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Abstract: Patients with limb length discrepancy (LLD) often have

associated angular deformities requiring a standing full-length radio-

graph of the lower limb in addition to a scanogram. The purpose of our

study was to determine the intraobserver and interobserver reliability

of measuring LLDwith both techniques, using computed radiography.

The LLD was measured on 70 supine scanograms and standing

anteroposterior radiographs of the lower extremity by 5 blinded

observers on 2 separate occasions. Intraclass correlation coefficient

(ICC) and mean absolute difference (in millimeters) was calculated to

assess intraobserver and interobserver reliability and found to be

excellent for both radiographic techniques. Intraobserver ICC and

mean absolute difference was 0.975 to 0.995 and 1.5 to 2.6 mm for

scanogram and 0.939 to 0.996 and 1.5 to 4.6 mm for the standing

radiograph, respectively. Repeated measurements for both radio-

graphic studies werewithin 5mmof the first measurement greater than

90% and within 10 mm greater than 95% of times. Interobserver ICC

and mean absolute difference was 0.979 and 2.6 mm for scanogram

and 0.968 and 3.0 mm for the standing radiograph. The reliability was

excellent irrespective of age, sex, and underlying diagnosis other than

Blount disease, which had good reliability. A standing anteroposterior

radiograph of the lower extremity should be the imaging modality of

choice when evaluating patients with limb length inequality who may

have angular deformities because it allows a comprehensive evaluation

of the extremity and is as reliable as a scanogram for measuring LLD.

This approach may decrease the radiation exposure and financial

burden involved in assessing patients with unequal limb lengths.
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L imb length discrepancy (LLD) is a relatively common
diagnosis1 in patients with spine and lower extremity

disorders. Significant LLD can cause gait deviations and lead
to degenerative changes in the joints of the lower extremity
and lumbar spine.1Y3 The diagnosis of LLD is usually made
by history and physical examination and confirmed with

imaging studies. A large percentage of patients with LLD
may also have angular deformities of the femur and/or tibia
that require a standing anteroposterior (AP) radiograph of the
entire lower extremity for deformity analysis. Before making
treatment recommendations, it is imperative for the clinician
to have a reliable imaging modality to quantify LLD and
commonly associated limb deformities.2Y4

Some authors4,5 have questioned the need for a
scanogram for routine radiographic analysis of LLD and
proposed that a standing full-length AP radiograph of the
lower extremity is a more comprehensive study because it
cannot only analyze limb deformities but can also determine
LLD. We currently use a standing full-length AP radiograph
of the lower extremity (modified teleoroentgenogram)2 for
deformity analysis and a scanogram with a radiopaque ruler
for assessment of LLD. Both radiographs are done using
computed radiography (CR), which is distinct from compu-
terized tomography (CT). In CR, a latent image is produced
that is stored on a photostimulable phosphor receptor
contained in a standard radiographic cassette. The image is
transferred digitally and manipulated by an automated system
such as the picture archiving and communications system
(PACS), resulting in a film radiograph. The operator can
enhance the final image by using the computer to adjust the
image parameters. As a result, quality radiographs can be
obtained consistently with a significant reduction in the
radiation dose compared with standard film-screen systems.6

This technique may be particularly useful in children and
young adults who require repeated radiographic examinations
because of limb length inequality.

The purpose of our study was to determine the
intraobserver and interobserver reliability of measuring
LLD using a scanogram and full-length standing AP radio-
graph of the lower extremity using CR.

METHODS
After approval from the institutional review board, a

retrospective review of patients who had a standing full-
length AP radiograph of the lower extremity and a scanogram
using CR performed on the same day over a 3-year period was
carried out. Patients were excluded if they had an overlying
external fixator, the hip or ankle joint was not visualized on
either of the imaging studies or if the scanogram ruler did not
extend to the level of the hip or ankle joint. Of the 114
patients who met the study criteria, 70 patients were
randomly selected for this study (power = 0.94).
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The standing AP radiograph was performed with the
patient facing the radiographic tube and both patellas pointing
forward (Fig. 1). An attempt was made to level the pelvis with
an appropriate-sized lift placed under the short limb. The
minimum patient to tube distance was 203 cm and was
increased for taller individuals. The radiograph was obtained
using 70 to 80 kVp and 30 to 160 mAs, based on the patient’s
size. The images were recorded on a Kodak (Rochester, NY)
DirectView CR Long-length Imaging System using a vertical
cassette holder with 3 individual 35 � 43 cm CR storage
phosphor cassettes.7 The 3 images were then stitched to form
a composite image that was distributed to the PACS
workstation (Centricity PACS 2.0, GE Medical Systems
Information Technologies, Milwaukee, Wis).

There is some inconsistency in the literature regarding
the term Bscanogram.^ The term may have been derived from
the technique of slit scanography,8 in which the x-ray beam is
tightly collimated to a thin transverse slit that exposes the film
as the x-ray tube is moved from one end of the limb to the
other. Others1,2,4 have used the word Bscanogram^ to describe

a modification of the orthoroentgenogram taken with 3
separate exposures centered at the hip, knee, and ankle using
a standard sized (35 � 43 cm) cassette as opposed to the long
cassette (35 � 110 cm), as was originally described by Green
et al.9 In the current study, the scanogram was performed
with the patient supine using CR. The lower limbs were
positioned with both patella pointing toward the ceiling and a
radiopaque ruler taped to the table between the limbs. The
patient to tube distance was 101 cm. Three separate AP
images were obtained centered over the hip, knee, and ankle
joints using 3 separate 35 � 43 cm CR storage phosphor
cassettes. Pelvis films were obtained using 80 kVp, 40 to
200 mAs; knees with 70 kVp, 10 to 20 mAs; and ankles using
60 kVp, 4 mAs.The images were then distributed to the PACS
workstation (Fig. 2).

For both imaging studies, length of the lower limb was
measured from the proximal end of femoral head to the center
of the tibial plafond on each side and the difference (LLD)
calculated in millimeters. Five blinded observers including 2
fellowship-trained pediatric orthopaedists, 2 musculoskeletal
radiologists, and a senior (PGY 5) orthopaedic resident made
all measurements on two separate occasions. Previous
measurements were not available to any of the observers.

Statistical analysis was performed using SAS, version
9.1 software (SAS Institute Inc, Cary, NC). Analysis of
variance was performed to estimate the intraobserver and
interobserver reliability using intraclass correlation coeffi-
cients (ICC). An ICC of 0 to 0.24 reflects poor; 0.25 to 0.49,
low; 0.50 to 0.69, fair; 0.7 to 0.89, good; and 0.9 to 1.0,
excellent correlation.10,11 Mean absolute difference in milli-
meters and 95% confidence intervals for measurements of
LLDwere also calculated for both imaging studies.12 Effect of
different variables such as patient’s age, sex, and underlying
diagnosis on the reliability of measuring LLD was assessed
using analysis of variance.

RESULTS
There were 39 male (56%) and 31 female (44%)

patients with an age range from 9 months to 73 years (mean,
20 years). Of these, 46 (66%) were younger than and 24
(34%) older than 18 years of age. The cause for LLD was
posttraumatic in 42 (60%), congenital in 13 (19%), Blount
disease in 9 (13%), and miscellaneous causes in the
remaining 6 (8%) patients.

The magnitude of LLD ranged from 1 to 96 mm (mean,
23 mm) based on scanogram measurements and from 0 to
98 mm (mean, 21 mm) on standing AP radiograph. The
intraobserver ICC and mean absolute difference among the
5 observers ranged from 0.975 to 0.995 and 1.5 to 2.6 mm for
scanogram and 0.939 to 0.996 and 1.5 to 4.6 mm for standing
radiograph (Table 1). The intraobserver agreement was
within 5 mm of the original measurement 92% (range,
83%Y97%) of the time when using a scanogram and 91%
(range, 74%Y100%) of the time when using the standing AP
radiograph. The intraobserver agreement was within 10 mm
of the original measurement in 98% (range, 97%Y100%) of
the patients when using a scanogram and in 96% (range,

FIGURE 1. Standing AP radiograph of the lower extremities
with the patient standing on a 4.5-cm lift under the short leg.
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