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The neutral mechanical alignment (MA) is regarded as the
gold standard in total knee arthroplasty (TKA), as it guaran-
tees postoperative clinical efficacy and long-term prosthesis

survival. However, 7.5 to 26.8% of patients with a neutral MA
after TKA still were dissatisfaction.1–3 In recent years,
because of advances in prosthetics, studies have found that
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Abstract The effect of residual varus on survival rate and function in patients with varus knee
osteoarthritis (OA) was considered an important issue for successful primary total knee
arthroplasty (TKA). In this study, we compared the midterm clinical and functional
outcomes in patients with different residual varus. A retrospective review of 175 patients
(219 knees) with varus OA was > 3° for the hip-knee-ankle (HKA) who underwent primary
TKA after exclusions and loss to follow-up from237 patients (281 knees). Themean follow-
up period was 5.2 ( � 1.1) years. Patients were divided into four groups according to the
first postoperative HKA angle from weight-bearing full-leg radiographs: “valgus” group
(HKA angle > 0°, n ¼ 44), “neutral” group (–3° � HKA angle < 0°, n ¼ 86), “mild varus”
group (–6° � HKA angle < –3°, n ¼ 62), and “severe varus” group (HKA angle < –6°,
n ¼ 27). Survival analysis, Knee Society Score (KSS, including knee score and functional
score), and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
were compared among the four groups. No knee required revision surgery during follow-
up. For the KSS knee score and functional score at the last follow-up, the neutral and mild
varus groups were better compared with the valgus and severe varus groups (p < 0.05),
and there were no significant differences between the neutral and mild varus groups
(p > 0.05).WOMACscoresof theneutral andmild varus groupswerealsobetter compared
with the valgus and severe varus groups (p < 0.05), and there were no significant
differences between the neutral and mild varus groups at the last follow-up. The post-
operative HKA angle was significantly changed in valgus group between first and at the last
follow-up when compared with the other three groups (p < 0.05). Leaving an HKA angle
at < 6° varus had the same excellent functional outcome as neutral mechanical alignment
after TKA for varus-type OA in the 5-year follow-up, using mechanically aligned technique.
Caution is advised when leaving valgus or leaving severe varus after TKA.
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slight lower extremity alignment deviations do not reduce
the postoperative clinical efficacy of TKA and prosthesis
survival.4–8 It was reported that a neutral alignment did
not increase prosthesis survival rate in the 15-year survival
rate of 398 knees, and the researchers believed that a neutral
alignment does not significantly affect the prognosis of
prosthesis survival with modern prostheses.6 The improve-
ments in prostheses, especially in the design of polyethylene
inserts and materials, greatly reduce wear on joint surfaces
and decrease implant failures because of component mala-
lignment.9 In addition, it was found that the complete
correction of the lower extremity alignment in patients
with preoperative varus deformities may lead to an abnor-
mally large Q angle and subsequently result in knee instabil-
ity.10 Therefore, better clinical efficacy of TKA in patients
with varus knee osteoarthritis may be achieved by leaving
appropriate residual varus.

Therefore, some researchers have begun the search of
new alignment strategies that can enhance the clinical
efficacy of TKA. For instance, kinematic alignment (KA) is
a method that aims to restore the physiological kinematic
axes of knee joints and has currently achieved good 10-year
follow-up and clinical outcomes.11 The concept of KA could
be used in all deformities as reference during TKA, and the
knee may be left in mild varus so as to preserve the original
lower extremity alignment and reduce the extent of soft
tissue release. Such a method may possibly enhance patient
satisfaction after TKA. Moreover, it was reported that a
higher rate of varus limb alignment after MA than with
KA with both patient specific instrumentation as well as
manual instruments, and using conventional instrumenta-
tion had the greatest varus mean MA and most varus
outliers.12

The purpose of the present study was to conduct a retro-
spective analysis of the relationship between postoperative
lower extremity alignment and patient outcome, and
specifically evaluate the correlation between the different
residual deformity and neutral alignment after TKA in varus-
type OA patients.

Methods

Patient Information
The study was approved by institutional review board of
our hospital (IRB No. 2011–011). Patients with varus-type
knee osteoarthritis who underwent primary TKA between
January 1, 2010 and December 31, 2013 were selected for
follow-up.

The exclusion criteria were preoperative valgus or neutral
lower extremity alignment (hip-knee-ankle [HKA] angle
< �3°), a history of knee surgery, other forms of knee arthritis
(traumatic knee arthritis, rheumatoid arthritis, septic arthri-
tis), severe preoperative flexion deformity (over 20°), conco-
mitant severe chronic disease (liver or kidney disease,
malignant tumor, cerebral stroke, severe heart disease), use
of constrained or hinged prostheses, a history of mental or
psychiatric disorders, and poor cooperation due to cultural,
language, or cognitive differences.

A total of 237 patients (281 knees) fulfilled the criteria for
this study. Of these, 175 patients (219 knees, with 116 left
knees and 103 knees) underwent follow-up, including 31
males (38 knees) and 144 females (181 knees), and the
mean age at surgery was 69.9 � 7.2 years (51–85 years).
Thirty-one patients had concomitant diabetes, and 67patients
had concomitant hypertension. The follow-up rate was 73.8%,
and themean follow-up timewas 5.2 � 1.1 years (4–7 years).

Surgical Information
In all knees, a medial parapatellar approach after a standard
midline skin incision was performed. The patella was
retracted, and the anterior cruciate ligament and themenisci
were completely resected. The femoral notch was cleared
from osteophytes, and the posterior cruciate ligament was
also resected. By means of a gouge, the entry point of
intramedullary guides for the femur was marked mediolat-
erally and ventrodorsally with 5° or 6° valgus angle for
general patients according to the preoperative radiological
planning. For the appropriate rotational alignment of the
femoral component, including the posterior condylar axis,
the anteroposterior axis (Whiteside’s line) and the anatomi-
cal transepicondylar axis were used as landmarks. Extra-
medullary guides for the tibia with the center of the tibial
intercondylar eminence and the true center of the anklewere
as the proximal and distal landmarks. All TKA patients were
implanted with a cemented posterior-stabilized total knee
prosthesis. One of the patients underwent patella replace-
ment because of postoperative malunion of a patellar frac-
ture, whereas the other patient did not undergo patella
replacement but treated with removal of peripatellar osteo-
phytes, adequate shaping of the patellar articular surface,
and patellar denervation.

Patients were rehabilitated and discharged from hospital
after TKA according to a uniformprotocol; each patient had a
clean dry wound and could walk satisfactorily with at least
90° of flexion before discharge. All patients underwent an
objective and independent clinical and radiological assess-
ment pre- and postoperatively.

Follow-Up and Observation Indices
Before and after TKA and during follow-up, the Knee Society
Score (KSS) (Knee Score and Functional Score) and Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) scales were reported by the patient and the score
formwas filled by the doctor (Drs. Z.Z. and C.L.), and both KSS
and WOMAC score systems were used to assess clinical
efficacy and knee function. Postoperative complications
were identified and recorded.

Anteroposterior and lateral radiographs of the operated
knee and weight-bearing full-leg radiographs were taken
preoperatively, postoperatively, and during the last follow-
up. The HKA angle was defined as the included angle formed
between the mechanical femoral axis and the mechanical
tibial axis13–15: the angle was expressed as a deviation from
180° with a positive value for valgus and negative value for
varus alignment. In addition, periprosthetic radiolucent lines
were calculated to assess the risk of loosening.
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Statistical Analysis
All data were expressed as the mean standard deviation and
analyzed with Statistical Package for the Social Sciences
(SPSS) version 17.0 (Chicago, IL). All continuous variables
were evaluated using the Student’s t-test or the Mann–
Whitney U test, depending on the distribution characteris-
tics of the data. In all comparisons, a p value < 0.05 was
considered significant.

Results

Patients were divided into four groups according to the first
postoperative HKA angle from weight-bearing full-leg radio-
graphs: “valgus” group (HKA angle > 0°, 1.79° � 1.59°,
n ¼ 44), “neutral” group (�3° � HKA angle < 0°,
�1.6° � 0.9°, n ¼ 86), “mild varus” group (�6° � HKA angle
< � 3°,�4.2° � 0.9°,n ¼ 62), and “severe varus” group (HKA
angle < � 6°, �7.1° � 1.0°, n ¼ 27).

There were no statistically significant differences in
patient age, body mass index, KSS, and WOMAC scores
among the groups before surgery. Periprosthetic joint infec-
tion or prosthetic loosening did not find in all groups. No
knee required revision surgery during follow-up. The final
follow-up KSS and WOMAC scores for the various groups
were significantly higher compared with the preoperative
scores (►Table 1).

For the last follow-up KSS Knee Score, the neutral
(92.1 � 6.5) and mild varus(92.0 � 5.9) groups were better
compared with the valgus (88.2 � 12.6) and severe varus
(87.6 � 9.8) groups (p < 0.05), and for the Functional Score,
the neutral (79.7 � 16.4) and mild varus(81.5 � 18.2)
groups were better compared with the valgus(71.6 � 19.0)
and severe varus (71.5 � 21.1) groups (p < 0.05). WOMAC
scores of the neutral (8.1 � 7.2) and mild varus (7.6 � 5.2)
groups were also better compared with the valgus
(13.3 � 13.3) and severe varus (12.9 � 12.3) groups
(p < 0.05), and there were no significant differences
between the neutral and mild varus groups at the last
follow-up (►Table 2 and ►Fig. 1).

For each patient, the HKA angle measured first post-
operatively (HKA1) was subtracted from the last follow-up
HKA angle (HKA2) to obtain the difference in lower extremity
alignment, dHKA (difference of HKA) ¼ HKA2�HKA1

(►Fig. 2). The differences in dHKA of valgus group (2.5 � 2.5)

was statistically higher than neutral (1.3 � 0.8), mild varus
(0.9 � 0.8), and severe varus (1.0 � 0.6) groups (p < 0.05).

Discussion

In this study of varus-type OA patients, we analyzed patients
who underwent primary TKA treatment at our hospital
between 2010 and 2013. Postoperative KSS values were
clearly increased, and the WOMAC score was clearly
decreased and both statistically significant, indicating a
satisfactory level of treatment efficacy. Moreover, there
were no significant differences between the neutral and
mild varus (<6°) groups at the 5-year follow-up. However,
the postoperative HKA angle was significant changed in
valgus group when compared with other three groups.
Therefore, leaving an HKA angle at < 6° varus had the
same excellent outcome as a neutral MA after TKA, using
mechanically aligned technique.

As we know, the neutral MA has been the long-standing
gold standard in TKA, because malalignment in the lower
extremity coronal plane may result in an imbalance of forces
between themedial and lateral tibial plateau, acceleratedwear
of the polyethylene insert, and increased risk of osteolysis and
prosthesis loosening. Prosthesis malalignment was a high risk
factor for revisions, and thiswasproven through results froma
large number of successive studies.16 In certain studies, it was
reported that deviations of � 3° and above from neutral
alignment were associated with poorer clinical scores (espe-
cially in patientswith a varusMA), and long-term survivalwas
also adversely affected.4,17,18 It was also reported that a non-
neutral alignment increasedaseptic looseningandsubsidence,
ultimately resulting in revision.19,20

However, in recent years, different opinions have
emerged frommany clinical studies. Many researchers found
that mild malalignment in modern prostheses did not result
in an increase in revision rate.4,6,8,13–15,21 Patients with a
postoperative mild varus malalignment and those with a
neutral alignment obtained similarly good clinical scores.5 In
our 5-year follow-up study, it was found that among patients
with varus knee osteoarthritis who underwent TKA, the
neutral and residual mild varus groups obtained better KSS
and WOMAC scores.

Furthermore, as we mentioned in the introduction, KA in
TKA could achieve good 10-year outcomes.11 Although

Table 1 General characteristics and evaluation

Preoperation
(n ¼ 219 knees)

Last follow-up
(n ¼ 219 knees)

p-Valuea

KSS score

Knee scoreb 45.1 � 11.5 90.7 � 8.5 < 0.001

Functional scoreb 36.2 � 11.8 77.6 � 18.5 < 0.001

WOMAC scoreb 46.1 � 6.5 9.68 � 9.3 < 0.001

HKAb(°) �8.1 � 6.7 � 2.9 � 3.7 < 0.001

Abbreviations: HKA, hip-knee-ankle; KSS, Knee Society Score; WOAMC, Western Ontario and McMaster Universities Osteoarthritis Index.
aThe p-values are for the difference between the two groups.
bThe values are given as the mean and standard deviation.
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Table 2 The pre- and postoperative index in different groups

Valgus (n ¼ 44) Neutral (n ¼ 86) Mild varus (n ¼ 62) Severe varus (n ¼ 27)

Agea(y) 66.2 � 7.5 68.0 � 6.7 67.2 � 7.1 63.9 � 7.4

BMIa(kg/m2)a 25.4 � 3.8 25.3 � 3.2 26.2 � 3.6 26.0 � 3.4

Sex (M/F) 6/38 17/69 12/50 3/24

Side (L/R) 20/24 45/41 37/25 14/13

Follow-up timea (y) 4.3 � 0.5 5.4 � 1.3 5.4 � 0.5 5.0 � 1.7

Knee score

Pre-opa 42.9 � 8.8 45.8 � 9.5 44.6 � 15.4 46.6 � 9.2

Last follow-upa 88.2 � 12.6 91.1 � 6.5 92.0 � 5.9 87.6 � 9.8

p-Valueb < 0.01 < 0.01 < 0.01 < 0.01

Functional score

Pre-opa 38.6 � 10.8 35.6 � 11.3 36.6 � 13.1 34.7 � 11.6

Last follow-upa 71.6 � 19.0 79.7 � 16.4 81.5 � 18.2 71.5 � 21.1

p-Valueb < 0.01 < 0.01 < 0.01 < 0.01

WOMAC score

Pre-opa 47.6 � 6.7 45.9 � 6.0 45.8 � 7.5 45.9 � 5.9

Last follow-upa 13.3 � 13.3 8.1 � 7.2 7.6 � 5.2 12.9 � 12.3

p-Valueb < 0.01 < 0.01 < 0.01 < 0.01

Abbreviations: BMI, body mass index; WOAMC, Western Ontario and McMaster Universities Osteoarthritis Index.
aThe values are given as the mean and standard deviation.
bThe p values are for the difference between preoperation and last follow-up in each group.

Fig. 1 The comparison of postoperative Knee score and WOMAC score in different postoperative limb alignment groups at last follow-up.
(�The p-values are for the difference between the groups.). KSS, Knee Society Score; WOMAC, Western Ontario and McMaster Universities
Osteoarthritis Index.
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patient-reported outcome scores following TKA using KA are
similar to MA, the risk of severe varus (>6°) alignment was
much higher with MA than KA.12,22,23 There is no need for
patient-specific instrumentation any longer to perform
this.12,22

On the other hand, many other clinical studies have
indicated the lack of association between postoperative
lower extremity alignment and postoperative prosthesis
survival.6–8 In the retrospective analysis of the 15-year
survival of 398 knees,6 it was found that a neutral alignment
did not improve prosthesis survival; thus, it was concluded
that a neutral alignment does not significantly affect the
prognosis of survival for modern prostheses. A follow-up
over amean duration of 6.2 years on 84 patientswith femoral
bowing deformities who underwent TKA and found that the
changes in lower extremity alignment in patients with a
neutral alignment over the follow-up period were not sta-
tistically significant.21

For patients with deviations of > 3° in the lower extremity
alignment, the mean HKA angle decreased from 4° � 1°
postoperatively to 7° � 1°, indicating an increase in varus
severity, and the resultswere statistically significant. But there
were no differences in other scores and complications among
the two groups of patients. In our study, HKA taken within
postoperativelyandat thefinal follow-up, itwas observed that
thedifferences (dHKA) in thepostoperativeandfinal follow-up
lower extremity alignment for the valgus group were not
statistically significant, whereas the differences were statisti-
cally significantly higher than other groups. In addition, com-
plications, such as loosening and osteolysis,were not observed
in this group of patients. This result is consistent with the
recent findings.14,15,24

However, this study has certain shortcomings, such as our
results could be affected by the relatively short follow-up

duration (mean duration of 5.5 years), and relatively small
number, which resulted in fewer results with statistical
significance, especially in “severe varus” group. Therefore,
a longer duration and large numbers of clinical follow-up are
required for the verification of deviations in lower extremity
alignment in patients included in this study.

In summary, improvements in prostheses have reduced
the effect of slight alignment deviations on prosthesis survi-
val and made the exploration of alignment methods with
better clinical efficacy possible. Therefore, leaving < 6° resi-
dual varus alignment had the same excellent functional
outcome as neutral MA after TKA for varus-type osteoar-
thritis in the mid-term. But caution is advised when leaving
valgus or leaving severe varus after TKA. Our results may
serve as reference for future TKA procedures in patients with
varus knee osteoarthritis.
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