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Abstract The use of computer navigation during hip

resurfacing has been proposed to reduce the risk of a

malaligned component and notching with subsequent

postoperative femoral neck fracture. Femoral component

malalignment and notching have been identified as the

major factors associated with femoral neck fracture after

hip resurfacing. We performed 37 hip resurfacing proce-

dures using an imageless computer navigation system.

Preoperatively, we generated a patient-specific computer

model of the proximal femur and planned a target angle for

placement of the femoral component in the coronal plane.

The mean navigation angle after implantation (135.5�)

correlated with the target stem-shaft angle (135.4�). After

implantation, the mean stem-shaft angle of the femoral

component measured by three-dimensional computed

tomography (135.1�) correlated with the navigation target

stem-shaft angle (135.4�). The computer navigation system

generates a reliable model of the proximal femur. It allows

accurate placement of the femoral component and provides

precise measurement of implant alignment during hip

resurfacing, thereby reducing the risk of component mal-

positioning and femoral neck notching.

Introduction

Metal-on-metal hip resurfacing has been advocated for

treating osteoarthritis in younger patients as an alternative

to THA, and promising early clinical results have been

reported [8, 25]. Fracture of the femoral neck after hip

resurfacing has a reported incidence of 1.5% to 7.2% [21,

23], and in patients with developmental dysplasia of the

hip, the dislocation rate after hip resurfacing may be as

much as 5% [1]. The learning curve is long and the pro-

cedure may not be safe in the hands of inexperienced

surgeons.

Several studies have identified varus malpositioning as a

risk factor for femoral neck fracture after hip resurfacing

[4, 5, 18, 23]. A stem-shaft angle less than 135� and varus

angulation greater than 5� relative to the anatomic neck-

shaft angle have been associated with an increased risk of

implant failure. Superior femoral neck notching may be

caused by inferior or valgus malpositioning of the femoral

component and has been implicated in mechanical weak-

ening [18, 20] of the femoral neck and impairment of

vascularity of the femoral head [3]. Studies on the use of

computer navigation in THA have shown an improvement

in acetabular component alignment in patients when

compared with a conventional jig-based technique [10, 11,

13, 14, 26, 27]. These studies all examined placement of

the acetabular cup using navigation and concluded navi-

gation in THA improves accuracy of cup placement by

decreasing the number of outliers from the desired

alignment.
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Computer navigation has been advocated to allow accu-

rate placement of the femoral component, thereby reducing

the risk of varus malpositioning and femoral neck notching

[2]. Studies using artificial bone models [7] and cadavers

[6, 9, 16, 17] have shown greater accuracy and consistency

in positioning the femoral head resurfacing component

using computer navigation. Investigations comparing hip

resurfacing procedures performed using mechanical jigs and

computer navigation have suggested the navigation system

allows more accurate placement of the femoral component,

but the clinical benefits of navigated hip resurfacing have

not been reported [12, 15, 19, 22].

We therefore addressed the following questions: (1) Can

the femoral component be accurately placed at a planned

target angle by the navigation system? (2) When the fem-

oral component has been placed, does the navigation

system measure the angle of implantation accurately

compared with three-dimensional (3-D) computed tomog-

raphy (CT)?

Materials and Methods

We retrospectively reviewed the data of 35 patients who

underwent 37 hip resurfacing procedures for osteoarthritis

between February 2006 and June 2007 using the DePuy

(Leeds, UK)/BrainLAB (Feldkirchen, Germany) Ci ASR

imageless navigation system. There were 23 male and 12

female patients with a mean age of 53 years (range, 30–

66 years). The left hip was operated on in 21 patients and

the right in 16. All patients provided informed consent

before inclusion in the study.

The anatomic axis of the femur was constructed by

connecting two points at the superior and inferior limits of

the femoral shaft. Superiorly, a point was defined by the

surgeon just anterior to the piriformis fossa at the mid-

sagittal point of the femoral neck. In the distal femur, the

medial and lateral epicondyles were defined by the surgeon

and the computer marked the midpoint of the interepi-

condylar line on the model. The anatomic axis was defined

as the line connecting the proximal and distal points.

The navigation system was used to register points on the

femoral neck and the medial and lateral epicondyles of the

distal femur. These were used to generate a computer

model of the femoral neck and the anatomic axis of the

femur. The computer generated a model of the proximal

femur and positioned the stem of the femoral component

on the central axis of the femoral neck. Before implanta-

tion, the position of the component was adjusted to allow

slight valgus placement of the femoral component and the

cross section of the femoral neck model was observed to

ensure notching of the femoral neck by the reamer was

avoided. The desired stem-shaft angle for implantation was

termed the target angle and was deliberately placed 1� to 2�
more valgus to the anatomic femoral neck-shaft angle.

All procedures were performed by the senior author

(RO) through a posterior approach using DePuy ASRTM

uncemented acetabular and cemented femoral components.

Under guidance of the navigation system, a wire was

passed through the head of the femur along the neck to

match the target angle as closely as possible. The proximal

femur was cut, reamed, and prepared for cementation,

which was performed with negative pressure applied to the

femoral neck using a suction cannula. After implantation,

the position of the component was measured by the navi-

gation system to determine the navigation stem-shaft angle.

This was calculated by measuring the angle between a line

extending from the center of the stem of the femoral

component and the anatomic axis of the femur (Fig. 1).

All patients underwent CT of the femur approximately

4 months after their procedure in 1-mm slices using a

Toshiba (Tustin, CA) AquilionTM 64-slice CT scanner.

Reconstruction and measurement of the images were per-

formed using GE (Piscataway, NJ) Advantage 4.1 software

by an experienced CT radiographer (BG) who was unaware

of the navigation measurement.

Measurements were performed by drawing axes along

the stem of the femoral component and the anatomic axis

of the femur in three dimensions. Two points were marked

along the center of the femoral stem and a line connecting

these was extended to the femoral shaft. The anatomic axis

of the femur was measured in the same way as the navi-

gation system by drawing a line between the midsagittal

point at the superior base of the femoral neck and the

midpoint of the interepicondylar line. The CT stem-shaft

angle was measured between the two lines (Fig. 2).

Fig. 1 A graphic representation shows the method of calculation of

the stem-shaft angle of the femoral component by the computer

navigation system.
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For statistical comparison, the null hypothesis for our

first question was that there was no correlation between the

target and obtained navigation angles. For our second

question, the null hypothesis was that there was no corre-

lation between the obtained navigation angles and the

angles measured by CT. We used a product moment cor-

relation coefficient to compare the sets of data. The

correlation coefficient required for significance at the 99%

level for 35 degrees of freedom (two sets of data) using a

two-tailed test was 0.418 [24]. From the table of critical

values of the product moment correlation coefficient, we

calculated, for significance at the 95% level, 24 sets of data

would be required to detect a correlation coefficient of 0.4.

All analyses were performed using Microsoft1 Excel1

software (Microsoft Corp, Redmond, WA).

Results

We observed a correlation (r = 0.98; p \ 0.001) between

the angle of implantation of the femoral component using

computer navigation and the predetermined target angle

(Fig. 3). The mean femoral neck shaft angle was 134.2�
(confidence interval [CI], 131.9�–136.5�). The mean target

angle was 135.4� (CI, 133.9�–136.9�), and after implanta-

tion of the femoral component, the mean navigation stem-

shaft angle was 135.5� (CI, 134.0�–137.1�).

We also observed a correlation (r = 0.76; p \ 0.01)

between the measurement of the angle of implantation of

the femoral component by the computer navigation system

and 3-D CT (Fig. 4). The mean CT stem-shaft angle

was 135.1� (CI, 133.4�–136.8�). The mean of the differ-

ences between the CT and navigation values was 0.5�
(CI, –1.6�-0.7�).

Discussion

The use of computer navigation during hip resurfacing has

been proposed to reduce the risk of a malaligned compo-

nent and notching with subsequent postoperative femoral

neck fracture. We performed 37 hip resurfacing procedures

using an imageless computer navigation system and ad-

dressed the following questions: (1) Can the femoral

component be accurately placed at a planned target angle

by the navigation system? (2) When the femoral compo-

nent has been placed, does the navigation system measure

Fig. 2 A graphic representation shows the method of calculation of

the stem-shaft angle of the femoral component by CT.
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Fig. 3 Correlation between the target stem-shaft angle and the stem-

shaft angle obtained using the navigation system is shown. The

computer navigation system allows consistent, accurate placement of

the hip resurfacing femoral component at a predetermined target

angle in the coronal plane.
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Fig. 4 A graph shows the correlation between femoral component

stem-shaft angles as measured by the computer navigation system and

CT. The angle of implantation of the femoral component measured by

the computer navigation system correlates with that measured by 3-D

CT.
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Table 1. Comparison with previous studies of accuracy and reproducibility of computer-assisted hip resurfacing

Study Subjects Methodology Conclusions

Cobb et al. [7] Artificial femur models

20 university students

Comparison of variability of

guidewire placement using 3

techniques: mechanical jig, CT

plan, navigation

Measurements using navigation

Lower SD of varus/valgus guidewire

positions using navigation

SD mechanical jig 6�; CT plan 7�;

navigation 2�

Belei et al. [6] 10 cadaveric femurs

Fluoroscopic navigation system

1 inexperienced surgeon

Comparison of the mean error

between planning and

navigation of the femoral

component using navigation

measurements

Measurement of the variability in

coronal and sagittal position of

the femoral component using

CT

Mean distance error between planning

and navigation was 3.2 mm and

angulation error of 2.4�
System allows consistently reliable

positioning of the femoral component

Davis et al. [9] 12 cadaveric femurs

6 navigation

6 mechanical jig

Comparison of the ability of each

system to place the component

at a SSA of 135�
Measurements on plain

radiographs

Navigation was more accurate and

consistent in its placement of femoral

component than mechanical jig

SD mechanical jig 4.2�; navigation 2.9�

Hodgson et al. [16] 4 cadaveric femurs

3 inexperienced surgeons

Comparison of the repeatability of

guidewire placement using

mechanical jig and navigation

Measurements using navigation

Mechanical jig: worse repeatability than

navigation in varus/valgus position (SD

2.8� vs 1.2�)

Mechanical jig: better repeatability in

version (SD 3.2� vs 4.4�)

Lower operating time for navigation (50

seconds vs 123 seconds)

Hodgson et al. [17] 10 cadaveric femurs

Expert surgeon/mechanical jig

Novice surgeon/navigation system

Comparison of the placement of a

femoral guidewire using a

mechanical jig with that using a

navigation system

Preoperative and postoperative

radiographic measurements

No difference in varus/valgus position

Mechanical jig retroverted guidewire

position (mean 8�)

Lower SD of guidewire position using

navigation (2.2� vs 5.5�)

No difference in time taken for each

procedure

Ganapathi et al. [12] 139 patients

88 mechanical jig

51 navigation

2 experienced surgeons

Comparison of femoral component

SSA with planned SSA

Mechanical jig: planned SSA from

preoperative templates

Navigation: intraoperative planned

SSA

Postoperative SSA measured from

radiographs

Mechanical jig patients: 38% deviate

greater than 5� from plan, 4 notch

femur

Navigation patients: none deviate greater

than 5� from plan, 0 notch femur

Greater SD using mechanical jig (2.1� vs

0.4�)

Hart et al. [15] 60 patients

30 mechanical jig

30 CAS

Femoral component positions

analyzed on standard

radiographs

Navigation reduced the tendency to

implant in a valgus (2.1� vs 2.8�), more

distal and ventral position

Navigation reduced the tendency to

increase the femoral offset (3.4 mm vs

4.8 mm)

Krüger et al. [19] 18 patients

9 mechanical jig

9 CAS

Comparison of the ability of a

mechanical jig and navigation

system to position implants

replicating the anatomic

geometry of the hip

Preoperative and postoperative

radiographic measurements

No difference in femoral component

position

Trend toward more anatomic cup

anteversion in the navigation group

(23� vs 32�)
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the angle of implantation accurately compared with 3-D

CT?

A limitation of the study is that no control group was

included. We showed the accuracy of the navigation sys-

tem with reference to CT measurements. Another study

could be performed comparing a group of patients ran-

domized to undergo hip resurfacing using a mechanical jig

with a computer-assisted group. Intraoperative measure-

ments could be made using the navigation system and the

femoral component implanted using a mechanical jig to

compare accuracy of the two methods. Another limitation

of this study is exclusion of the acetabular component as a

cause of failure. Failure of the femoral component is more

common than that of the acetabular component, and

accuracy of femoral component placement seems more

clinically important than that of acetabular placement. The

senior author (RO) does not routinely use computer navi-

gation for placement of the acetabular component. We did

not measure preoperative neck-shaft angles using CT.

Inclusion of these measurements would have allowed

comparison with the navigation measurements. Accurate,

reproducible identification of central points in the femoral

neck using CT is difficult, however, and comparison with

the navigation measurements may have been inaccurate.

To eliminate this, we used the presence of the stem of the

femoral component to act as a consistent structure, present

on the navigation and CT measurements, to provide an

accurate and reproducible landmark for comparable

measurement.

The accuracy of computer navigation in placement of

the femoral component during hip resurfacing has been

reported in several studies (Table 1). Five studies using

cadavers or artificial bones suggest navigation allows more

reliable and accurate placement than jig-based techniques

[6, 7, 9, 16, 17]. Four studies used postoperative radio-

graphs of patients to compare a jig-based technique with

computer navigation. Computer navigation allowed

consistently predictable placement of the femoral compo-

nent and reduced the risk of femoral neck notching [12, 15,

19, 22]. Our data are consistent with published data that

show computer navigation allows the surgeon to place the

femoral component accurately and consistently at a

planned target angle. This finding is similar to that of

Ganapathi et al. [12], who reported no navigated femoral

components deviated more than 5� from the planned target

angle compared with 38% of those placed using mechan-

ical jigs.

We also showed computer navigation performs accurate

measurements of the femoral component stem-shaft angle

when compared with 3-D CT. This confirms the studies in

which plain radiographs have been used to measure stem-

shaft angles [12, 15, 19, 22].

Our data suggest the computer navigation system gen-

erates a reliable model of the proximal femur and allows

accurate placement of the femoral component. The target

stem-shaft angle for component alignment is consistently

achieved with a high degree of accuracy. The navigation

system provides an accurate measurement of the coronal

alignment of the femoral component when compared with

measurement using 3-D CT. It is hoped greater accuracy

with placement of the femoral component using computer

navigation will translate into a lower complication rate.
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