint Score

ROM: Range of motion

HKA: Hip-knee-ankle axis angle

SD: standard deviation

BMI: Body mass index

KA: Kinematically aligned

MA: Mechanical alignment
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Figure 1

Differences in WOMAC between patients with neutral and mild varus *P < 0.05. Abbreviations: WOMAC:
Western Ontario and McMaster Universities Osteoarthritis Index score
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Figure 2

Differences in FJS between patients with neutral and mild varus *P < 0.05. Abbreviations: FJS: Forgotten
Joint Score


