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Imageless navigation for insertion of the
acetabular component in total hip

arthroplasty

IS IT AS ACCURATE AS CT-BASED NAVIGATION?

In a prospective randomised clinical study acetabular components were implanted either
freehand (n = 30) or using CT-based (n = 30) or imageless navigation (n = 30). The position of
the component was determined post-operatively on CT scans of the pelvis.

Following conventional freehand placement of the acetabular component, only 14 of the
30 were within the safe zone as defined by Lewinnek et al (40° inclination sp 10°; 15°
anteversion sD 10°). After computer-assisted navigation 25 of 30 acetabular components
(CT-based) and 28 of 30 components (imageless) were positioned within this limit (overall
p < 0.001). No significant differences were observed between CT-based and imageless
navigation (p = 0.23); both showed a significant reduction in variation of the position of the
acetabular component compared with conventional freehand arthroplasty (p < 0.001). The
duration of the operation was increased by eight minutes with imageless and by 17

minutes with CT-based navigation.

Imageless navigation proved as reliable as that using CT in positioning the acetabular

component.

Malposition of the acetabular component in
total hip arthroplasty restricts the range of
movement, is the most common cause of dislo-
cation and can lead to increased and premature
wear.!” Assessing the correct amount of ante-
version and abduction is essential to the assess-
ment of short- and long-term outcomes in total
hip arthroplasty. However, recent studies have
shown that placement of the acetabular com-
ponent within the safe zone with an inclination
of 40° (SD 10°) and anteversion of 15° (D 10°)
as defined by Lewinnek et al,'” is not guaran-
teed when using the freehand technique of
operation, even in the hands of an experienced
surgeon.!'"!3 Using mechanical alignment
guides has not improved the accuracy of place-
ment of the acetabular component signifi-
cantly.'41”

CT-based navigation has enabled significant
improvement in the accuracy of positioning of
the acetabular component,'!%181% but has
not become established as routine because of
the additional operative time, expense and
exposure to radiation.

Imageless navigation may provide a viable
alternative. In this procedure alignment of the
implant is based only on landmarks (anterior
superior iliac spines and pubic tubercles)
acquired intra-operatively by the surgeon
using a reference pointer. They provide the
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basis for ‘surgeon-defined anatomy’ and are
used to define the frontal pelvic plane. Addi-
tional pre- or intra-operative image acquisition
is not required.

We undertook a prospective randomised
study to see whether the accuracy of computer-
assisted placement of the acetabular compo-
nent, both CT-based and imageless, was signif-
icantly better than that obtained by the con-
ventional technique. We also examined whether
the accuracy of placement of the component
using imageless navigation matched that which
was CT-based.

Patients and Methods

This study was carried out following authori-
sation by the Institutional Ethical Board (No.
03/085) and the Federal Office for Radiation
Protection (Z5-22462/2-2003-027). Prelimi-
nary data comparing the results of a frechand
technique and imageless navigation have been
reported in an earlier study.*’

Between August 2004 and June 2005, 99
patients requiring total hip arthroplasty for
primary osteoarthritis were enrolled prospec-
tively in this single-centre study. Exclusion cri-
teria were arthritis secondary to hip dysplasia,
post-traumatic deformities of the pelvis, or,
because a post-operative pelvic CT scan was
required, age at the time of operation of less
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Table I. Age, gender and body mass index (BMI) of the patients in the three study groups

Freehand (n = 30) CT-based (n = 30) Imageless (n = 30) p value
Age (yrs)
Mean (sD; range) 64.7 (8.6; 50 to 79) 63.9 (8.6;50to 79) 63.1 (8.5;50to 77) 0.78
Sex
Men:women 13:17 18:12 12:18 0.39
BMI (kg/m?)
Mean (sD; range) 28.5 (4.1; 20 to 36) 27.8 (4.0; 21 to 42) 27.6 (3.7; 21 to 34) 0.63

than 50 years. After giving written consent to participate in
the clinical and radiological study, the patients were
assigned randomly by lot to one of the three groups: 1) con-
ventional freehand hip arthroplasty, 2) CT-based navigated
placement of the acetabular component, and 3) imageless
navigated placement of the component.

Nine patients were withdrawn from the study. In four
cases the acetabular trial component was insufficiently sta-
ble to ensure satisfactory fixation of the press-fit acetabu-
lar component, and cemented polyethylene acetabular
components were used instead. In two cases of planned
CT-based total hip arthroplasty, the reference points regis-
tered at operation could not be sufficiently well matched to
the pre-operative planning to enable navigation. In the
imageless navigation group, computer-assisted surgery
was interrupted in three patients, once because the pelvic
reference array became loose, and twice because the ace-
tabular component model could not be generated accu-
rately.

In accordance with the study protocol, additional
patients were included until 30 had been operated on in
each group and each had undergone a post-operative CT
examination.

The mean age of the 90 patients (42 men, 48 women)
was 63.9 years (50 to 79; SD 8.5). In 46 patients the right
hip was affected and in 44 the left. The mean body mass
index (BMI) of the patients was 28 (20 to 42; SD 3.9).
Surgical procedure. The surgery was performed by two
senior consultants (JG, LP), both of whom operated on the
same number of patients in each of the three groups. Both
had familiarised themselves with computer-assisted surgery
with more than 50 navigated total hip arthroplasties. All
operations were performed with the patient supine using a
modified transgluteal approach. Press-fit components (Pin-
nacle, DePuy, Warsaw, Indiana), and cement-free hydroxy-
apatite-coated stems (Corail; DePuy) were used. Our target
acetabular component position for all patients was 45°
inclination and 15° anteversion. Depending on the primary
stability, deviations within the safe zone defined by Lewin-
nek et al'® were tolerated.

In the conventional surgery group, the acetabular com-
ponents were placed freehand, without using mechanical or
computerised alignment guides. CT-guided placement of
the component was performed using the CT-based module
of the VectorVision hip 3.0 system (BrainLAB, Heim-
stetten, Germany). Imageless navigation was performed

using the VectorVision hip 3.0 landmark-based module
(BrainLAB).

Outcome measurement. The duration of each operation was
recorded. To provide an indication of the level of peri-
operative blood loss, the reduction in the haemoglobin level
during the first 24 hours was assessed and the volume of
blood collected in the suction drain was measured over the
first 48 hours.

All 90 patients included in the study had a pelvic CT scan
five to six weeks after operation. The position of the acetab-
ular component was evaluated by an independent external
institute (MeVisLab, MeVis, Bremen, Germany) with
knowledge of the surgical technique. The position of the
acetabular component was measured twice by two inde-
pendent examiners on a 3D reconstruction of the pelvis
using image-processing software (based on MeVisLab,
MeVis).

The operative inclination and anteversion as defined by
Murray*! were determined. The differences between the
desired cup positions and that which was achieved were
calculated.

In addition, the intra-operative inclination and antever-
sion documented by the screenshot software for the CT-
based or imageless navigation systems were compared with
the post-operative CT-based analyses to verify the accuracy
of CT-guided and image-free navigation. In order to show
the cup positions graphically with reference to the
Lewinnek safe zone, the position of the cup after operation
was converted to the radiological values for inclination and
anteversion using the algorithm described by Murray.?!
Statistical analysis. The percentage of procedures where
the result was outside the Lewinnek safe zone was consid-
ered as the primary end-point of the study. It was hypothe-
sised that the rate of malpositioning could be reduced from
about 50% to below 15% using either type of navigation.
Using standard assumptions (o = 0.05 two-sided, power =
0.80, chi-squared test), at least 27 patients per group with
adequate post-operative CT scans were required.

Statistical analysis was performed as three group com-
parisons using the chi-squared test for categorical data and
analysis of variance (ANOVA) for continuous measure-
ments. Only where statistical significance was found were
pairwise comparisons of the groups performed.

Statistical analysis was performed using SPSS (version
12, SPSS Inc., Chicago, Illinois). Values for p < 0.05 were
considered statistically significant.
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Table II. Duration of conventional and computer-assisted total hip arthroplasty (THA), decrease in haemoglobin (Hb) per 24

hours, and volume of blood loss per 48 hours

Freehand (n = 30) CT-based (n = 30) Imageless (n = 30) p value
Mean duration of THA in mins (range) 75.1 (40 to 120) 92.0 (61 to 130) 82.6 (53 to 105) 0.002
Mean decrease in Hb/24 hours in mg/dl (range) 3.1(1.5t0 5.7) 3.1(0.9to 4.4) 3.2 (0.4 to 5.5) 0.57
Mean blood loss/48 hours in ml (range) 399 (50 to 1090) 341 (50 to 950) 359 (20 to 730) 0.90
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Fig. 1

Positions of the acetabular component relative to Lewinnek’s safe zone
(grey frame).

Results
There were no significant differences in demographic data
between the three study groups (Table I).

The operation time was increased by 17 minutes when
using CT-based navigation compared with the conventional
technique (p < 0.001) and by eight minutes with imageless
navigation (p = 0.11). Imageless navigation was signifi-
cantly faster than the CT-based method (p = 0.046) (Table
n).

There were no significant differences between the three
groups with regard to the decrease in haemoglobin or blood
drainage (Table II).

No patient suffered a neurovascular complication or
infection in the first six weeks after surgery. One who had
conventional surgery had a dislocation of the hip five weeks
after operation. Using the conventional technique, 16 of the
30 components (53%) were outside Lewinnek’s scale zone
of 40° inclination (SD 10°) and 15° anteversion (SD 10°). In
the CT-based group, five of the 30 components (17%) were
outside the safe zone, as were two of the 30 components
(7%) using imageless navigation (Fig. 1).

Compared with the results of the freechand procedure,
both CT-based (p = 0.003) and imageless navigation (p <
0.001) resulted in a significant reduction in placements out-
side the safe zone, whereas no significant difference was
seen between CT-based and imageless navigated acetabular
component insertion (p = 0.23).
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Fig. 2

Inclination of the acetabular component following freehand, CT-based
and imageless navigation. The boundaries of the boxes indicate the 25th
and the 75th percentiles, the lines within the boxes mark the mean values.
Whiskers above and below the box indicate the 90th and the 10th percen-
tiles. Overall p = 0.27.
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Fig. 3

Anteversion of the acetabular component following freehand, CT-based
and imageless navigation. The boundaries of the boxes indicate the 25th
and the 75th percentiles, the lines within the boxes mark the mean values.
Whiskers above and below the box indicate the 90th and 10th percentiles.
Overall p < 0.001.

For conventional freehand acetabular component place-
ment, the mean inclination was 43.7° (29° to 57°; SD 7.3°)
and the mean anteversion was 22.2° (1° to 53°; sD 14.2°).
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Table lll. Deviations from the desired inclination of 45° and the desired anteversion of 15° using freehand placement of the
acetabular component, CT-based navigation and imageless navigation

Freehand (n = 30) CT-based (n = 30) Imageless (n = 30) p value
Mean deviation from 45° inclination (°) (range) 6.1 (0to 16) 4.2(0to 11) 3.6 (1to 12) 0.015"
Mean deviation from 15° anteversion (°) (range)  13.0 (0 to 38) 5.3(0to 14) 4.2 (0to 10) <0.001"

* freehand vs CT-based p = 0.032; freehand vs imageless p = 0.004; CT-based vs imageless p = 0.44
T freehand vs CT-based p < 0.001; freehand vs imageless p < 0.001; CT-based vs imageless p = 0.51

With CT-based placement, the mean inclination was 41.6°
(34° to 53% sD 4.0°) and the mean anteversion 10.7° (1° to
23°%SD 5.3°).

Acetabular components placed using imageless naviga-
tion had a mean inclination of 43.2° (33° to 50°; SD 4.0°)
and a mean anteversion of 15.2° (5° to 25°%; SD 5.5°).

The smaller variation in the positioning of the acetabular
component between CT-based and imageless navigation
compared with conventional freehand surgery was indi-
cated by the lower standard deviations in the computer-
assisted study groups, especially for anteversion (Figs 2 and
3). For both measurements there is a significant heterogene-
ity of variances (p < 0.001, Levene test).

The mean absolute deviation from our desired inclina-
tion (45°) as well as from the desired anteversion (15°) was
significantly different (p < 0.001) (Table III). Again there
was a significant heterogeneity of variances, with the high-
est variation of measurements in the freehand group. Both
navigated procedures showed significantly lower deviations
for inclination and anteversion compared with the conven-
tional freehand operation technique (p < 0.05). No signifi-
cant difference in deviation from the target position of the
acetabular component was observed between CT-based
and imageless navigation (Table III).

Comparing the angles of inclination and anteversion
recorded by the CT-based navigation systems intra-
operatively with the position of the acetabular component
post-operatively, there was a deviation of 3° for inclination
(0°to 9% SD 2.6°) and 3.3° for anteversion (0° to 9°; SD 2.3°).
For imageless navigation, a deviation of 2.9° for inclination
(0° to 10° sD 2.2°) and 4.2° for anteversion (0° to 13°; SD
3.3%) was found. No significant difference was seen between
the accuracy of CT-based and of imageless navigation (p =
0.24 for inclination, p = 0.91 for anteversion).

Discussion
Malpositioning of the acetabular component in total hip
arthroplasty may result in a limited range of movement,
joint luxation and increased wear, reducing the survival of
the prosthesis."” The aim of this randomised prospective
study was to investigate the results after CT-based and
imageless navigated implantation of the cup and to com-
pare the results with those obtained using the freehand
technique.

Over 50% of the acetabular components implanted
using the freehand technique were outside Lewinnek’s safe
zone. The high variability and imprecision of freehand

placement shown in this study correspond with results pre-
viously published. In a multicentre study carried out by
Saxler et al,'3 only 26 % of the acetabular components posi-
tioned using the freechand method were within the safe
zone. The authors reported a mean inclination of 45.8° (23°
to 71% sD 10.1°) and a mean anteversion of 27.3° (-23° to
59°; 5D 15.0°) measured on CT scans taken after implanting
the acetabular component freechand. Hassan et al'* found
that 42% of the components were positioned outside the
safe zone, despite the use of mechanical alignment guides.
DiGioia et al'® found that 78% of components implanted
freehand were malpositioned as judged by intra-operative
computer-assisted measurements. These inaccuracies can
be significantly reduced by CT-based computer-assisted sur-
gery, 11121819

In this study, the computer-assisted total hip arthroplasty
was performed with the patient supine. CT-based or image-
less navigation can also be performed with the patient in
the lateral position, either using the so called “flip-tech-
nique’, referencing the bony landmarks to determine the
anterior pelvic plane in the supine position, with implant
insertion after relocation of the patient to the lateral posi-
tion, or by slightly changing the lateral position for refer-
encing to be able to acquire the contralateral anterior
superior iliac spine. However, the accuracy of CT-based or
imageless navigation in THA performed in the lateral posi-
tion needs to be determined in additional studies.

Imageless navigation, also known as kinematic or land-
mark-based navigation, is another option which has not
previously been verified against CT-based navigation. We
have shown that placement of the acetabular component
using imageless navigation is as accurate as the CT-based
method in patients with primary osteoarthritis. Both tech-
niques significantly reduce the variation in the positioning
of the component compared with the conventional free-
hand method. The clinical results of imageless navigation
which we obtained correspond with those of previous in
vitro studies.'®!” CT-based navigation might still have
some advantages over the imageless system in patients with
abnormal anatomy such as hip dysplasia, post-traumatic
deformities or in revision procedures,”? but this requires
further investigation.

It is not always possible to maintain the preferred incli-
nation and anteversion even with computer-assisted tech-
niques. Deviations in the position of the acetabular
component can arise during impaction of press-fit compo-
nents, because of under-reaming or of oversizing.!! How-
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ever, whereas these problems are not usually perceived or
their extent estimated with a conventional surgical tech-
nique, navigational support enables constant monitoring of
the orientation of the cup. The surgeon can then assess
whether any deviation is acceptable or whether the position
should be corrected.

Evaluation of the position of the acetabular component
on post-operative CT scans is superior to standard radio-
graphic analysis, where determination of anteversion may
result in significant errors.?3%

Imageless navigation is a reliable technical tool which
significantly reduces the variation and inaccuracies of con-
ventional freehand placement of the acetabular component
in hip arthroplasty and is as accurate as the CT-based
method. Further studies are required to evaluate the accu-
racy of navigating femoral implants, and to examine
whether the improvement in acetabular placement
achieved by navigation reduces post-operative complica-
tions and increases mid- and long-term survival of the
implant in arthroplasty of the hip.

Supplementary Material

XXH A further opinion by Professor Rémy Nizard is avail-
. able with the electronic version of this paper on our
website at www.jbjs.org.uk

Statistical analysis was performed by Rolf Lefering MD, Institute for Research
in Operative Medicine, University Witten-Herdecke, Germany. The navigation
system used in this study was provided by BrainLAB, Heimstetten, Germany.

No benefits in any form have been received or will be received from a com-
mercial party related directly or indirectly to the subject of this article.
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