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Abstract Despite the frequent use of computer-assisted
total knee arthroplasty (TKA) and better radiological
results for coronal alignment reported in many studies,
there is still no evidence of improved clinical outcomes
when compared to conventional TKA. We compared
alignment after navigated TKA and conventional TKA in
80 randomized patients. Seventy three patients were
available for physical and radiological examination at
20 month after surgery. Both groups showed similar Knee
Society Score results, with medians of 89 points (navigated
49-95 points, conventional 48-95 points, n.s.) in the Knee
Score and 70 points (navigated 45-100 points, conven-
tional 40-100 points, n.s.) in the Function Score. The
median improvement in the Knee Society Knee Score was
45 points (—3 to 88 points) in the navigated group and
35 points (—13 to 62 points) in the conventional group
(P =0.03), and the Knee Society Function Score
improvement was 15 points (—10 to 50 points) in the
navigated group versus 10 points (—10 to 50 points) in the
conventional group (n.s.). The current health state at fol-
low-up using the EuroQuol questionnaire was similar in
both groups, with medians of 67 points in the navigated
group and 65 points in the conventional group. This
investigation did show slightly greater functional
improvement at short-term follow-up in the navigated TKA
group. Longer follow-up will be required to assess the
possible benefit of computer-assisted navigation.
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Introduction

Computer-assisted navigation is frequently used in total
knee arthroplasty (TKA). Several studies have investigated
the precision of implant positioning, and many showed a
better restoration of the mechanical leg axis, at least fewer
outliers outside critical ranges compared to conventional
TKA [1]. It has also been shown that soft tissue balancing
is more accurate with the use of a navigation system
[7, 14]. Therefore, better clinical results and possibly
decreased revision rates have been expected in navigated
TKA.

The use of computer-assisted navigation causes costs,
including the cost of the navigation system and a prolonged
operative time [3, 19]. These costs are justified if there is a
benefit for the patient. It has been suggested that the use of
a navigation system might be cost-effective if there are
decreased revision rates [25]. However, there is till now no
evidence of improved clinical results after navigated TKA
[4]. There are many studies about navigated TKA, but only
a few of them have assessed functional results after more
than a 6-month follow-up [11, 12, 17, 26]. These studies
did not find statistically significant differences between
computer-assisted and conventional TKA.

In a previously published study comparing the compo-
nent alignment between computer-assisted and conven-
tional TKA using radiographic and CT evaluation [16], 80
patients were randomly assigned to either navigated or
conventional cemented, unconstrained, cruciate-retaining
TKA with a rotating platform (Scorpio™ PCS, Stryker
Orthopaedics, Mahwah, NJ) without patellar resurfacing.
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There were fewer outliers outside a range of 3° varus or
valgus in the navigated group, but this difference was not
statistically significant. There were no differences in
coronal, sagittal or rotational alignment of the femoral and
tibial components between the two groups. These patients
have been followed up in order to evaluate the postopera-
tive functional results between navigated and conventional
TKA.

The aim of this study was to determine whether there is
any difference between the functional results of navigated
and conventional TKA. The hypothesis was that the navi-
gated TKA would show better clinical results.

Materials and methods

Inclusion criteria for the primary study (5) included pri-
mary or secondary osteoarthritis of the knee, no previous
hemiarthroplasty or total arthroplasty, a mechanical axis
between 20° varus and 5° valgus and no severe instability
that could not be treated with an unconstrained, cruciate-
retaining TKA. All patients were operated by two surgeons
trained in navigated TKA (SK, JL).

A total of 104 patients met the inclusion criteria and
were screened for enrollment in the study. Fifteen patients
did not provide informed consent, two patients could not be
randomized due to a clinical need for navigation and seven
patients were excluded due to the intraoperative decision
to use a posterior stabilized implant. After giving their
informed consent, 80 patients were randomized to navi-
gated or conventional TKA study arm. The 1:1 randomi-
zation scheme was based on a permutation algorithm
without stratification.

All patients included in the primary study [16] were
invited for follow-up after 18—32 months postoperatively.
The study protocol for follow-up was approved by the local
independent ethics committee in January 2008. Patients
were interviewed by a local study nurse preoperatively and
postoperatively at a median of 20 months after TKA. In
addition to the written interview, the Knee Society Score
[9] and the EuroQol questionnaire (release EQ-5D) were
performed [21].

The Knee Society Score is divided into the knee score
and the function score. In both scores, a total of 100 points
indicates full function. The knee score is based on pain,
range of motion, stability and alignment of the leg. The
function score is based on activities of daily living. The
EuroQol describes the health state of the patient using
subgroups of mobility, self-care, usual activities, pain/dis-
comfort, anxiety/depression and a visual analog scale. The
subgroups are divided into three levels (no problems, some
problems and serious problems/unable to do). The visual
analog scale records the patient’s current health state.

@ Springer

A value of 100 indicates the best imaginable and a value of
0 indicates the worst imaginable health state. Physical
examination was done by either of the two operating sur-
geons (JL, SK).

Radiographic assessment included a full-length standing
and a lateral radiograph. The digital images were evaluated
using the software ID.PACS Release 3.6 (Image Devices,
Idstein, Germany). The mechanical axis was defined as the
angle between a line from the center of the hip to the center
of the tibial tray (fixation peg for rotating platform) and a
line from the center of the tibial tray to the midpoint of the
ankle joint. Radiolucent lines were assessed according to
the criteria of the Knee Society Total Knee Arthroplasty
roentgenographic evaluation and scoring system [6].

Statistical analysis

Endpoints of this investigation were differences between
the two groups in the functional outcome (Knee Society
Score) or in general health state (EuroQol questionnaire).
Data description was based on medians and inter-quartile
ranges for continuous values and on absolute and relative
frequencies for categorical endpoints, respectively. Com-
parisons between groups were based on two sample Wil-
coxon tests for continuous endpoints and on Fisher’s exact
tests for categorical endpoints, respectively. Results of
these exploratory significance tests were summarized in
P-values, where P < 0.05 indicates statistically significant
differences between groups. All analyses were performed
according to the intention-to-treat principle using SPSS®
software (release 16.0 for Windows®).

Sample size was determined based on the ability to
detect a minimum difference of 5° in component alignment
with a minimum power of 80% and the assumption of a
10% drop-out rate, as previously reported in detail [16].

Results

Of the 80 patients assessed in the primary study, two
patients from the conventional group died before initiation
of the follow-up study. Of the remaining 78 patients, five
did not return for a follow-up visit (two from the navigated
group and three from the conventional group), one patient
had undergone revision for a preoperatively unknown
metallic hypersensitivity with persistent swelling. In this
case, the TKA was replaced by an allergy-coated implant.
One patient had a Girdlestone resection following total hip
infection on the same leg. In this case, the implanted TKA
is still in situ, but its function could not reliably be eval-
uvated due to the Girdlestone resection. Three patients
refused to attend the follow-up examination, two of whom
did not report any problems and one who still had some
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pain but declined further examination. Seventy three
patients were available for physical and radiological fol-
low-up after a median of 20 months postoperatively, 38 in
the navigated TKA group and 35 in the conventional TKA
group.

No unexpected device-related events were reported. In
total, there were seven deep venous thromboses, one pul-
monary embolism, four hematomas (none of which led to
revision) and two temporary femoral nerve palsies with
complete regression. No cases of deep infections or
delayed wound healing were reported. In one patient, a
mobilization under anesthesia was necessary 3 months
postoperatively, and in one patient, a revision was per-
formed (as already mentioned).

The Knee Society Knee Score (Table 1) showed lower
values preoperatively in the navigated group but similar
results to the conventional group at follow-up (P = 0.03).
The Knee Society Function Score also showed lower values
preoperatively in the navigated group and similar results to
the conventional group at follow-up (n.s.).

The EuroQol questionnaire demonstrated an improve-
ment of the current health state from in median 50 points
preoperatively in both groups (range: 20-90 in the navi-
gated group, 10-80 in the conventional group) to 70 points
(range: 35-100) at follow-up in the navigated group and 65
points (range: 30-100) in the conventional group on a

Table 1 Preoperative data of the remaining 73 patients, time of
follow-up and results of the Knee Society Score (median, 25th and
75th quartile) after navigated (n = 38) and conventional TKA
(n = 35), 0-200 points for the total score and 0—100 points for the
sub-scores

Navigated Conventional P

Preoperative data

Age at operation (years) 68 (63, 74) 69 (59, 76) n.s.

Gender (% female) 68 66 n.s.

BMI (kg/m?) 30.4 (26.9, 32.7) 29.4 (26.8, 32.8) n.s.

Follow-up (months) 20 (19, 22) 20 (19, 23) n.s.
Knee society score

Preoperative 95 (83, 106) 105 (91, 119) n.s.

Follow-up (month) 156 (138, 173) 155 (134, 165) n.s.

Improvement 61 (36, 80) 43 (18, 70) n.s.
Knee society knee score

Preoperative 38 (26, 56) 45 (38, 61) n.s.

Follow-up (month) 89 (84, 92) 89 (48, 95) n.s.

Improvement 45 (32, 59) 35 (17, 48) 0.03
Knee society function score

Preoperative 52 (49, 60) 60 (50, 60) n.s.

Follow-up (month) 70 (59, 81) 70 (55, 80) n.s.

Improvement 15 (0, 30) 10 (0, 21) n.s.

n.s. Not significant

visual analog scale between 0 and 100. However, there was
notable improvement in the subgroups of mobility, usual
activities and pain/discomfort and less improvement in the
subgroups of self-care and anxiety/depression. There were
no statistical significant differences between the study
groups.

Co-factors such as BMI, Age at operation and gender
had no influence on functional outcome (Knee Society
Score). A preoperative deformity of more than 10° varus
resulted in a greater improvement in the Knee Society
Knee Score, which is due to the direct input of the axis in
this score. Postoperative leg alignment measured on a full-
length standing radiograph had no influence on functional
outcome.

Because we used a rotating platform and the femur and
the tibia could align according to the soft tissue strains, we
were able to measure the rotational deviation between the
femoral and tibial component on the postoperative CT
scans. Nine patients with a postoperative rotational mis-
match of more than 10° between the femoral and tibial
components showed no improvement and had significantly
worse results in the Knee Society Function Score
(Table 2). The postoperative femoral or tibial rotational
alignment of the components alone had no influence on
the functional outcome. None of these co-factors had
an influence on the general health state (EuroQol
questionnaire).

There were no radiolucent lines of more than 1 mm or
changes in implant position at this short-term follow-up
after in median 20 month.

Discussion

The most important finding of the present study was that
there was no difference in short-term functional outcome
and quality of live after navigated and conventional TKA.

Computer-assisted navigation leads in many studies to
more accurate TKA implantation in the coronal plane, or at
least to fewer outliers outside a critical range of 3° varus or
valgus malalignment [1]. Because studies have demon-
strated higher revision rates and less favorable clinical
results for malaligned TKA [2, 10, 15, 24], it is assumed
that computer-assisted navigation may lead to better clin-
ical results.

There are many studies about postoperative alignment in
conventional and navigated TKA, but, despite the frequent
use of computer-assisted navigation, few studies have
reported clinical results of more than 6-month follow-up
[11, 12, 17, 26]. None of these studies demonstrated better
functional outcome for navigated TKA compared to the
conventional technique after short-term to medium-term
follow-up.
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Table 2 Influence of rotational mismatch between femoral and tibial component measured on postoperative CT scans on functional outcome in
the Knee Society Score (median, 25th and 75th quartile, 0-200 points for the total score, 0—100 points for the sub-scores)

Rotational mismatch ~ Preoperative Follow-up Improvement

<10° >10° P <10° >10° P <10° >10° P
KSS 97 (85, 109) 116 (94, 133) n.s. 157 (135, 172) 144 (135, 154) ns. 58 (30,78) 37 (18,54) 0.04
KSS knee 42 (33, 56) 53 (35,68) ns. 89 (75, 92) 89 (87, 92) ns. 43(22,55) 37(17,57) ns.
KSS function 55 (50, 60) 60 (53,65) ns.. 70 (60, 80) 50 (48, 70) 0.02 15 (0, 30) -5 (=8,0) 0.001

Spencer et al. [26] reported about 60 patients (30 navi-
gated and 30 conventional TKA) from a randomized con-
trolled trial of 71 patients. At 2 years, there were no
statistically significant differences between both groups
using the Knee Society Score (156.4 vs. 158.9 points), the
WOMAC (23.4 vs. 13.6 points), the Oxford Knee Score
(26.7 vs. 20.1) and in none of subgroups of the SF-36
Health Survey. This is interesting because the initial study
demonstrated significantly better coronal, sagittal and
rotational alignment for the navigated TKA.

Molfetta et al. [17] reported about 60 patients from a
retrospective case—control study after 5.4 years of follow-
up. They did not show a difference in clinical outcomes
using the Knee Society Knee Score (84 vs. 90 points) and
Function Score (85 vs. 87 points), despite a significantly
better restoration of the mechanical leg axis in navigated
TKA.

Kim et al. [12] reported on 160 patients from an initial
group of 170 who received bilateral sequential TKA, each
patient with one navigated and one conventional implanted
TKA. The Knee Society Knee Score (92 vs. 93 points) and
Function Score (83 vs. 81 points) and Hospital for Special
Surgery Score (89 vs. 91 points) did not show a difference
between the two groups. However, it would seemingly be
difficult to discriminate between two knees in the same
patient for several parts of the scoring (e.g. walking ability,
climbing stairs).

Kamat et al. [11] analyzed retrospectively 565 TKA,
263 that were done using computer navigation and 302
done using the conventional technique. Data were taken
from the arthroplasty outcome program, which included a
postal questionnaire every year using the Oxford Knee
Score. Only 13 navigated and 15 conventional TKAs were
followed up for 5 years. There was no statistical difference
between the two groups in the Oxford Knee Score at any
time. They had 3-year postoperative clinical and radio-
logical follow-up for 67 navigated and 84 conventional
TKA. There were fewer outliers from a neutral mechanical
axis beyond +3° in the navigated group (2.9 vs. 15.5%),
but there was no difference in the Knee Society Score
(164.9 vs. 162 points).

These results are consistent with our findings at
20 months after surgery. There were no differences
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between the two groups in the Knee Society Score and the
general health state evaluated with the EuroQol question-
naire, although the navigated group showed greater
improvement in both scores because the navigated knees
had slightly poorer preoperative scores for both parts of the
Knee Society Score. However, only the improvement in the
Knee Society Knee Score was statistically significant.

TKA is one of the most successful procedures in terms
of functional improvement, quality of life and cost effec-
tiveness [18, 22]. It is therefore difficult for any new
technique to further improve these results. Even if there is
no statistically significant difference between navigated
and conventional TKA in the short-term follow-up, it may
take a longer time to show a possible difference. Longer
follow-up is therefore needed to evaluate the possible
advantages of this technique, which may result in lower
revision rates. Furthermore, the Knee Society Score is
widely accepted for measuring the results after TKA, but it
may not be sensitive enough to detect small functional
differences. Therefore, more sensitive evaluation tools may
be necessary. Further limitations of the study include the
lower Knee Society Score values preoperatively in the
navigated group despite randomization and the loss of
seven patients to follow-up.

On the other hand, the currently most accepted outcome
parameter for the accuracy of TKA implantation is leg
alignment, which is measured in most studies using a full-
leg standing radiograph. It has been demonstrated that the
reliability of this type of radiograph can vary due to inac-
curacies caused by possible flexion and rotation of the leg
[13, 20]. Also, the leg alignment measured on radiographs
does not always correlate with the data given by the nav-
igation system [27]. It has been suggested that the leg
alignment data provided by the navigation system may be
more precise than measurements obtained from full-leg
standing radiographs [27]. Therefore, comparing the
functional results of patients to the measurement of the
full-leg standing radiographs may be a disadvantage of
current studies.

There are more factors than leg alignment affecting
clinical outcome after TKA including rotational alignment,
soft tissue balancing, the patello—femoral joint and patient-
related factors. With the exception of rotational alignment,
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none of these factors have been sufficiently investigated.
It is not known whether computer-assisted navigation
may influence soft tissue balancing and patellar tracking
because these are difficult to measure. However, in our
study, there was no improvement in the Knee Society
Function Score if there was a rotational mismatch between
the femoral and tibial component of more than 10° in the
postoperative CT scan. This mismatch was mainly caused
by malrotation of the tibial component in relation to the
medial third of the tibial tuberosity. It has been assumed
that a rotating platform design is forgiving to malrotation
of the tibia. This seems to be not applicable to our patients.
It could be demonstrated that knees with a rotational
deviation between the femoral and tibial components
showed different kinematics during flexion than rotation-
ally well-aligned knees [8]. Other investigations demon-
strated different kinematics in TKA with external femoral
component rotation compared to neutral or internal femoral
rotation [5, 23]. This may influence functional outcome and
could explain our findings.

Conclusion

Total knee arthroplasty is a very successful procedure
making it difficult to improve its results. Computer-assisted
navigation did not result in a statistically significant better
functional outcome after short-term follow-up. However, it
may take a longer period of follow-up to evaluate whether
better alignment after navigated compared to conventional
TKA may reduce wear and consequently result in lower
revision rates.
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