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Abstract

Introduction Templating is now the standard approach

for preoperative planning of total joint replacement and

fracture fixation. The aim of this study was to assess the

accuracy of new software, TraumaCadTM, for preoperative

planning for total hip replacement.

Methods This software enables the import and export of

all picture archiving communication system (PACS) files

from local working stations. It can integrate with all PACS

systems. We retrospectively reviewed TraumaCadTM-gen-

erated templates of digitalized preoperative radiographs of

73 consecutive patients.

Results The acetabular component, measured within ±1

size, was accurate in 65 patients (89%), and the femoral

stem design component was accurate in 70 patients (97%).

The accuracy of the femoral size was predicted in 57

patients within 1 size (87%) and in 65 patients within 2

sizes (96%) out of 68 patients in the Corail femoral com-

ponent group. TraumaCadTM successfully predicts the sizes

of femoral and acetabular component and easily integrates

with all PACS files.

Keywords Preoperative planning � Templates �
Total hip replacement � TraumaCad

Introduction

Preoperative planning and templating currently comprise

standard stages for total joint replacement and fracture fix-

ation [2, 4, 5, 7, 13]. Surgical planning had traditionally been

performed by means of conventional radiography with a

consistent radiographic magnification which allows tem-

plating for the selected prosthesis with prepared component

overlays [3]. Computerized tomographic (CT) scanning is

another option for improving preoperative planning accu-

racy, but at the cost of the patient’s exposure to a higher dose

of ionized irradiation [9, 12]. Questions have been raised

about the accuracy of the standard templating system in

terms of magnification mismatches between the radiograph

and the templates [5]. A number of factors may affect this

mismatch, such as the patient’s body size, the tube-to-film

distance and the accuracy of the template’s magnification.

Accurate preoperative planning requires calibration of the

digitalized radiography [1, 10] and versatile templating

software that can be adapted to accommodate various types

and sizes of prostheses. Digitalized radiography has become

the standard modality in most orthopedic centers over the

past decade, creating the need for digitalized templating for

the purposes of surgical planning.

In the present study, we review our 1-year experience of

preoperative planning for total joint replacement using a

new software system.

Patients and methods

The digital radiographs were retrieved from the medical

records of all consecutive patients that underwent total hip

replacement between October 2006 and November 2007 in

our department, and they provided the data for this
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retrospective study that was approved by the institutional

ethics committee. All pre- and postoperative radiographs

were obtained with a standard source-to-object of 1 m using

a calibration metal ball of 1 in. (2.54 cm) at the level of the

greater trochanter. Anteroposterior and axial projections of

the hip were used, and all of the radiographs were processed

using the TraumaCadTM software system (TraumaCad,

Petach-Tikva, Israel). The digital planning was performed

on a 17 in. LCD screen with a resolution of at least

1,024 9 768 pixels. After adjustment of the magnification,

the template of the desired implant was applied and

manipulated over the hip joint to the satisfaction of the

surgeon in terms of size and orientation (Fig. 1). The oper-

ative data were stored and used during the actual surgery.

Results

Patients

This series of 73 patients were comprised of 52 females and

21 males with an average age of 67 (range 19–86) years.

Primary total hip replacement for an osteoarthritic hip was

performed in 68 patients and revision surgery in 5 patients.

The femoral prosthetic stems included 68 Corails, 2 Mayos, 1

Kar, and 1 S-Rom, while 1 patient did not need revision of the

stem after having undergone a bipolar hemiarthroplasty.

Thirty-seven ASR (De Puy), 32 Pinnacle (De Puy), 3 Zimmer

and 1 Biomet acetabular cups were used. There was a 1 mm

difference between the sizes for the femur and a 2 mm dif-

ference for the acetabulum. The posterior was the preferred

surgical approach, and it was used in 55 operations, while the

anterolateral approach was used in the other 18 operations.

The acetabular component

The average measurements were 51.5 ± 3.3 (range 44–

60) mm for the cup, and 52 ± 2.9 (range 44–60) mm for

the implanted cup. The exact acetabular cup was predicted

in 50.7% of hips (37 out of 73): a one-size up or down

agreement was found in 38.3% (28 ± 2 mm) of the hips

and a two-size up or down agreement was found in 11% (8

out of 73) of the hips. There was agreement within ±1 size

in 65 cases (89%).

The femoral component

The accuracy of the femoral component was 97% (70 out of

72) for the stem design (i.e., regular or high offset). One

femoral stem did not need to be revised. Forty-eight regular

and 24 high offset stems were planned, and 46 regular and 26

high offset stems were implanted. Femoral stems measuring

11 ± 2 (range 8–20) mm were planned and 68 Corail

femoral stems measuring 11.6 ± 2.2 (range 8–20) mm were

implanted. Agreement for the Corail group alone showed

that the exact component was predicted in 32 cases (47%),

and that there was agreement within ±1 size in 27 cases

(40%), within ±2 sizes in 6 cases (9%), within ±3 sizes in 2

cases and within ±4 sizes in 1 case. Agreement for the entire

study group was within ±1 size in 87% (57 of 68) of the

cases and within ±2 sizes in 96% (65 of 68) of the cases.

Discussion

Digitalized radiography has become the preferred method

for preoperative planning of orthopedic procedures in most

Fig. 1 Preoperative planning

using TraumaCadTM software.

Anteroposterior and axial views

of the hip joint with a

calibration marker placed close

to the greater trochanter are

shown. The software

superimposed the templates on

the digitalized radiograph with

all image annotations
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modern medical centers [11]. This new technology, how-

ever, was associated with mismatching between the trans-

parent templates and the printed images of various

magnifications received from the computer, prompting the

development of software programs to overcome this

problem [2]. Errors in magnification could now be mini-

mized with the use of a calibration tool [1, 10]. One great

advantage of the new digitalized programs is the possibility

of storing patients’ data as well as those of various com-

ponents, such as types and sizes, and this information can

be used as necessary for planning surgery. Training for

applying the programs is short, and the system is user-

friendly and requires only a PC workstation.

The TraumaCadTM software system was developed for

the orthopedic community to be used in a filmless working

environment. This software enables the import and export

of all picture archiving communication system (PACS)

files (i.e., X-rays, CTs, magnetic resonance images) from

the local working station or from any remote PACS system.

The image is retrieved by a spherical marker placed at the

level of the bone so that it can be automatically detected in

the image by the software for scale calibration. The next

step is template positioning in a way that mimics the

intended procedure. These data are stored in each patient’s

file.

Our experience showed that the TraumaCadTM program

predicted the designed femoral stem with an accuracy of

97%. The predicted femoral stem was 87% within one size

and 96% within two sizes. The predicted acetabular com-

ponent was 50.7% within one size and 89% within two

sizes.

In the past, the common practice was to use transparent

templates applied on a standard non-digital film. Knight

and Atwater [5] accurately predicted 62% of the acetabular

cups, 78% of the cement stems and 42% of the cementless

stems. They found that magnification differences affected

the choice of the implant in 17% of cases. Della Valle et al.

[3] found very good prediction (99%) within one size for

the acetabular component and 99% within two sizes for the

femoral component. Studies that used scanned radiographic

films and template software showed a 92% agreement on

the femoral side and 90% on the acetabular side. Davila

et al. [2] used the EndoMap software in 36 patients

undergoing primary total hip replacement: 86% were

accurate within one size on the acetabular component and

96% were accurate within two sizes on the femoral com-

ponent. A similar study was conducted by Wedemeyer

et al. [13] who used MediCad software in 40 patients with

the following results: 92% accuracy within two sizes for

the acetabular component and 95% accuracy within one

size for the femoral component. Another study concluded

that digitalized preoperative templating is as reliable as

conventional templating techniques [6].

Some authors recommended the use of three-dimen-

sional CT as being superior to the two-dimensional tem-

plates that can provide an in-depth view of the fit of the

components [8, 9, 12]. This method, however, exposes the

patient to a high level of irradiation. Moreover, it is

probably not necessary for a simple osteoarthritic hip, and

can be used mostly for planning dysplastic hip procedures.

Prediction by the TraumaCadTM software system was very

satisfactory and produced results that were similar to those

of the above-mentioned studies, whether transparent tem-

plates on plain film or template software on scanned films

or software on digitalized images had been used (Table 1).

Whatever program is chosen, the surgeon should mainly

rely on the intraoperative measurements for determining

the correct prosthetic size.

The transition from hard-copy radiographic films to a

digital technique has brought with it increasing numbers of

software programs, some using similar applications as the

TraumaCadTM and others using three-dimensional CT-

based software. The short learning curve, user-friendly

features, and low-cost maintenance make TraumaCadTM

software an attractive option among them. The program

can integrate with all PACS files, and it predicts the size of

the required implant for a full hip replacement procedure

with a high level of accuracy.
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