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Abstract

Background Postoperative varus alignment has been

associated with lower IKS scores and increased failure

rates. Appropriate positioning of TKA components there-

fore is a key concern of surgeons. However, obtaining

neutral alignment can be challenging in patients with

substantial preoperative varus deformity and it is unclear

whether residual deformity influences revision rates.

Questions/purposes We asked: (1) in patients with pre-

operative varus deformities, does residual postoperative

varus limb alignment lead to increased revision rates or

lower IKS scores compared with correction to neutral

alignment, (2) does placing the tibial component in varus

alignment lead to increased revision rates and lower IKS

scores, (3) does femoral component alignment affect

revision rates and IKS scores, and (4) do these findings

change in patients with at least 10� varus alignment

preoperatively?

Patients and Methods From a prospective database, we

identified 553 patients undergoing TKAs for varus

osteoarthritis. Patients were divided into those with

residual postoperative varus and those with neutral post-

operative alignment. Revision rates and International

Knee Society (IKS) scores were compared between the

two groups and assessed based on postoperative compo-

nent alignment. Survival analysis was conducted with

revision as the endpoint. The analysis was repeated in a

subgroup of patients with at least 10� preoperative varus.

Minimum followup was 2 years (median, 4.7 years;

range, 2–19.8 years).

Results The two groups had similar survival rates to

10 years and similar IKS scores. Varus tibial component

alignment and valgus femoral component alignment were

associated with lower mean scores. Revision rates and

scores were similar in a subgroup of patients with sub-

stantial preoperative varus.

Conclusions Our data suggest residual postoperative

varus deformity after TKA does not increase survival rates

at medium-term in patients with preoperative varus defor-

mities, providing tibial component varus is avoided. Tibial

component varus negatively influences IKS score.

Level of Evidence Level III, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Appropriate positioning of TKA components is a key con-

cern of arthroplasty surgeons. Numerous authors have

suggested obtaining a femorotibial mechanical axis (FTMA)

of 180� in the coronal plane is ideal [8, 10, 20, 23, 27].
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Deviation greater than 2� or 3� from this alignment, partic-

ularly in varus, has been associated with lower IKS scores

[6, 16, 18] and increased rates of aseptic loosening and

failure [1, 3, 8, 10, 12, 15, 20, 23, 27].

However, obtaining neutral alignment can be challeng-

ing in patients with substantial preoperative deformity.

More complex bone cuts and/or larger soft tissue releases

[28] are required in these cases, which increase operative

time [24]. Some authors suggest that despite these efforts,

knees with substantial preoperative varus alignment are

more likely to have varus alignment postoperatively [9,

15]. Additionally, some recent studies have cast doubt on

the long-held belief that neutral alignment yields lower

revision rates in all patients [21, 22].

The cited studies reporting increased revision rates and

lower IKS scores in knees with postoperative varus align-

ment do not stratify their findings based on preoperative

alignment. It is possible the ideal postoperative coronal

plane alignment is determined in part by the extent and

type of preoperative deformity and is not the same for

every patient. Further, individual component alignment

may influence revision rates and IKS scores, with tibial

component alignment being particularly important.

We therefore addressed the following questions: (1) in

patients with preoperative varus deformities, does residual

postoperative varus limb alignment lead to increased

revision rates or lower IKS scores compared with correc-

tion to neutral alignment? (2) Does placing the tibial

component in varus alignment lead to increased revision

rates and lower IKS scores? (3) Does femoral component

alignment affect revision rates and IKS scores? (4) Do

these findings change in patients with at least 10� varus

alignment preoperatively?

Patients and Methods

We retrospectively reviewed 511 patients with primary

varus tibiofemoral osteoarthritis (FTMA \ 177�) treated

with 553 TKAs between November 1987 and January

2008. During that time we treated a total of 1798 patients

with 2216 primary TKAs. We excluded 1190 patients with

neutral or valgus preoperative alignment, a history of sur-

gery on the index knee other than meniscectomy, arthritis

from other etiologies (posttraumatic, rheumatoid, or

inflammatory arthritis), malignancies, or postoperative

flexion contracture greater than 5�. Flexion contracture

decreases the accuracy of measuring coronal plane limb

alignment [5, 17]. These exclusions left 608 patients (703

TKAs). Radiographic and clinical followups of at least

2 years were available for 553 knees (79%). These knees

form the study group. The minimum followup was 2 years

(median, 4.7 years; range, 2–19.8 years).

Mean (± SD) preoperative FTMA was 170.2� ± 4.4�
(range, 151�–176�). Mean preoperative tibial mechanical

angle (TMA) was 84.7� ± 3.7� (range, 69�–100�).

Mean preoperative femoral mechanical angle (FMA) was

90.2� ± 2.7� (range, 77�–99�). Postoperatively, 181 patients

(33%) remained in varus alignment and 352 patients (64%)

had correction to within 3� of neutral alignment. Twenty

patients (4%) were placed in valgus alignment and not

included in data analysis. The age and gender distributions

of patients in the residual varus and neutral alignment

groups were not different, but the residual varus group had

a higher mean body mass index (BMI), increased preoper-

ative varus, and lower preoperative IKS scores (Table 1).

A subgroup of 266 patients (48%) had at least 10� varus

preoperatively. Mean preoperative FTMA in this group

was 166.5� ± 3.6� (range, 151�–170�). Mean preoperative

TMA was 83.2� ± 4.1� (range, 69�–100�) and mean pre-

operative FMA was 89.5� ± 2.6� (range, 79�–99�) among

these patients. Postoperatively, 131 patients (49%)

remained in varus alignment and 131 patients (49%) had

correction to neutral alignment. Four patients (2%) were

placed in valgus alignment and are not included in the data

analysis. In this subgroup, the age and gender distributions

of the residual varus and neutral alignment groups were not

different, but the residual varus group had a higher mean

BMI, increased preoperative varus, and lower preoperative

IKS scores (Table 2).

Exposure was obtained through a standard medial

parapatellar approach in all cases. The tibial cut was made

perpendicular to the tibial mechanical axis using an

extramedullary guide. The distal femoral cut was made

using an intramedullary guide. The cut was made in 7�
valgus (8� for HLS21 prostheses [Tornier, St. Ismier,

France]) relative to the anatomic axis of the femur. Com-

ponents were cemented in all cases and the patella was

Table 1. Preoperative demographic data for all patients by postop-

erative alignment

Variable Residual

varus

Neutral

alignment

Significance

Gender (males:females) 53:128 113:223 p = 0.36

Age (years) 71.9 ± 7.8 71.3 ± 7.0 p = 0.40

BMI (kg/m2) 30.9 ± 5.8 29.2 ± 4.9 p = 0.0004

Preoperative FTMA (�) 167.4 ± 4.9 171.5 ± 3.4 p \ 0.0001

Preoperative TMA (�) 83.8 ± 3.7 85.3 ± 3.6 p \ 0.0001

Preoperative FMA (�) 89.2 ± 2.8 90.6 ± 2.5 p \ 0.0001

Preoperative IKS score

(points)

90.2 ± 31.6 104.0 ± 30.4 p \ 0.0001

Values are expressed as mean ± SD; BMI = body mass index;

FTMA = femorotibial mechanical axis; FMA = femoral mechanical

angle; TMA = tibial mechanical angle; IKS = International Knee

Society.
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resurfaced. Posterior-stabilized components were used in

all cases. The implants included seven HLS11, 50 HLS21,

151 HLS Evolution1, and 345 Noetos HLS1 (Tornier).

Patients began a supervised postoperative rehabilitation

regimen on postoperative Day 1. Immediate weightbearing

was allowed in all patients with a brace locked in extension

and a walker for support. Patients progressed to ambulation

without a brace or walker at the discretion of the therapist.

The brace was removed and full range of motion was

allowed when patients were not ambulating. No continuous

passive motion devices were used.

Preoperatively and at each followup, any subsequent

surgical procedures on the index knee were documented.

Postoperative visits were scheduled at 2, 6, and 12 months

postoperatively, and then at 2-year intervals. Physical

examination included evaluation of knee ROM, stability to

varus and valgus stress, and wound healing, and the IKS

knee and function scores were calculated [11]. We grouped

perioperative complications as major (those threatening life

or requiring reoperation) and minor (those resolving with

antibiotics, anticoagulation, or without specific treatment)

as described previously [4, 25].

Radiographic assessment was performed on all patients

preoperatively and postoperatively at each followup until

maximum followup. Radiographs included standing AP

and lateral views of the operative knee, a 30� axial patellar

view, and standing full-leg films. As part of the prospective

data collection for our arthroplasty database, the FTMA,

TMA, and FMA were measured manually by various cli-

nicians on full-leg films using a goniometer. The TMA

refers to the alignment of the tibial articular surface pre-

operatively and tibial component postoperatively relative

to the mechanical axis of the tibia. The FMA refers to

alignment of the femoral articular surface preoperatively

and femoral component postoperatively relative to the

mechanical axis of the femur. Intraclass coefficients (ICC)

for interrater reliability of this method of assessing

mechanical axis are reportedly between 0.88 to 0.94 [19].

Patients were divided into three groups based on post-

operative FTMA: residual varus (postoperative FTMA \
177�), neutral alignment (postoperative FTMA between

177� and 183�), and overcorrection (postoperative

FTMA [ 183�). A power analysis determined a minimum

sample size of 87 patients in each group was required to

identify a difference of 10 points in the IKS score between

the residual varus and neutral alignment groups with

a = 0.05 and a statistical power of 80%. Revision rate and

IKS scores in patients not having revision were compared

between the residual varus group and the neutral alignment

group. Revision rates and IKS scores also were compared

based on alignment of the tibial component relative to the

mechanical axis of the tibia: varus alignment (TMA \
87�), neutral alignment (TMA between 87� and 93�), and

valgus alignment (TMA [ 93�). The same analysis was

performed based on alignment of the femoral component

relative to the mechanical axis of the femur: varus align-

ment (FMA \ 87�), neutral alignment (FMA between 87�
and 93�), and valgus alignment (FMA [ 93�). Finally, the

analysis described above was repeated on a subgroup of

patients with preoperative genu varum of at least 10�
(FTMA \ 171�). Comparison of revision rates was per-

formed using Kaplan-Meier survival analysis using

revision as an endpoint [14]. We compared IKS scores

based on overall limb alignment, tibial component align-

ment, and femoral component alignment using ANOVA

and post hoc testing with the Bonferroni-Dunn method. A

power analysis determined that a minimum sample size of

87 patients in each group was required to identify a clini-

cally significant difference of 10 points in the IKS score

between the residual varus and neutral alignment groups

with a = 0.05 and a statistical power of 80%.

Results

Revision was performed in a similar percentage of patients

(p = 0.15) with residual varus alignment and neutral

alignment: three of 181 knees (1.6%) and 13 of 352 knees

(3.7%), respectively (Fig. 1). We noted no differences

between the groups regarding the reason for the revisions

(Table 3). Among the 537 implants still in place, the mean

IKS score improved from 99.7 ± 31.8 preoperatively to

170.0 ± 27.3 at final followup. The mean IKS scores were

similar (p = 0.12) in patients with residual varus (172.5)

and those with neutral alignment (168.5).

Postoperative TMA was varus in 35 knees, neutral in

514, and valgus in four. All 16 revisions occurred in the

neutral TMA group. Among patients with implants still in

Table 2. Preoperative demographic data for patients with at least 10�
preoperative varus by postoperative alignment

Variable Residual

varus

Neutral

alignment

Significance

Gender (males:females) 41:90 52:79 p = 0.20

Age (years) 72.2 ± 7.5 72.8 ± 6.3 p = 0.51

BMI (kg/m2) 31.0 ± 5.9 28.8 ± 5.2 p = 0.0019

Preoperative FTMA (�) 165.2 ± 3.9 167.8 ± 2.4 p \ 0.0001

Preoperative TMA (�) 82.8 ± 3.6 83.8 ± 4.2 p = 0.058

Preoperative FMA (�) 88.9 ± 2.8 90.0 ± 2.2 p = 0.0009

Preoperative IKS score

(points)

86.6 ± 30.9 96.9 ± 29.5 p = 0.0064

Values are expressed as mean ± SD; BMI = body mass index;

FTMA = femorotibial mechanical axis; FMA = femoral mechanical

angle; TMA = tibial mechanical angle; IKS = International Knee

Society.
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place, mean IKS scores were different (p = 0.008)

between the three groups: post hoc testing revealed lower

IKS scores when the tibial component was placed in varus

compared with neutral alignment (p = 0.002). The mean

IKS scores were similar in patients with valgus alignment

and those with either varus (p = 0.42) or neutral positions

(p = 0.81) (Fig. 2).

Postoperative FMA was varus in 24 knees, neutral in

513, and valgus in 16. All 16 revisions occurred in the

neutral FMA group. Among patients with implants still in

place, mean IKS scores differed (p = 0.002) among the

three groups. We observed lower mean IKS scores when

the femoral component was placed in valgus compared

with varus (p \ 0.001) or neutral (p = 0.002) positions.

The mean IKS scores were similar (p = 0.06) in patients

with varus and neutral positions (Fig. 3).

Among patients with at least 10� preoperative varus,

revision was performed in a similar percentage of knees

(p = 0.16) with residual varus alignment and neutral

alignment: two of 131 knees (1.5%) and five of 131 knees

(3.8%), respectively (Fig. 4). Among the 255 knees with

implants still in place, the mean IKS score improved from

91.6 ± 30.9 preoperatively to 172.7 ± 24.6 at final fol-

lowup. IKS scores were higher (p = 0.03) in patients with

residual varus (176.4) than in those with neutral alignment

(169.8); we had insufficient data to evaluate the effect of

valgus alignment.

Fig. 1 A Kaplan-Meier survival curve with revision as an endpoint

shows the influence of postoperative limb alignment on implant

survival rates in patients with varus osteoarthritis preoperatively. We

found no difference (p = 0.8) between patients with residual varus

deformity and patients with neutral postoperative alignment.

Table 3. Etiology of revisions

Etiology Varus

alignment

Neutral

alignment

Significance

Aseptic loosening 2 p = 0.61

Infection 1 3

Laxity 3

Patellar complication 1 2

Other 1 3

Total number of revisions 3 13

Varus = less than 177�; neutral = 177� to 183�.

Fig. 2 A graph shows the influence of postoperative TMA on IKS

score in patients with varus osteoarthritis preoperatively. Patients with

varus alignment of the tibial component had lower (p = 0.002) mean

scores compared with those with neutral alignment. We observed no

differences in patients with valgus alignment and either varus or

neutral component alignment. Values are shown as mean with SD

(error bar).

Fig. 3 A graph shows the influence of postoperative FMA on IKS

score in patients with varus osteoarthritis preoperatively. We

observed lower mean scores in patients with valgus alignment of

the femoral component compared with those with varus (p \ 0.001)

and neutral alignment (p = 0.002). We found no differences in

patients with varus and neutral component alignment. Values are

shown as mean with SD (error bar).
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For the subgroup of patients with at least 10� preoper-

ative varus, postoperative TMA was varus in 21 knees,

neutral in 244, and valgus in one. All seven revisions

occurred in the neutral TMA group. Among knees with

implants still in place, mean IKS scores were lower

(p = 0.015) when the tibial component was placed in varus

(159.8) compared with neutral alignment (173.7). Insuffi-

cient data were available to evaluate the effect of valgus

positioning of the tibial component. For the subgroup of

patients with at least 10� preoperative varus, postoperative

FMA was varus in 24 knees, neutral in 230, and valgus in

12. All seven revisions occurred in the neutral FMA group.

Among knees with implants still in place, mean IKS scores

differed among the three groups: we observed lower mean

IKS scores when the femoral component was placed in

valgus compared with varus (p \ 0.001) or neutral

(p \ 0.001) positions. We observed no difference

(p = 0.18) in mean IKS scores in patients with varus and

neutral positions (Fig. 5).

The major complication rate was 3.6% and included one

patient with septicemia, four with pulmonary emboli, two

with patellar dislocations, one with an intraarticular drain

requiring operative removal, two with pseudarthroses of the

tibial tubercle osteotomy sites, five with infections, two

with femur fractures, two with patellar clunk who under-

went arthroscopic débridement, and one with algodystrophy

who had manipulation for stiffness. The minor complication

rate was 6.1% and included one case of patellar subluxation

not requiring surgery, 12 cases of postoperative stiffness,

two superficial wound infections, four hematomas, three

patella fractures treated nonoperatively, and three cases of

algodystrophy treated nonoperatively.

Discussion

Appropriate positioning of TKA components is a key

concern of surgeons. Postoperative varus alignment has

been associated with lower IKS scores and increased fail-

ure rates. However, obtaining neutral alignment can be

challenging in patients with substantial preoperative varus

deformity. We therefore addressed the following questions:

(1) In patients with preoperative varus deformities, does

residual postoperative varus limb alignment lead to

increased revision rates or lower IKS scores compared with

correction to neutral alignment? (2) Does placing the tibial

component in varus alignment lead to increased revision

rates and lower IKS scores? (3) Does femoral component

alignment affect revision rates and IKS scores? (4) Do

these findings change in patients with at least 10� varus

alignment preoperatively?

This study has several limitations. First, and perhaps the

most important was a relatively short median followup of

4.7 years. The relatively low failure rate expected after this

length of followup leaves the study relatively underpow-

ered to detect differences in failure rate based on

alignment. The study is well powered to detect differences

in IKS scores and we did not find lower scores with

residual varus alignment. Second is the retrospective nature

of the study, although data were collected prospectively as

part of a joint registry at our institution. The use of such a

Fig. 4 A Kaplan-Meier survival curve shows the influence of

postoperative limb alignment on implant survival rates in patients

with varus osteoarthritis and a preoperative deformity of at least 10�.

We found no differences (p = 0.6) in patients with residual varus

deformity and patients with neutral postoperative alignment.

Fig. 5 A graph shows the influence of postoperative FMA on IKS

score in patients with substantial varus osteoarthritis (at least 10�
varus) preoperatively. We found lower mean scores in patients with

valgus alignment of the femoral component compared with those with

varus (p \ 0.001) and neutral alignment (p = 0.002). No differences

in mean scores occurred in patients with varus or neutral component

alignment. Values are shown as mean with SD (error bar).
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registry results in a relatively complete data set but data

collection was performed by various people, possibly

leading to some inconsistency in measurement of radio-

graphs in particular. We do not anticipate the introduction

of substantial bias with this limitation. The retrospective

design did not allow matching of preoperative character-

istics of the two groups, resulting in increased BMI and

varus deformity and decreased preoperative IKS scores in

the residual varus group. The postoperative IKS scores and

revision rates in this group compare favorably with those of

the neutral group despite these differences. Third, the ret-

rospective nature of the study also led to the inclusion of

patients with several different, albeit similar, implants.

Fourth, we did not explore or analyze the etiology of

preoperative deformities. Patients with large intraarticular

deformities might be easier to correct to neutral align-

ment than those with large degrees of varus in the tibia,

potentially affecting outcome. Fifth, manual goniometer

measurements of limb alignment reportedly are accurate to

between 2� and 3� [7, 29]. The use of digital radiography

and computers for angle measurements might improve the

accuracy of these measurements [26]. Sixth, we excluded

patients with a postoperative flexion deformity from our

analysis as this condition can alter measures of FTMA

radiographically [5, 17]. Seventh, we used the IKS score to

compare knees of the residual varus group and the neutral

alignment group; however, the IKS score awards more

points to knees with neutral alignment. This fact would

effectively lower the scores of knees in the residual varus

group [11]. Eight, the study was performed with compo-

nents from only one manufacturer. We believe the findings

applicable to all TKA prostheses, but additional studies are

needed to confirm this assertion. Finally, we lack sufficient

patient numbers to further analyze the interactions between

femoral and tibial component alignment and overall limb

alignment. For example, we are unable to determine

whether the lower IKS scores in patients with tibial com-

ponent varus or femoral component valgus are worsened by

overall limb alignment other than neutral.

Our most important finding is that residual varus limb

alignment does not portend lower function or lower med-

ium-term survival after TKA for patients with varus

osteoarthritis. Additionally, we did not find an association

between residual varus alignment and implant revision.

Although two recent studies found little correlation

between limb alignment and revision rates [21, 22], the

majority of studies showed increased revision rates with

malalignment, particularly in varus [3, 8, 12, 15, 23, 27]

(Table 4). Several factors likely contribute to the different

findings in our study. First, numerous studies cited above

feature older implant designs [8, 12, 15, 23, 27]. Advances

in implant design, polyethylene processing, and cementing

technique might improve the tolerance of mild malalign-

ment after TKA. Second, these studies do not stratify

revision rates or IKS scores based on preoperative limb

alignment. We believe this a critical point. Placing a knee

that was in neutral alignment preoperatively into varus

alignment is likely quite different from hypocorrecting a

knee with substantial preoperative varus. Finally, there are

many factors in component positioning affecting overall

limb alignment. According to our data whether residual

varus comes from tibial component malalignment or

another source influences the revision rate and IKS score.

Similarly, three prior studies evaluating the influence of

limb alignment on IKS scores did have lower scores with

alignment other than neutral (Table 5) [6, 13, 16]. The

patients in these studies all had substantially shorter fol-

lowups than our patients and the studies did not separately

analyze patients with residual varus or consider the effect

of preoperative alignment.

Our findings should not be interpreted to suggest TKA

component alignment does not influence long-term

Table 4. Outcome scores and revision rates based on postoperative limb alignment

Study Range of

followup

(years)

Revision rate Significance

Neutral Varus Valgus Neutral versus

varus

Neutral versus

valgus

Varus versus

valgus

Fang et al. [8] 2 to 22.5 21/4029 (0.5%) 18/1222 (1.8%) 12/819 (1.5%) p = 0.002 p = 0.003 NS

Jeffery et al. [12] 1 to 12 2/78 (3%) 9/37 (24%) p \ 0.001*

Lewallen et al. [15] 6.5 to 12.5 46/166 (28%) 12/18 (67%) 13/25 (52%) p \ 0.001 p \ 0.001 NS

Morgan et al. [21] NR to 11 3/73 (4.1%) 2/66 (3%) 1/58 (1.7%) NS NS NS

Parratte et al. [22] 0.5 to 15 45/292 (15%) 14/106 (13%) p = 0.88*

Ritter et al. [23] 0.2 to 13 5/35 (14%) 3/234 (1.3%) 0/82 (0%) p = 0.04 p = 0.28 p = 0.03

Tew & Waugh [27] 1 to 9 45/192 (23%) 44/127 (35%) 33/109 (30%) p \ 0.001 p \ 0.001 NS

Current study 2 to 19.8 13/352 (3.7%) 3/181 (1.7%) p = 0.19

* Jeffery et al. and Parratte et al. compared knees with neutral alignment with those with varus or valgus; NR = not reported; NS = not

significant.
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durability. Although we observed complete correction of

preoperative varus alignment is unnecessary to obtain

comparable revision rates and IKS scores, we also showed

the critical importance of avoiding tibial component varus.

Failure to completely correct tibial varus leads to lower

IKS scores (Fig. 2). Numerous authors have reported an

association between tibial component varus alignment and

increased failure rates [1, 3, 8, 10, 18, 20, 27].

Similarly, placement of the femoral component in val-

gus yielded lower IKS scores when considering all knees

with preoperative varus (Fig. 3) as well as only those with

preoperative varus greater than 10� (Fig. 5). These lower

IKS scores may be associated with the more oblique cut

and subsequent more difficult ligament balancing required

to achieve femoral valgus in many patients with a preop-

erative varus deformity. There are less data in the literature

regarding the influence of femoral component alignment on

failure rates. Berend et al. did note a reduction in the risk of

revision in knees with the tibial component in varus if the

femoral component was placed in ‘‘compensatory’’ valgus

[3]. The tendency to associate a valgus femoral cut with a

varus tibial cut may contribute to the lower IKS scores

noted with femoral component valgus in our series.

In cases of substantial varus (at least 10�), residual varus

limb alignment was associated with improved IKS scores

in our series. The most likely explanation for this finding

is the difficulty associated with obtaining neutral alignment

in patients with substantial varus. Sampath et al. [24]

described the need for increased operative time to obtain

neutral alignment in these difficult cases. This more diffi-

cult and time-consuming procedure requires more complex

bone cuts and larger soft tissue releases, potentially

increasing joint trauma. Additionally, medial soft tissue

contracture has been noted in patients with at least 10�
varus deformity [2], potentially leading to increased ten-

sion medially if alignment is corrected without sufficient

release.

In patients with preoperative varus deformities, residual

postoperative varus deformity after TKA is not associated

with lower postoperative IKS scores or increased failure

rates, provided tibial component varus is avoided. Ideal

postoperative limb alignment is likely multifactorial and

may not be the same for all patients undergoing TKA.
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