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Does computer-assisted total knee arthroplasty improve
the overall component position and patient function?
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Abstract

Purpose There remains controversy as to whether computer-
navigated total knee replacement (TKR) improves the over-
all prosthesis alignment and patient function. The aim of this
study was to determine whether computer-assisted total knee
arthroplasty provides superior prosthesis positioning when
compared to a conventional jig-assisted total knee replace-
ment and whether this affected the functional outcome.
Methods This prospective, randomised controlled study com-
pared computer navigated and conventional jig-assisted total
knee replacement in 37 patients who underwent bilateral
TKR. A quantitative assessment of the spatial positioning of
the implant in the 74 total knee replacements was determined
using a low-dose dual-beam CT scanning technique. This
resulted in six parameters of alignment that were compared.
Functional outcomes using the high activity arthroplasty score
and Knee Society score were assessed pre-operatively, post-
operatively, at three years and at five years. Patients also
indicated which knee they felt was subjectively the best.
Results There was no statistically significant difference in
the prosthesis alignment between both groups and the number
of outliers was not decreased with navigation. All function
scores improved from pre-operative to postoperative but there
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was no statistically significant difference between the groups
at five years. At five years, 40.6 % of patients thought their jig-
assisted knee was the better knee compared with 21.9 % their
computer assisted knee and 37.5 % of patients who felt they
were the same.

Conclusion Computer-assisted implantation of total knee
replacements does not offer a significant advantage in pros-
thesis alignment. There was no difference in functional out-
come or subjective “best knee” between the computer-assisted
or jig-assisted knee.

Introduction

The treatment of end-stage arthritis by total knee arthroplasty
has become a predictable procedure reducing pain and increas-
ing patient’s function. The accurate positioning of total knee
prosthetic components has been critical to provide a predict-
able outcome and in reducing the risks of abnormal wear,
instability, loosening and pain [1-6]. Positioning can be affect-
ed by a number of factors which are both patient and surgeon
related [5, 7]. The ideal position should be aligned with the
mechanical axis in both the axial and rotational planes. Patients
have been shown to have better functional outcomes when the
coronal alignment was within 3° of neutral [3-8].
Computer-assisted surgery has been developed to help the
surgeon position the implant in a more accurate position,
resulting in better function and improved longevity. Several
studies have shown computer-assisted navigation systems
increase the precision of implantation in the mechanical axis
[9—-17]. Other studies have suggested that critical axial align-
ment may not be essential to produce good clinical results
and early results show little clinical difference or implant
survival between the two groups [18, 19]. More recently,
medium-term results comparing computer-assisted total
knee arthroplasty (CATKR) to traditional jig-assisted total
knee arthroplasty (JATKR) have shown little difference
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between the two groups, with outcome scores, survival and
patient preference being similar [20, 21]. Computer-assisted
surgery has however been shown to take longer than JATKR
with an average increase of 13—35 minutes [14, 15, 17, 18,
22] as well as incurring increased costs and requiring further
training with a resultant early learning curve.

There are multiple studies looking at alignment and out-
comes in patients undergoing CATKR compared with JATKR;
however, there are only a few using bilateral knee joint re-
placements [15, 17, 18]. Many of these studies have measured
the mechanical axis by full-length standing radiographs of the
lower extremity. This, however, introduces radiographic errors
caused by images that deviate from exact frontal or sagittal
planes, show extension deficits, and errors of rotation between
the tibia and femur [23-25]. Low-dose CT scanning has been
shown to produce an accurate three-dimensional model of the
lower limb, which allows direct measurement of the alignment
of the femoral and tibial components in relation to the mechan-
ical axis or the trans-epicondylar axis [26-28].

The aim of this study was to determine whether CATKR
led to improved prosthesis positioning when compared with
JATKR in patients undergoing one-stage bilateral replace-
ments using accurate low-dose CT scanning and to determine
whether the five-year functional outcome and prosthesis
survival were different between the two methods.

Materials and methodology

Patient selection

This study was a prospective, consecutive series of patients
enrolled over the course of two years who underwent bilateral

TKA at an elective orthopaedic centre between October 2005
and November 2007. All were approached and consented to

Fig. 1 a Measuring femoral
rotation. b Measuring
femoro-tibial mismatch

@ Springer

having one knee replaced using image guidance and the other
with traditional JTKR. There were 37 patients (74 TKRs)
enrolled and all procedures were performed by a single expe-
rienced knee surgeon under the same anaesthetic. The first
knee implanted was always the computer-assisted surgery and
the side was chosen by the nursing staff depending on how the
operating room was setup. There was no input by the surgeon
into which side was operated on using image guidance.

All patients underwent identical procedures with the same
LCS (De Puy, Leeds) uncemented mobile bearing implant
inserted on each side. The CATKR used the Ci Image Guid-
ance (De Puy, Leeds) system and the JATKR used the Com-
plete (De Puy, Leeds) instrument system. Instruments to aid
navigation were used internally, therefore creating no exter-
nal skin markings to affect blinding of patients.

All patients were blinded to which knee used image
guidance and were independently assessed preoperatively
and postoperatively with a high activity arthroplasty score
(developed at our facility in 2005) [29] and the Knee Society
score for pain and function. Postoperatively patients also
completed a visual analogue scale (form 0—10 with 0 being
completely abnormal and 10 a normal knee) comparing each
TKR and to also rate which knee they felt was more normal.
All were followed for a minimum of five years.

CT was performed in all patients in the early postoperative
period and assessed by an experienced, blinded, independent
radiologist.

CT evaluation of alignment and rotation

A low-dose CT technique based on the Perth Protocol [27, 28]
was used and measured all the parameters which the Ci
(DePuy, Leeds) image-guided system aimed to control. In
addition we measured the rotation of the femoral and tibial
components, and their rotation relative to each other.
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Table 1 Comparison of outcomes for JATKR and CATKR procedures for 32 patients. All measurements of prosthetic positioning are in degrees

Measure CATKR (C) JATKR (J) C-J Significance for C - J
Mean (SD) Mean (SD) Mean difference (95%CI) df=22

External rotation® -2.6 -2.9 0.3 0.67
@3.1) 3.2) (-1.2,1.8)

Femoral flexion” 0.1 -0.5 0.6 0.22
(2.3) 2.7) (-0.4, 1.6)

Varus/valgus alignment—femoral® 0.4 0.2 0.2 0.66
(1.8) (1.7) (-0.8,1.2)

Varus/vagal alignment—tibial® 0.1 -0.2 0.3 0.59
(1.9) (2.0) (0.8, 1.5)

Tibial prosthetic alignment® 4.7 5.0 -0.3 0.71
2.7 2.9) -1.7,1.2)

Femorotibial mismatch® -1.8 —4.6 2.7 0.17
(6.2) (6.3) (-1.3,6.8)

CATKR computer-assisted total knee arthroplasty, JATKR traditional jig-assisted total knee arthroplasty

* External rotation of femoral prosthetic component relative to transepicondylar axis. Positive values imply degrees of external rotation; negative

values imply degrees of internal rotation

® Flexion of femoral prosthetic component relative to femoral sagittal anatomical axis. Positive values imply degrees of flexion; negative values

imply degrees of extension

¢ Varus/Valgus alignment of femoral component in relation to mechanical axis of lower limb. Positive values imply degrees of valgus alignment;

negative values imply degrees of varus alignment

9 Varus/Valgus alignment of tibial component in relation to mechanical axis of lower limb. Positive values imply degrees of valgus alignment;

negative values imply degrees of varus alignment

¢ Flexion of tibial prosthetic component relative to tibial sagittal anatomical axis. Positive values imply degrees of posterior slope; negative values

imply degrees of anterior slope

T Femorotibial mismatch—rotation of tibial prosthetic component relative to femoral prosthetic component. Positive values imply degrees of external
rotation of tibial prosthesis on femoral prosthesis; negative values imply degrees of internal rotation

A Siemens Definition dual source CT scanner was used for
scanning of all patients following a standardized protocol. The
patient was positioned supine for the scan, with the legs in
neutral position, patellaec pointing anteriorly, and knees in
maximal extension. No stabilisation of the legs was required
due to the speed of scanning. Scanning was performed from
superior margin of the acetabulum to the talus.

The centre of the femoral head, the centre of the distal femur,
the centre of the tibial plateau, and the centre of the ankle joint
were all identified and axial, coronal and sagittal reconstruc-
tions of the full leg were produced to give the mechanical axis
of the limb in the coronal and sagittal planes. The varus and
valgus alignment of the components was calculated by taking a
line across the base of each component in the coronal plane and
measuring the angle with the mechanical axis.

The degree of flexion/extension of the femoral component
was calculated by measuring the angle of the posterior flange
of femoral component relative to the sagittal femoral ana-
tomical axis. Similarly, the degree of slope of the tibial base
plate was measured relative to the tibial sagittal anatomical
axis. Femoral component rotation was identified by compar-
ing the angle between the posterior condylar line of the
prosthesis relative the epicondylar axis (Fig. 1a). Finally,
the degree of femoro-tibial mismatch was identified by

superimposing axial images of the femoral component and
tibial baseplate. The angle was calculated between posterior
condylar line of the femoral prosthesis, and a line through the
centre of the stem of the tibial baseplate (Fig. 1b).

Statistical analysis
For each radiologic measure, means and standard deviations

were calculated and distributions were inspected using histo-
grams. As each patient was operated on twice, with a different

Femoral External Rotation

Degrees External Rotation

Fig. 2 Femoral prosthesis external rotation (positive values imply
external, negative values imply internal rotation)
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Tibial Varus/Valgus

uCA

S 3 [ =JA

5,4 |3[2/1]l0|1|2]|3]4

Degrees varus/valgus

Fig. 3 Tibial alignment (positive values imply valgus, negative values
imply varus angulation)

procedure on each knee, the measures were paired and were
analysed using paired t-tests. The procedures were not
completely balanced across the left and right legs, with 13
computer-assisted procedures in the left leg and only ten in the
right, and the reverse for the conventional jig procedure.
Therefore the data was also analysed in an analysis of variance
for unbalanced data (PROC GLM in SAS 9.1.2) to check if
the same conclusions were reached when the leg involved was
taken into account. The significance of the comparisons across
the two procedures was similar from both sets of analyses.

Results

There were 37 patients (74 knees) who underwent bilateral
TKIJR. At the five-year follow-up, three patients were de-
ceased (at six months, two years and five years), two further
patients were lost to follow-up as they had emigrated from
the country. This left 32 patients (64 knees) with full clinical
and radiological details at five years.

The average age was 67.3 years (53—80 years) with a
minimum follow up of five years (maximum seven years).

Fig. 4 Comparison of variation

Prosthesis alignment

There was no significant difference in the variability of the
radiological outcome across all measures for alignment. The
variance of each measure was compared across the two pro-
cedures by calculating the correlation between the sum and
the difference across the two procedures for each patient [30]
(Table 1).

Femoral prosthesis alignment

In the coronal plane, the JATKR group showed a range of
between 3° varus and 3° valgus alignment, with a mean
deviation of 0.2° valgus +1.7°. The CATKR group showed
a range of between 4° varus and 4° valgus alignment, with a
mean deviation of 0.4° valgus +1.8°. Four of the JATKRs
achieved neutrality, compared with two CATKRs. If one
assumes a tolerance level of 3°, two CATKRs, but no
JATKR were outside this limit. The difference between the
groups was not statistically significant.

Femoral flexion/extension alignment revealed a variation
of between 3° of flexion and 7° of extension for JATKR with
a non significant mean deviation of 0.5° of extension +2.7°.
In the CATKR the range was from 4° of flexion to 5° of
extension with a mean of 0.1° £2.3°.

The femoral rotation angle results are shown in Fig. 2 with
perfect alignment (0°) achieved in three JATKRs and in one
CATKR. The difference between the groups was not statis-
tically significant.

Tibial prosthesis alignment
Tibial varus/valgus alignment (Fig. 3) ranged between 4°
valgus and 3° varus for the JATKRs (mean deviation of

0.2° varus £2°) and between 4° valgus and 5° varus for the
CATKRs (0.1° valgus 1.9°). Four JATKRs achieved the ideal

Alignment Variation

in alignment between jig-assisted 15
(JA) and computer-assisted
(CA) TKRs 0

B Max
=Mean
HMin

valgus

Femoral varus/ Femoral flex/ext

Tibial varus/
valgus

Femoral rotation Posterior tibial

slope
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Table 2 Pre-operative scores Table 3 CATKR side vs subjective “best” knee
Pre-operative scores CATKR vs best knee
Measure Left Right CATKR side Time of evaluation Right Left Same
Pain Min 6 7 Left Post-op 11 7 11
Max 14 13 2010 6 3 7
Average 10 9.7 Five years 7 4 8
KS pain Min 0 0 Right Post-op 7 9 0
Max 30 45 2010 4 6 2
Average 13 15.0 Five years 3 6 3
Function Min 17 14
Max 33 28 CATKR computer-assisted total knee revision
Average 24 234
KS function Min 5 0 femoral flexion/extension (Fig. 4). Trends noticed were a tighter
Max 80 50 range in the CATKR group compared with the JATKR group in
Average 39 35.7 the posterior tibial slope, however this difference was reversed
Activity Min P P when looking at femoral coronal alignment.
Max 4 4 Despite the outliers being slightly different between
Average 3 2.9 the two groups the means remained very similar across all

of 0°, as opposed to nine of the CATKRs. The difference
between the groups was not statistically significant.

The posterior tibial slope demonstrated a non significant mean
value of 5° £2.9° in the JATKRs and 4.7° +2.7° in the CATKRs.

Femorotibial matching

Matching of the femoral and tibial components was not
statistically significant, although this would not be expected
given that the computer navigation system does not in fact
influence rotation of tibial prosthesis on femoral prosthesis.

Alignment variation

There was a relatively narrow spread of variation in both groups,
particularly in femoral and tibial varus/valgus alignment and

Fig. 5 Subjective “best” knee vs
computer-assisted total knee

measurements.

Femoral varus/femoral flex/ext femoral rotation tibial
varus/posterior tibial valgus valgus slope

Functional outcome

More patients underwent CATKR on the left knee (62.5 %)
than the right. The average age was 67 (59—84) in the group
that the left knee was computer assisted compared with 68
(50-80) on the right.

The pre-operative scores were similar between the groups
with average scores less than one point difference in the
HAAS (Table 2).

All scores improved between pre-operatively and postop-
eratively with pain and function scores having declined
slightly by the five-year assessment.

Best Knee

revision (CATKR) 20
18

16
14
12
10

oNn MO

Post-op

uJA
uCA

© same

3 years

5 years

@ Springer



256

International Orthopaedics (SICOT) (2014) 38:251-257

When asked which knee was better, only one patient
thought both knees were the same at the first assessment
but this number increased to 12 of the 32 patients at the five-
year mark (Fig. 5). At five years, 40.6 % of patients thought
their jig-assisted knee was the better knee compared with
21.9 % their computer-assisted knee and 37.5 % of patients
who felt they were the same.

When divided into two groups according to which knee
was replaced with computer assistance, more patients were
found to rate their conventional jig-assisted knee than their
computer assisted side (Table 3).

Discussion

Total knee arthroplasty is a common operation for the man-
agement of osteoarthritis, and the positioning of components
and alignment are important fundamentals of the procedure
to prevent pain and improve the functional outcome for the
patient. Although there is controversy as to what constitutes
significant malalignment, it has been generally accepted that
alignment within 3° of the neutral axis is likely to lead to
improved outcomes [3—6].

Multiple studies have assessed the accuracy of computer
assisted procedures over the traditional jig-assisted method
in improving component alignment with varying results
[17-21]. The results of this study confirm those that have
shown no statistically significant difference in implant align-
ment between CATKR and JATKR [18-20], and as such
produces further evidence that the routine use of navigation
is not required to improve either implant positioning or
functional outcome in patients with knee arthritis.

It may be that computer navigation does have a role in
complicated cases where there are angular deformities or
retained metalware from other procedures [31].

Ritter et al. [32] reviewed implant survival in relation to
pre-operative and postoperative alignment and showed the
importance of correct alignment in reducing the risk of im-
plant failure. However they found failure rates only increased
if there was greater than 7.4° of valgus malalignment. This
study demonstrated a relatively narrow range of alignment
outcomes, well below the limits set by Ritter et al. [32], which
may in part be due to the single surgeon series, but failed to
demonstrate any advantage in CATKR. Although the follow-
up period was short we were unable to show any improvement
in implant survival with CATKR compared to JATKR.

It could be assumed that alignment closer to neutral would
improve functional outcome and pain and give an overall
better knee subjectively. The results of this study demon-
strated that more patients had a preference for the JATKR
(41 % compared to 22 %). The functional results were similar
when patients were asked to score each knee independently,
which highlights one of the problems of comparing bilateral
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procedures. Patients have difficultly differentiating knee func-
tion when both are functioning satisfactorily. No patient
highlighted that one knee was markedly different from the
other, confirming that the mid-term outcome from both pro-
cedures is reliable for this implant.

The surgeon involved found the side done by computer
assistance took longer than the jig-assisted side. This sup-
ports the results of other studies which have shown up to a
55 % increase in length of surgery [15, 22, 27], correspond-
ing with increased procedural costs. Other extra costs are
also associated with purchasing and training for both sur-
geons and nursing staff. These increased costs do not seem
justified in the current health environment.

This study has limitations in that it was a relatively small
group of patients and the side for surgery was “randomly”
allocated by the operating room staff to suit their set-up,
resulting in a larger number of right compared to left TKRs.
However, by performing the procedures in the same patient
during one operation and by one experienced surgeon, it
helped to remove some of the confounding factors. We
believe these limitations are offset by the strength of the
study which was the “blinding” of all patients and assess-
ments, and the use of a validated radiological method to give
precise implant positioning. The functional outcome scores
were an overall score of patient function rather than an
assessment of each knee separately as it is difficult for a
patient who has undergone bilateral knee joint replacements
to score each knee separately in terms of function. We did
however assess which was the patient’s better knee by asking
them directly.

In conclusion, our study shows no improvement in align-
ment of the prosthesis with computer-assisted navigation in
TKR. More patients noted a subjectively better knee in the
conventional jig-assisted knee than in the computer-assisted
knee.
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