
Introduction

Preoperative planning enables the surgeon to think

three-dimensionally, improves the precision of surgery,

shortens the length of the procedure and reduces the

incidence of complications.1,2 It also provides the surgeon

with a tool to ascertain the availability of correct

prosthetic component sizes. This helps reduce the burden

on hospitals to maintain all available implant sizes in stock

at all times.3

Variation in magnification factor of radiographs is a major

challenge during preoperative planning of total hip

arthroplasty (THA) surgery. Inability to judge the exact

position of the hip joint is the primary reason for this error.

Even though digital softwares have made templating

easy, their accuracy is also affected by this variation.3,4

Several methods to predict magnification and scale

radiographs have been studied and reported in literature.

Most of them require either placement of radio-opaque

markers of known dimensions adjacent to the patient

during radiography, or use of mathematical formulas

considering weight of the patient for predicting

magnification.5-7

THA is becoming a common treatment approach for

displaced neck of femur fractures and its advantages are

fast outweighing those of hemiarthroplasty in the fit and

ambulant elderly.8,9 Radiographs obtained in the

emergency setting on such patients may not be the most

optimal for templating compared to those acquired in the

elective setting. Furthermore, the techniques employed

for accounting for magnification in the elective setting

may not be applicable in this scenario. This may add to the

difficulty in predicting the magnification of radiographs

and may adversely affect the accuracy of templating.

The current study was planned to determine the

magnification factor of preoperative pelvic radiographs in

patients who had displaced neck of femur fractures.

Moreover, the difference in magnification between the

preoperative and postoperative radiographs of the same

person was also studied to see the variation brought in by

performing radiographs in the emergency setting.

Improved understanding of this variation in magnification

is expected to enable the surgeon to consider such

variability while templating and selecting the implant size

during preoperative planning.

Materials and Methods
The retrospective study was conducted at Aga Khan

University Hospital, Karachi, and comprised records of

patients who underwent Austin Moore hemiarthroplasty

over a two-year period from 1st January 2006 to 31st
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December 2007. Patients who did not have preoperative

and/or postoperative radiographs available on the digital

radiograph archive were excluded. 

Since Austin Moore hemiarthroplasty is done more

frequently at the study site compared to THA, thus the

former was chosen. Also, this is the same population in

which THA may be offered and the need for templating

may arise.

Magnification of the preoperative radiographs was

determined by dividing the difference between the size of

the femoral head, as measured on the preoperative

radiograph, and the size of the actual implant used, by the

actual size of implant used, and expressing it as a

percentage.  

Preoperative Magnification =

(Femoral head - actual size of implant) X 100%
Actual size of implant used 

Similarly, magnification of postoperative radiographs was

determined by dividing the difference between the size of

implant, as measured on the postoperative radiograph,

and the actual implant size, as recorded in hospital

inventory, by the actual size of implant used, and

expressing it as a percentage.  

Postoperative Magnification =

(Size of implant on X-ray-Actual size of implant) X 100% 
Actual size of implant used 

Intra-observer reliability was tested by repeating

measurements on five preoperative and five

postoperative radiographs picked at random by the same

observer at different times, blinded to the previous

measurement. Inter-observer reliability was tested by

comparing measurements on five preoperative and five

postoperative radiographs performed by two different

observers. The observer taking measurements from the

radiographs was blinded to the actual implant size used. 

Pearson's correlation coefficient was used for statistical

evaluation of the intra- and inter-observer reliability with

a significance level set at p<0.05.

Spearman's correlation and Student's t test was used to

study the effect of age and gender on magnification.

Analysis was performed on SPSS 19.

Results
Medical record of 73 patients were identified initially, but

10(13.7%) did not meet the inclusion criteria. The

remaining 63(86.3%) patients formed the study sample;

25(39.7%) males and 38(60.3%) females with an overall

mean age of 69.8±12 years. The mean implant size used

was 46mm±4mm (range: 38-57mm). 

Intra-observer and inter-observer reliability was

comparable (p=0.994 and p=0.982 respectively).

Preoperative magnification was 8%±4% (range: 1-16%),

resulting in an overestimation of implant size by

4.2±2.3mm (range: 0.5-10mm). Postoperative

magnification was 13%±4% (range: 6-25%), resulting in an

overestimation of 5.9±1.9mm (range: 2-10mm). 

The mean discrepancy in preoperative and postoperative

values was 1.9±2.7mm (range: 4.3-7.6mm) (p=0.012).

No significant relationship was found between gender

and magnification or between age and magnification

factor (p>0.05 each). 

Prediction using fixed scaling of 15% as is used in most

templates resulted in a mean underestimation of implant

size by 3.2±1.85mm (range: 0-7mm). This resulted in a

correct estimation of implant size for 15(24%) patients

and within 2 implant sizes for 23(36%), and >2 implant

sizes in the remaining 25(40%) patients.

Discussion
Although it is well known that magnification in

radiographs is subject to variation, but there is no

consensus on which method is the most accurate in

predicting magnification. Several methods have been

reported to accurately predict the magnification of a

radiograph, most have made use of a calibration marker

of known dimension at the level of the hip joint either

medially or laterally. Some have used callipers to measure

known pelvic dimensions and compare them with

measurements on the radiograph, whereas others have

derived formulas based on the weight of the patient.5-7

Though helpful in the elective setting, the usefulness of

these methods in an emergency setting seems limited.

King et al.10 reported significant magnification of

radiographs performed on trauma patients in the

emergency setting with substantial variability among the

different body areas. They reported a magnification of

22% (13-29%) for the femoral head, which is considerably

higher than the 8% (-16%) observed in the current study.

Brew et al.11 suggested calculating the mean

magnification of one's own radiology department and

using it as a factor to scale radiographs. But even so, in this

study, the mean magnification in the emergency setting

was substantially different from the standard

(postoperative) magnification of the radiology

department (8±4% vs. 13±4%). This difference in the

magnification of preoperative and postoperative
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radiographs of the same patient suggests that factors

other than patient-related ones are at play in the

emergency setting.

Our study also reveals that up to 40% of patients may

have miscalculation of implant size (>2 sizes from the

expected) for which a large inventory needs to be

available. This miscalculation may result in inconvenience

if the requirement of a previously unanticipated odd size

arises in the operating room during surgery.

Conclusion
The surgeon should be aware of the variability in

magnification of radiographs, especially when they are

acquired in the emergency setting. Templating performed

on these radiographs may not be accurate and

appropriate inventory should be available to avoid intra-

operative inconvenience. 
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