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NAVIGATED VERSUS MECHANICAL KNEE REPLACEMENT: COMPARISON
BETWEEN INITIAL NAVIGATED AND CONVENTIONAL CASES
PERFORMED BY THE SAME SURGEON

Alexandre Pagotto Pacheco’, Oswaldo Taglietta Filho', Roberto Freire da Mota e Albuguerque?, Alessandra Cristina Brambilla®

ABSTRACT

Objective: The postoperative mechanical axis in 36 cases of
total knee arthroplasty using navigated and mechanical align-
ment systems was evaluated and compared. All the operations
were performed over the same period by the same surgeon
and team, who were beginners in the navigated technique and
experienced in the mechanical technique. Methods: Between
2008 and 2010, 36 total knee prostheses were performed and
compared: 25 navigated and 11 mechanical procedures. Any
deviation from the axis measured on the panoramic postope-
rative X-ray was considered positive. Results: The navigated
prostheses produced a mean axis deviation of 1.32 degrees

and standard deviation of 1.57 degrees and the mechanical,
respectively 3.18 and 2.99 degrees. There was better align-
ment with a tendency towards a statistical difference favoring
the navigated technique. Conclusion: There were significantly
more cases with axis deviation greater than three degrees
using the mechanical technique. The navigated technique was
incorporated by this team without additional complications
and, even without experience of navigated surgery, the initial
cases achieved better alignment than with the mechanical
technique, and a significantly smaller number of outliers from
the three-degree safety zone.
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INTRODUCTION

Total arthroplasty is greatly used in cases of advan-
ced osteoarthrosis of the knee with the aims of elimina-
ting painful symptoms, correcting deformities and sta-
bilizing the joint. The success of the surgical procedure
depends on several factors, such as patient selection,
prosthesis design, ligament balance and restoration of
the knee joint line and lower-limb alignment!-®,

Restoration of limb alignment is believed to be one
of the principal factors enabling good long-term re-
sults, both clinically and functionally. Varus or valgus
deviation of more than three degrees from the mecha-
nical axis is associated with lower rates of functio-
nal satisfaction and poor results®*%12, A significant
percentage of misalignment from the mechanical axis
may occur in spite of the surgeon’s experience with
mechanical prostheses!?.

Over recent years, computer-assisted surgical sys-
tems have contributed towards surgical precision.
According to Albuquerque et al"'¥, the main con-
tribution of such systems is precision in implanting
prostheses and aligning the mechanical axis of the
operated limb. Furthermore, such procedures are little
more invasive; they diminish or eliminate exposure
to radiation; and the instruments used are the same as
used in mechanical procedures. This last point means
that the technique can be changes without compromi-
sing the procedure.

Comparisons between navigated surgery and the
conventional method*%*!15-17 have demonstrated
that computer-assisted surgery may provide better
alignment in the coronal and sagittal planes (less than
three degrees from neutral alignment), since it helps
the surgeon to determine the alignment throughout
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the operation. Factors weighing against adoption of
the navigation technique by teams that are already
experienced in the mechanical technique include
variables such as the learning curve, increased duration
of the operation and associated morbidity!*?).

OBJECTIVE

To evaluate and compare the postoperative me-
chanical axis in cases of total knee arthroplasty using
navigated and mechanical alignment systems, perfor-
med by a surgeon who was a beginner in the naviga-
ted technique.

MATERIAL AND METHOD

Between 2008 and 2010, 36 total knee prosthe-
ses were implanted in 31 individuals, comprising 12
men and 19 women of mean age 71 years (range:
53 to 85 years), and were subsequently evaluated.
Five individuals underwent the procedure bilaterally.
Twenty-five cases were operated using the navigated
technique and 11 using the mechanical technique. For
the navigated prostheses, the model of the French
company Amplitude was used, with its Amplivision
navigation system. The model for the mechanical
prosthesis was the Brazilian Modular III, made by
the company MDT (in nine cases) and the Advance
Medial Pivot model of the American company Wright
(in two cases).

All the patients had a previous history of knee os-
teoarthritis and were assessed at least six months after
the surgical procedure. In all the operations, the pos-
terior cruciate ligament was sacrificed, and in none
of them was the patella replaced. All the cases with a
mechanical prosthesis were planned by measuring the
physiological valgus of the femur on a digital pano-
ramic radiograph. This was then applied to the distal
femoral cut. The cuts were made using an intrame-
dullary alignment guide on the femur and tibia. No
degree of varus or valgus deformity of the mechani-
cal axis was grounds for exclusion. The cases were
chosen randomly insofar as when the economic and
healthcare conditions and the size according to the
template trials allowed, the navigated technique was
always chosen. For the other cases, mechanical pros-
theses were used. All the operations were performed
by the same surgeon and the same team, composed
of one auxiliary physician, two instrument operators
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and one navigation operator. The surgeon had had 10
years of practical experience of arthroplasties and had
had contact with and had studied the technique, but
had never performed a navigated arthroplasty. The
team had been working together for eight years.

After the operation, frontal digital panoramic ra-
diographs were produced with weight-bearing on the
operated limb, and the mechanical axes were mea-
sured. Any valgus and varus deviations encountered
were noted. Both valgus and varus deviations were
taken into consideration and the numbers were always
taken to be positive. The mechanical axes and the
deviations were determined on radiographs by an in-
dependent evaluator who did not have any knowledge
about the visual differences among the prostheses.

In the statistical analysis, it was found that the va-
riables did not meet the criteria of normal distribu-
tion for comparisons between the samples. Thus, the
Wilcoxon test for independent samples was used. The
results outside of the three-degree safety zone (i.e.
outliers) were also analyzed and were subjected to
Fisher’s exact test. The significance level was taken
to be p <0.05.

RESULTS

The mean deviation from the axis achieved with
the navigated prostheses was 1.32 degree, with a
standard deviation of 1.57 degrees. The mean for the
mechanical prostheses was 3.18 degrees, with a stan-
dard deviation of 2.99 degrees (Table 1). The non-
-parametric comparison found p = 0.0891 (Table 2).
This was not a statistical difference, but it showed a
tendency towards a statistical difference, which might
have been observed if the number of cases had been
greater. Regarding the number of cases outside of
the three-degree safety zone (outliers), there were six
cases among the 11 with the conventional procedure
and only two cases among the 25 navigated cases,
thus presenting a highly significant difference with
p = 0.005 (Table 3).

DISCUSSION

There has been much discussion about the value of
changing to the navigation technique in cases of total
knee arthroplasty operated by trained teams. We have
sought to help to clarify this through the initial cases
conducted by a surgeon with personal experience of
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Table 1 — Deviations obtained.

Deviation seen on postoperative radiograph

Navigated Mechanical
0 5
0 5
2 0
0 6
3 4
0 1
0 4
1 9
1 0
2 1
0 0
4 3.18
0 2.99
6
0
0
1
2
0
0
3
3
2
2
1
1.32
1.57
Table 2 — Statistics on deviations.
Normality
Results Navigated Mechanical
Sample size 25 11
Mean 1.3200 3.1818
Standard deviation 1.5737 2.9939
w 0.8131 0.8916
p 0.0092 0.1978
Normal N Normal
Nonparametric comparison
Results Navigated Mechanical
Sample size 25 11
Sum of posts (Ri) 413.0 253.0
Median 1.00 4.00
U 88.00
Z(V) 1.6999
p-value (unilateral) 0.0446
p-value (bilateral) 0.0891
Tendency towards a statistical difference.
Table 3 — Statistics on the outliers.
Fisher’s exact test Outliers

Three-degree safety zone
Outside Inside Total
Mechanical 6 5 11
Navigated 2 23 25
X? =7.0071 p = 0.005

between 200 and 300 arthroplasties. There had been
adequate training on the navigated technique, but no
practice on it.

Although we did not calculate the duration of the
operation, the increase in the time taken with navi-
gation was not discouraging. In no case was there a
need to deflate the tourniquet until cementation of the
implants. These findings are concordant with the des-
criptions by Albuquerque'V, Biithis et al® and Cheung
and Chiu®, who stated that the increase duration of
the procedure did not have any decisive influence on
the final result. However, it is worth emphasizing that
a good team is required for performing this technique.
Our team had an auxiliary surgeon who was also a
subspecialist on knees, two instrument operators and
one navigation operator. Furthermore, we did not re-
place the patella and we cemented the components in
a single procedure. Without this group, there might
have been an increase in the duration of the operation,
and perhaps greater morbidity.

The criterion for choosing the prosthesis in our
cases was not according to technical difficulty. There
were simple and challenging cases in both groups.
It was sought to minimize alignment errors with the
mechanical technique, by calculating the anatomical
valgus of the femur case by case, using digital
radiographs, in the same way as done by Bithis et
al® and Pang et al'®, who achieved some of the best
alignments among cases with mechanical prostheses
in the comparative studies surveyed. Among the
navigated cases, we had a learning curve, especially
because it often happened that many of the parameters
offered were not greatly made use of. It is likely that,
with increasing experience, the results from navigated
cases should improve.

The prostheses for the navigated and non-navigated
cases had different origins. Therefore, the measure-
ment and cutting instruments could have an influence,
which might represent a further variable that should
be taken into consideration as possible influences on
the final result. However, we believe that each system
was developed for maximum precision regarding mea-
surements, and that we extracted the best from each of
these. Moreover, the orientation of the bone cuts only
has a relationship with the instruments used for po-
sitioning the cutting guides. Thus, comparison of the
cuts made with and without a navigation system does
not depend on the make and model of the prostheses
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used. Obviously, the results may vary as a function of
the navigation system and conventional guides used,
and thus, the results should be given value within this
context, just as in other comparative studies®!>19,

The sample was not large, but it was sufficient
to show a real difference in the means and standard
deviations between the techniques, with a tendency
towards a statistical difference, even though this did
not actually exist. On the other hand, the outliers cal-
culation was highly statistically significant, showing
the cases that went outside of the safety zone of three
degrees of deviation, which was the central aim of our
efforts towards aligning the arthroplasties as well as
possible. This parameter is widely used in the litera-
ture469-1214-10 1t s worth noting that the surgeon
and auxiliary surgeon, between them, had experien-
ce of around 500 mechanical prostheses, while these
were their first cases of navigated prostheses. Even so,
the navigated prostheses achieved smaller deviations
from the axis.

Comparing our results with the literature that we
surveyed®%>1517 " shown here between parentheses,
we obtained a mean of 1.32 degrees (0.4 to 1.9) of
deviation from the axis with the navigated prostheses
and 3.18 (1.0 to 4.2) with the mechanical prostheses.
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CONCLUSIONS
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