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Abstract
Purpose Computer navigation has the potential to provide
precise intraoperative knowledge to the surgeon. Previous
studies with navigation have confirmed its function for
improved component position but few studies have reported
the accuracy and precision of navigation system in clinical
use. With this study we propose to evaluate the efficacy of
navigation in guiding cup placement.
Methods Fifty-six patients undergoing primary total hip
arthroplasty were prospectively included in this study.
Stryker imageless navigation system which is accurate to
0.5° was used in all cases. Intraoperative data was collected
for the acetabular component position using navigation for
the freehand cup placement and the final cup placement
done using navigation. Postoperative evaluation of compo-
nent position was done with computed tomography (CT)
and the deviation from intraoperative freehand and naviga-
tion values were calculated.
Results The mean inclination of the freehand reading was
39.5° (range, 20°–58°), mean version of freehand reading
was 10.7° (−6°– 27°), and the mean navigation reading was
43.2° (37°–49°) for inclination and 13.0° (−8° – 24°) for
version. On postoperative CT scan analysis the mean
inclination was 45.3° (34°–56°) and mean version was
15.1° (4°–25°). The deviation of the freehand inclination
from the post operative CT scan reading was 11.4° (1°–30°)
and the version deviated by a mean of 10.8° (2°–26°). The
deviation of the navigation reading from the CT scan

reading had a mean of 5.3° (1°–13°) for inclination and 5.6°
(1°–17°) for version.
Conclusion The accuracy of the navigation system over
conventional freehand cup placement is validated by this
study.

Introduction

The position of the acetabular component has historically been
judged by the experience of the surgeon without precise
intraoperative knowledge of the true relationship of the
acetabulum to the pelvic position [1]. The consequence of
clinical judgment alone could be the risk of component
malposition associated with impingement of the femoral neck
on the cup, which can cause dislocation, pain, accelerated
wear, and loosening [2–6]. The surgeon’s performance of
component implantation has traditionally always been mea-
sured by plain radiographs, which have been imprecise in
comparison to the true position of the cup [7, 8]. The advent
of computer navigation has revealed the imprecision of plain
radiographic measurements and that of surgeons using
mechanical guides for implant positioning [1, 9–12].

The primary function of computer navigation is to
provide precise intraoperative knowledge to the surgeon,
including acetabular component placement. Various studies
in literature have assumed more accurate placement of
components will provide fewer short-term complications
and better long-term durability [3, 13–15]. Previous studies
with computer navigation have confirmed its function as an
instrument for improved component placement [1, 9–12].
These studies suggest computer navigation-assisted com-
ponent placement by the surgeon is more predictable and
reproducible because there is knowledge of the position of
the acetabulum relative to the pelvis.
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Due to relatively recent use of computer navigation, no
studies document its contribution to improved long-term
clinical outcomes. Few studies have measured and reported
the accuracy and precision of the computer navigation
system in clinical use. While previous clinical reports
suggest reduced deviation from a target number for cup
inclination and anteversion when using computer naviga-
tion, they have not reported the navigation system’s
accuracy with precision [1, 9–12].

With this study we propose to evaluate the efficacy of
navigation in guiding cup placement intraoperatively and,
with the help of postoperative computerised tomography,
determine the deviation of inclination and version values
from their intraoperative findings. Our null hypothesis was
that computer navigation was no more accurate than the
conventional freehand/eyeballing techniques using the rim
fit or transverse acetabular ligament.

Material and methods

Fifty-six patients were included in this prospective com-
parative study. All patients provided informed consent to
participate in the study. All patients undergoing primary
total hip arthroplasty (THA) were eligible for inclusion in
the study. Patients’ age, sex, side involvement and
indication for surgery were noted. Patients were examined
preoperatively and leg lengths determined clinically and
radiographically, and target leg length was recorded.

All procedures were carried out by a senior author (AK)
who was experienced in navigated surgery and with the use
of cemented and uncemented implants. The Stryker image-
less navigation system (Stryker Orthopaedic, Freiberg,
Germany) was used for all procedures and is accurate to
0.5°. Registration was performed supine, and the patient
was then repositioned and secured in the lateral decubitus
position in standard fashion. All procedures were per-
formed through a standard posterior surgical approach and
differed only in the type of component implanted and mode
of fixation. The operating surgeon elected to use either
cemented or press fit uncemented components, on the basis
of patient age, activity, and surgeon preference.

Intraoperative data were collected with respect to
acetabular component position and orientation using the
navigation system for freehand cup placement as well as for
final cup placement done by navigation assistance. The
version and inclination were recorded for the acetabulum at
reaming, trial reduction and after insertion of the definitive
acetabular component. The “target” position of version and
inclination was determined by the surgeon and indivi-
dualised for each patient. This was declared and recorded
before definitive implantation. First the cup was placed
freehand by the surgeon and the navigation reading for that

position noted. Whatever the deviation from the target
orientation was corrected with the navigation help and
target cup alignment achieved (Figs. 1 and 2). During
component insertion, live feedback from the navigation
system allows component adjustment to target position.
Once seated, no further readjustments were made and the
final navigation reading was recorded. This was done in an
effort to assess the surgeon's accuracy in achieving a
desired goal position using freehand and navigated meth-
ods, not the accuracy of the surgeon's presurgical planning.

The measurement of “final” component position was
determined by postoperative computed tomography (CT)
scans of the pelvis and the operated hip (Figs. 3 and 4). The
most important adjustment done was to take the axial cuts
perpendicular to the anterior pelvic plane, which was
determined after the scout film on a spiral CT machine.
All measurements were performed by a second surgeon
(MSS), who was not involved with the surgery or the
patient care. Acetabular component anteversion and incli-
nation were measured and recorded. The cup inclination
angle was measured directly on the anteroposterior scout
film as the angle produced by the cup axis and the
horizontal tangent drawn along both ischia. The cup version
angle was measured on the broadest axial cut of the cup by
the angle the cup margins subtended on the perpendicular
drawn to the horizontal tangent along the ischia.

To determine the accuracy of acetabular component
positioning, the final orientation angles obtained for
inclination and version (as determined by postoperative
CT scans) were subtracted from the intraoperative values.
The statistical significance of these differences, which we
defined as dAf (deviation of intraoperative freehand
inclination from CT inclination reading) and dVf (deviation
of intraoperative freehand version from CT version reading)
for the freehand reading and dAn (deviation of intra-

Fig. 1 Final cup anteversion as measured by navigation
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operative navigation inclination from CT inclination read-
ing) and dVn (deviation of intraoperative navigation
version from CT version reading) for the navigation
reading, was assessed.

Statistical analysis was done using SPSS software 11.5
(SPSS, Chicago, Ill). This study was approved by the
institutional ethical committee.

Results

Fifty-six patients were prospectively enrolled into this
study. Twenty six were males and 30 were females. Mean
age of the group was 55.8 years (range 29–72 years).
Thirty-one patients had left hip replacement whilst in 25 the
right hip was affected. The indication for surgery was
primary osteoarthrosis in 32 cases, secondary osteoarthrosis

due to trauma or dysplasia in 18 cases and inflammatory
arthritis in six cases.

The mean inclination of the freehand reading was 39.5°
(range, 20°–58°), the mean version of freehand reading was
10.7° (−6°– 27°), the mean navigation reading were 43.2°
(37°–49°) for inclination and 13.0° (−8° – 24°) for version.
On postoperative CT scan analysis the mean inclination was
45.3° (34°–56°) and mean version was 15.1° (4°–25°). On
calculating the deviation of the freehand reading from the
post operative CT scan reading the inclination deviated by a
mean of 11.4° (1°–30°) and the version deviated by a mean
of 10.8° (2°–26°). The deviation of the navigation reading
from the CT scan reading was a mean of 5.3° (1°–13°) for
inclination and 5.6° (1°–17°) for version (Table 1).

There was statistical significant difference between the
deviation of freehand reading and the deviation of
navigation reading in the inclination values (p=0.00) as
well as the version values (p=0.01) on the paired t-test and
hence our null hypothesis was rejected.

Discussion

Acetabular component malposition has been implicated for
various complications of total hip replacement including
impingement, dislocation and early wear and loosening,
among others [12, 16, 17]. Lewinnek et al. [13] have
defined a safe zone for the acetabular component placement
which they postulated would bring down the incidence of
these complications. The safe zone widely accepted by
various authors is inclination of 40°±10° and anteversion of
15°±10° [14, 18, 19].

In this comparative study to improve accuracy of
acetabular component placement, we tried to assess the
freehand angles (as assessed by the navigation system) and

Fig. 4 Post op CT evaluation of final cup version

Fig. 3 Post op CT evaluation of final cup inclination

Fig. 2 Final cup inclination as measured by navigation
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Table 1 Results (all values in degrees)

Sr. No. Freehand Navigation CT value D (freehand) D (navigation)

Inclination Version Inclination Version Inclination Version dAf dVf dAn dVn

1 32 2 40 10 46 8 14 6 6 2

2 40 -6 42 4 55 20 15 26 13 16

3 26 7 40 11 48 22 22 15 8 11

4 52 12 44 14 39 17 13 5 5 3

5 34 24 48 13 42 10 8 14 6 3

6 41 8 40 -4 49 12 8 4 9 16

7 21 9 39 16 51 15 30 6 12 1

8 34 18 41 13 47 9 13 9 6 4

9 47 0 44 13 41 7 6 7 3 6

10 37 14 48 -8 54 9 17 5 6 17

11 58 27 42 15 44 18 14 9 2 3

12 32 6 48 14 44 20 12 14 4 6

13 39 10 44 18 48 24 9 14 4 6

14 20 18 38 13 47 12 27 6 9 1

15 46 14 42 9 34 7 12 7 8 2

16 32 24 47 12 53 16 21 8 6 4

17 53 20 43 16 38 11 15 9 5 5

18 42 17 48 8 43 5 1 12 5 3

19 51 8 43 16 39 13 12 5 4 3

20 30 13 37 20 46 25 16 12 9 5

21 49 5 40 17 35 20 14 15 5 3

22 33 -3 43 9 49 15 16 18 6 6

23 41 4 45 16 56 19 15 15 11 3

24 49 8 40 19 44 12 5 4 4 7

25 28 14 43 16 40 21 12 7 3 5

26 37 -1 45 12 48 18 11 19 3 6

27 38 12 41 16 43 18 5 6 2 2

28 47 16 46 8 38 10 9 6 8 2

29 40 20 38 11 43 4 3 16 5 7

30 27 6 41 14 46 20 19 14 5 6

31 52 10 45 17 47 21 5 11 2 4

32 45 2 41 14 36 24 9 22 5 10

33 39 4 46 10 48 19 9 15 2 9

34 49 13 43 19 50 15 1 2 7 4

35 36 20 45 12 48 9 12 11 3 3

36 29 -5 39 11 44 15 15 20 5 4

37 32 3 43 10 46 18 14 15 3 8

38 38 9 49 15 46 23 8 14 3 8

39 43 15 46 9 53 5 10 10 7 4

40 53 20 44 10 40 13 13 7 4 3

41 48 14 41 19 35 16 13 2 6 3

42 44 24 47 15 43 4 1 20 4 11

43 40 6 46 13 47 21 7 15 1 8

44 32 9 43 16 48 19 16 10 5 3

45 36 18 47 8 53 12 17 6 6 4

46 39 19 42 13 48 5 9 14 6 8

47 43 6 46 15 56 14 13 8 10 1
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subsequently corrected to safe zone with navigation
assistance. This was then evaluated with a postoperative
CT scan to measure the actual cup orientation.

The term “freehand” in literature is not so clearly defined.
Manual positioning of cup by eyeballing and referencing the
same to anatomical structures such as the transverse acetabular
ligament is what is inferred in this study. Transverse
acetabular ligament has been suggested as one of the soft
tissue landmarks by Archbold et al. [20] along with the
acetabular rim and labrum. The main advantage of these
structures being the 3-dimensional view and the patient
specific morphology [19]. But the limitation we faced was
the problem of defining the structures especially in very
obese patients or in acetabuli affected by trauma or dysplasia.
As almost 14.2% (n=8) were found to have some form of
primary or secondary dysplasia in the acetabulum, we found
that the transverse acetabular ligament was difficult to
delineate in these cases and we had to use bony landmarks
such as the acetabular rim and the acetabular notch as
defined by Maruyama et al. [21].

Both the techniques had a dislocation rate of 0.36% to
0.6% in the hands of surgeons who described them, so for a
beginner who has little exposure to assessing these land-
marks, freehand cup positioning is a challenging task.
Hence, to overcome this challenge of minimising this wide
variation, the navigation assisted cup placement has
evolved in the last two decades.

Lawrence et al. [22] have tried to evaluate the same issue
by considering that the navigation system was accurate to
within 5° of the required values. They used a CT based
navigation system and intraoperatively they manipulated
the manual cup position to achieve 35–45° inclination.
Bosker et al. [23] evaluated 200 acetabular components
positioning with postoperative radiographs inserted by

experienced surgeons as well as trainees. They found that
experienced surgeons had a mean deviation of 4° inclination
and 5° of anteversion. The resident trainee on the other hand
misplaced the cup by a mean of 6.3° of inclination and 5.7° of
version. They also concluded that the chance of accurate cup
inclination is only 70% in the most experienced hands and it
falls to 21.5% if the cup is to be placed within 5% of the safe
zone values as described by Lewinnek et al.

In our study of 56 cups we analysed with postop CT for
the deviation between freehand estimates and navigation
suggested reading. The results showed that freehand values
deviated by a mean of 11.4° for inclination (range 1°–30°)
and 10.8° for version (range 2°–26°), whereas the naviga-
tion readings deviated for the same by 5.3° (1°–13°) and
5.6° (1°–17°), respectively. Our study also revealed a
statistically significant difference between the deviation of
freehand and navigation readings in both the inclination
values and the version values; thus conclusively proving
the superior accuracy of navigation assisted cup placement
over the conventional technique.

In two of our early cases, navigation readings appeared
to be way off the safe zone. The navigation estimated a
retroversion of 8° in one case where the surgeon believed
the cup was definitely in the range of 10–15° of anteversion
by the anatomical landmarks. On reanalysing these two
cases step-by-step, we found that we had most probably
erred in the proper patient registration, which is very
important in imageless system. Nogler et al. [12] investi-
gated the use of navigation in cup positioning in cadavers
and they proved the accuracy of the navigation system as
compared to manual methods; but in their study they fixed
screws on the bony landmarks to avoid any errors.
Furthermore, obesity presents a major hindrance in
identifying the points as we found in 18/56 cases of our

Table 1 (continued)

Sr. No. Freehand Navigation CT value D (freehand) D (navigation)

Inclination Version Inclination Version Inclination Version dAf dVf dAn dVn

48 35 3 40 12 46 18 11 15 6 6

49 47 9 42 18 44 21 3 12 2 3

50 51 15 45 24 39 20 12 5 6 4

51 46 21 41 17 44 13 2 8 3 4

52 41 8 44 5 51 14 10 6 7 9

53 38 2 47 18 43 14 5 12 4 4

54 32 11 43 11 41 21 9 10 2 10

55 29 16 39 20 47 10 18 6 8 10

56 43 4 48 17 46 25 3 21 2 8

dAf deviation of intraoperative freehand inclination from CT inclination reading, dVf deviation of intraoperative freehand version from CT version
reading, dAn deviation of intraoperative navigation inclination from CT inclination reading, dVn deviation of intraoperative navigation version
from CT version reading
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study. Two of these cases only had navigation readings
outside the safe zone. Following these initial experiences,
we started to mark our bony landmark preoperatively with
an ECG lead. This allowed us to avoid the errors with
registration in subsequent cases especially in obese
individuals.

The drawbacks of the navigation system are its cost and
additional procedures intraoperatively, such as fixing
tracker and registration which add on to the surgical time.
These can be considered negligible in comparison to the
advantages of navigation assisted cup positioning.

Conclusion

This study validates the accuracy of a navigation system
over the conventional techniques. No matter which cup
orientation is regarded as the best, this position can be
reached with a narrower margin of error using navigation
assistance than that attained by use of conventional
freehand cup placement.
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