
The success of total knee arthro-
plasty (TKA) in relieving pain and

improving function has been well-
documented.1,2 Long-term survival of
TKA has been shown to correlate with

achieving appropriate coronal plane
alignment.3,4 Radiographic evaluation
of leg alignment is included in the ob-
jective outcome assessment of the
Knee Society Score (KSS)5; however,

the issue of patient satisfaction with
post-TKA lower extremity alignment
has, to our knowledge, not been ad-
dressed in any of the commonly
reported arthroplasty outcome mea-
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Objective: This study was designed to address a recurring observation in our centre that, despite a satis-
factory postoperative radiographic limb alignment, some patients are dissatisfied with the alignment and
appearance of their operated leg. We carried out a prospective survey to determine patient perception of
limb alignment after total knee arthroplasty (TKA) and whether level of satisfaction with alignment af-
fects clinical outcome. Methods: Patients self-rated their alignment, their satisfaction with alignment and
their level of knee pain on a visual analogue scale (VAS). Additional outcome measures included pre- and
postoperative Knee Society Score (KSS), Oxford Knee Score (OKS) and the Health Survey Short Form
(SF-12). Results: Twenty of 87 (23%) patients were dissatisfied with their new leg alignment and had a
poorer perception of pain and range of motion after TKA. Despite this finding, KSS and OKS were no
different between patients who were satisfied and those who were dissatisfied with their limb alignment.
The SF-12 showed a trend toward lower scores in patients who were dissatisfied with their limb align-
ment. Conclusions: Satisfaction with perceived limb alignment appears to influence outcome after TKA
and is not reflected in current outcome scales. Perhaps patients should be counselled on how alignment is
restored and on what to expect of their limb alignment and appearance after TKA.

Objectif : Cette étude visait à donner suite à une observation qui revenait souvent dans notre Centre, soit
qu’en dépit de l’alignement satisfaisant du membre confirmé par radiographie postopératoire, certains pa-
tients sont insatisfaits de l’alignement et de l’apparence de leur jambe opérée. Nous avons procédé à un
sondage prospectif pour déterminer la perception que les patients ont de l’alignement du membre après
une arthroplastie totale du genou (ATG) et si le niveau de satisfaction à l’égard de l’alignement a un effet
sur le résultat clinique. Méthodes : Les patients ont autoévalué leur alignement, leur satisfaction à l’égard
de celui-ci et leur niveau de douleur au genou sur une échelle visuelle analogue (EVA). On a mesuré
d’autres résultats comme le score de la Knee Society (KSS), le score d’Oxford pour le genou (OKS) et le
formulaire abrégé de l’Enquête sur la santé (SF-12). Résultats : Vingt des 87 patients (23 %) étaient in-
satisfaits du nouvel alignement de leur jambe et avaient une moins bonne perception de la douleur et de
l’amplitude du mouvement après l’ATG. En dépit de cette constatation, les scores KSS et OKS n’étaient
pas différents entre les patients satisfaits de l’alignement de leur membre et ceux qui ne l’étaient pas. Leur
formulaire SF-12 a révélé une tendance à des scores plus faibles chez les patients insatisfaits de l’alignement
de leur membre. Conclusions : La satisfaction à l’égard de l’alignement perçu du membre semble avoir
une influence sur le résultat après une ATG et ne se reflète pas dans les échelles courantes de résultats. Il
faudrait peut-être expliquer aux patients comment on rétablit l’alignement et leur dire à quoi ils doivent
s’attendre quant à l’alignement et à l’apparence de leur membre après une ATG.



sures, including the KSS, the Oxford
Knee Score (OKS) and the Western
Ontario and McMaster Universities
Arthritis Index (WOMAC) disease-
specific functional rating tools.5–7

Fitzpatrick and colleagues8 ob-
served that patient expectations are
strongly linked to clinical outcomes.
Mancuso and collaborators9 devel-
oped the Hospital for Special Surgery
Knee Replacement Expectations Sur-
vey to address this topic, with relevant
questions largely based on pain relief,
improving range of motion (ROM)
and function. Further, when Bullens
and colleagues10 compared subjective
and objective outcomes for TKA, they
found a poor correlation between
physician and patient perspectives. It
has been widely reported that sur-
geons often perceive outcomes of to-
tal hip and knee arthroplasty with
more success than patients do.11–14

This study was designed to address
a recurring observation in our centre
that, despite a satisfactory postopera-
tive radiographic limb alignment,
some patients are dissatisfied with the
alignment and appearance of their
operated leg. It was occasionally ob-
served that, when the relative width
of the pelvis is large relative to limb
length, specifically among women,
the limb often appeared valgus clini-
cally when radiographically it was
varus gonarthrosis. Further, once
alignment was corrected to neutral
radiographically with a TKA, their
knees appeared to be more valgus,
which was unsatisfactory to some pa-
tients. Our primary objective was to
determine whether patient dissatisfac-
tion with self-perceived knee align-
ment contributed to an inferior clini-
cal outcome. Given our above-noted
clinical observation, we also sought to
determine whether sex and body
mass index (BMI) contributed to a
misperception of limb alignment and
greater patient dissatisfaction.

Materials and methods

After obtaining Research Ethics Board
approval, 87 patients undergoing elec-

tive primary unilateral TKA for os-
teoarthritis between August 2003 and
March 2004 at a single tertiary care
arthroplasty centre consented to par-
ticipate in a prospective evaluation of
their perceived satisfaction with post-
operative TKA alignment.

Patients were asked to complete a
nonvalidated knee alignment ques-
tionnaire preoperatively (1 week
before surgery) and at 6 months
postoperative (Fig. 1). Patients were
asked whether they were satisfied
with their limb alignment. The ques-
tionnaire included a visual analogue
scale (VAS) of pain and ROM as well
as pictorials and descriptions illustrat-
ing varus, normal and valgus limb
alignment. The questionnaire in-
cluded a 5-point ordinal scale, which
asked patients to self-rate the severity
of their deformity (Fig. 1).

All patients were examined clini-
cally and radiographically at preopera-
tive assessment and 6 months post-
operative. Clinical outcome assessment
included measured ROM and the
KSS,5 as recorded by an independent
observer who was not involved in di-
rect patient care. We reported the
KSS clinical score, which incorporates
pain, stability and ROM and the KSS
function score, which rates the pa-
tient’s ability to walk and climb stairs
and perform activities of daily living.

Supplementary subjective outcome
tools completed by the patient preop-
eratively and at 6 months postopera-
tive included the OKS6 and the
Health Survey Short Form (SF-12),15

which incorporates both physical and
mental component summary scores.

Standardized 3-foot anteroposte-
rior radiographs were used to mea-
sure preoperative and postoperative
anatomic knee alignment. The
tibiofemoral angle is measured by in-
tersecting the femoral anatomic axis
with the tibial anatomic axis.16 As per
Petersen and Engh,16 acceptable
alignment was defined as an anatomic
axis of 4 to 10 degrees valgus. Radi-
ographic alignment was compared
with patient perception of alignment,
rated as varus, valgus or normal, as

documented on the questionnaire.
An independent observer performed
radiographic measurement.

We analyzed all categorical data, us-
ing descriptive statistics and the chi-
square test or Fisher’s exact test where
appropriate. We analyzed continuous
data, including age, BMI, radiographic
alignment measures, ROM and out-
come scores, using descriptive statistics.
Outcome variables among patients sat-
isfied with postoperative alignment,
compared with unsatisfied patients,
were analyzed with the independent
samples t test. A value of p < 0.05 was
considered statistically significant. 

Results

The study sample comprised 87 con-
secutive unilateral TKA patients un-
dergoing surgery for osteoarthritis,
including 56 (64.4%) women and 31
(35.6%) men. Patients’ mean age was
69.2 (standard deviation [SD] 8.8)
years and mean BMI was 33.3
(SD 6) kg/m2.

Of the study sample, 51 of
87 (58.6%) patients were correct in
determining their preoperative knee
alignment as varus, valgus or normal,
and 56 of 87 (64.4%) were correct in
determining their postoperative align-
ment, as confirmed by radiographic
alignment measurement.

Sixty-seven of 87 patients (77%)
were satisfied with their postoperative
alignment, whereas 20 of 87 (23%)
were dissatisfied. Sixty-seven of
48 (71.6%) satisfied patients correctly
described their alignment, while only
8 of 20 (40%) patients dissatisfied with
their postoperative alignment correctly
determined their alignment (p = 0.01).
Preoperatively, both the satisfied and
the dissatisfied patients rated the sever-
ity of their deformity similarly. Post-
operatively, the dissatisfied patients
perceived the malalignment of their
limb as moderate or severe, while the
satisfied patients rated their deformity
from mild to none (Table 1).

The mean radiographic alignment
was no different between patients
who were satisfied with their align-
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ment and those who were dissatisfied.
Mean preoperative radiographic
tibiofemoral alignment was 4.3 de-
grees for both the satisfied (SD 4.2°)
and the dissatisfied group (SD 4.7°),
and postoperative tibiofemoral radi-
ographic alignment was 5.3 degrees
(SD 2.4° and SD 2.2°, respectively)
for both groups. Of all patients, 84%
had normal radiographic alignment
(4°–10° tibiofemoral angle). Of the
20 dissatisfied patients, only 1 was
outside the neutral range (4°–10°),
with a 2-degree tibiofemoral angle.

Patient demographics, including
age, sex and BMI, were not statisti-
cally different between patients who
were satisfied with their limb align-
ment and those who were dissatisfied
(Table 2).

Mean preoperative VAS pain score
was similar between the 2 groups,
with a score of 57.7 (SD 24.8) for
satisfied patients and 58 (SD 21.1)
for dissatisfied patients (p = 0.959).
Six-month postoperative VAS pain
score was significantly different be-
tween the 2 groups, with a mean

score of 14.3 (SD 13.8) for the satis-
fied group and 35.8 (SD 29.5) for
the dissatisfied group (p = 0.005)
(Table 3).

Mean preoperative VAS knee ROM
was rated as 43.7 (SD 26.4) by the sat-
isfied group and 45.9 (SD 23.7) by
the dissatisfied group (p =0.734),
while postoperative VAS knee range
of movement was rated as 16.1
(SD 16) by the satisfied group and
34.7 (SD 26) by the dissatisfied
group (p = 0.006) (Table 3). Mean
actual preoperative measured ROM

Patient perception of alignment and TKA
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Knee Alignment Patient Satisfaction Questionnaire
All questions pertain to your operative knee only

1. Are you satisfied with your knee alignment? •YesYes • NoNo

2. How would you rate your knee pain? (Please indicate by placing a slash “/” on the line)

No Pain Worst possible pain

3. How would you rate your knee movement? (Please indicate by placing a slash “/” on the line)

Full movement No movement

4. Please describe your knee alignment, using the images below as a guide.

•  BowBow-legged (varus)

•  KnockKnock-knees (valgus)

•  Straight or normalStraight or normal

Bow-legged (varus) Knock-knees (valgus)

5. If you indicated varus or valgus alignment in question 4, how would you describe your knee alignment
deformity?

•NonNone •Very Mild          • Mild          •  Moderate          Very Mild • Mild • Moderate •  SevereSevere

FIG. 1. Nonvalidated patient-derived questionnaire to assess patient satisfaction with alignment, perception of alignment, pain
and range of motion.



was different between the 2 groups,
at 111.9 (SD 10.6) for the satisfied
group and 107.8 (SD 15.3) for the
dissatisfied group (p = 0.292). At 6
months postoperative, we showed a
significant difference in measured
ROM between the 2 groups; ROM
for the satisfied group was 111.1
(SD 10.2) and for the dissatisfied
group was 102.7 (SD 9.2) (p = 0.007)
(Table 3).

Interestingly, mean actual ROM
and patient perceived ROM as mea-
sured with the VAS scale were signif-

icantly correlated both preoperatively
(0.044) and postoperatively (p =
0.007) for the 2 groups.

The mean KSS and OKS scores did
not differ between the patients who
were satisfied with their limb alignment
and those who were dissatisfied both
pre- and postoperatively (Table 4).

The SF-12 scores showed a trend
toward a higher score preoperatively
in the group of patients dissatisfied
with limb alignment (33.9 v. 39.2;
p = 0.056) and less improved scores at
6 months postoperative in those who

were dissatisfied with limb alignment
(39.8 v. 47.2; p < 0.002) (Table 4).

Discussion

The current study confirmed our im-
pression that patient perception of
knee alignment correlates poorly with
true radiographic alignment. Despite
generally normal radiographic align-
ment, almost one-quarter of patients
were dissatisfied with their limb align-
ment. Patients who were dissatisfied
were more likely to incorrectly per-
ceive their alignment and rate the de-
formity as more severe. We tried to
implicate overlying soft tissues or
limb shape as the cause for this mis-
perception of limb alignment. Large
BMI and female sex were thought to
reflect this misleading limb shape;
however, these factors were not
shown to correlate with a poor per-
ception of limb alignment.

Patients dissatisfied with their limb
alignment had poorer self-perceived
pain and ROM postoperatively than
did patients who were satisfied with
their alignment. Objectively, there
was a difference in measured ROM
between the 2 groups but no differ-
ence in knee alignment. It is difficult
to ascertain whether the perceived in-
creased pain and poorer ROM
reflects dissatisfaction with limb align-
ment or whether all 3 factors reflect a
global feeling of dissatisfaction not
captured in the KSS and OKS. When
comparing the SF-12 scores pre-
operatively between our 2 groups,
the difference did not reach statistical
significance (p = 0.056). It did, how-
ever, show a trend toward the dissat-
isfied group functioning better
preoperatively with little improve-
ment postoperatively. With a larger
sample size, this might have reached
significance, making it valuable in fu-
ture studies predicting patients with
poorer subjective outcomes after
TKA. Perhaps patients dissatisfied
with their limb alignment generally
had a higher expectation from their
TKA, compared with those who were
satisfied with their limb alignment.
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Table 1

Patient perception of knee alignment and actual alignment

Group; no. of patients
(and %)*

Perceived knee
alignment

Satisfied
(n = 67)

Dissatisfied
(n = 20) p value

Deformity

Preoperative
None 8 (11.9) 3 (15) 0.710

Very mild 12 (17.9) 1 (5) 0.283

Mild 11 (16.4) 6 (30) 0.205

Moderate 28 (41.8) 7 (35) 0.587

Severe 8 (11.9) 3 (15) 0.710

Postoperative
None 32 (47.8) 0 < 0.0001†

Very mild 26 (38.8) 0 < 0.0001†

Mild 9 (13.4) 0 0.111

Moderate 0 13 (65) < 0.0001†

Severe 0 7 (35) < 0.0001†

Actual radiographic
knee alignment, angle
(and SD)
Preoperative 4.3° (4.2°) 4.3° (4.7°)

Postoperative 5.3° (2.4°) 5.3° (2.2°)
SD = standard deviation.
*Unless otherwise indicated.
†Denotes statistically significant.

Table 2

Demographics of satisfied versus dissatisfied patients with knee alignment

Group; mean (and SD)*

Demographics
Satisfied
(n = 67)

Dissatisfied
(n = 20) p value

% women 65.7 60 0.642

Age, yr 69 (8.6) 69 (9.6) —

BMI, kg/m2 33.6 (5.7) 32.4 (7) 0.425
SD = standard deviation; BMI = body mass index.
*Unless otherwise indicated.



Patient misperception of knee
alignment is likely multifactorial. It
may be that patients simply did not
understand the meaning of alignment,
despite pictorials and descriptions. The
issue of patient satisfaction or, more
specifically, dissatisfaction, with knee
alignment is far more complex. It may
be that the dissatisfaction noted in our
study reveals other variables in addi-
tion to alignment, such as a perception
of more pain and poorer ROM.
Although the group of patients dissat-
isfied with their knee alignment re-
ported greater VAS pain scores, it
might have been helpful to corrobo-
rate this finding to objective measures,
such as narcotic use postsurgery. Re-
gardless, limb alignment appears to be
an issue that is important to patients,
and it is not addressed in the outcome
measures evaluated in this study.

Although we used a nonvalidated
questionnaire to gather data for this
study, there is, to our knowledge, no
subjective outcome tool that evaluates
patient perception of knee alignment.
Several studies have demonstrated
that simple questionnaires on patient
satisfaction have high correlation with
more elaborate disease-specific ques-
tionnaires and are very reliable.17,18 A
study should be undertaken to vali-
date a questionnaire that incorporates
the issue of patient satisfaction with
their perceived knee alignment.

Restoring a neutral mechanical axis
is a key technical consideration in
TKA and has been shown to correlate
with improved implant survival.3,4

Achieving this balance can be chal-
lenging. Petersen and Engh16 restored
neutral alignment in 74% of their
cases. Mahaluxmivala and colleagues19

achieved a neutral mechanical align-
ment in 75% of cases in a series of 673
patients. In the current study, neutral
alignment was achieved in 84% of
cases, which likely reflects improved
instrumentation. While we don’t rec-
ommend altering alignment to try to
match what a patient perceives as sat-
isfactory, we do acknowledge that a
discussion should take place to deter-
mine patient expectations preopera-

tively. Patients can then be counselled
on what limb alignment and appear-
ance will be achieved after correction
within a neutral range.

In conclusion, perceived knee
alignment seems to be a factor that in-
fluences patient perceived outcomes
after TKA and is not reflected in com-
monly used subjective outcome tools.
We could not identify patients at risk
for dissatisfaction with knee alignment
based on sex or BMI. This study sup-
ports the need to place greater empha-
sis on matching patient expectations to

outcomes. Specifically, patients should
be educated on what to expect of the
appearance of their limb after TKA.
This may be accomplished by explain-
ing preoperatively that they have a ra-
diographic deformity that needs to be
corrected, even though they may not
appreciate that deformity clinically in
their own limb. Patient satisfaction
with regard to limb alignment should
be considered for inclusion in subjec-
tive TKA outcome tools.

Patient perception of alignment and TKA
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Table 3

Pain, perceived ROM as measured by VAS, and actual ROM

Group; mean (and SD)

ROM and pain scores Satisfied (n = 67)
Dissatisfied

(n = 20) p value

VAS ROM    
Preoperative 43.7 (26.4) 45.9 (23.7) 0.734

Postoperative 16.1 (16) 34.7 (26) 0.006*

Measured ROM    
Preoperative 111.9° (10.6°) 107.8° (15.3°) 0.292

Postoperative 111.1° (10.2°) 102.7° (9.2°) 0.007*

VAS pain score    
Preoperative 57.7 (24.8) 58.0 (21.1) 0.959

Postoperative 14.3 (13.8) 35.8 (29.5) 0.005*
ROM = range of motion; VAS = visual analogue scale; SD = standard deviation; BMI = body mass index.
*Denotes statistically significant.

Table 4

KSS, OKS and SF-12 for patients satisfied versus dissatisfied with their limb
alignment

Group; mean score (and SD)

Outcome scores Satisfied (n = 67)
Dissatisfied

(n = 20) p value

KSS – clinical
Preoperative 33.7 (14.8) 28.3 (10.9) 0.159

Postoperative 90.1 (9.8) 85.5 (14.5) 0.167

KSS – function
Preoperative 37.5 (14.6) 40.8 (11.2) 0.365

Postoperative 76.7 (23.9) 74.6 (16.3) 0.763

OKS
Preoperative 38.6 (7.8) 39.2 (6.8) 0.783

Postoperative 23.2 (6.7) 28.3 (11.7) 0.213

SF-12 survey
Preoperative 33.9 (9.7) 39.2 (11.2) 0.056

Postoperative 47.2 (9.2) 39.8 (8.5) 0.002*
KSS = Knee Society Score; OKS = Oxford Knee Score; SF-12 = Health Survey Short Form; SD = standard
deviation.
*Denotes statistically significant.
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