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Abstract. In this study a new reference value, “corrected  Gallagher et al. [6] reported a decrease of 5.5% in ver-
vertebral dimension,” is presented for vertebral height meatebral anterior height as a result of using a 111.8 cm FFL
surements. Of 68 females (age 18-88 years; mean 44ifstead of a 101.6 cm FFD. Various authors have reportel
years) and 40 males (age 16-81 years; mean 55 years) thdferent FFDs: 101.6 cm [4-7, 10, 11], 111.8 cm [8], 120
projected vertebral dimensions (Ls) were measured on cm [12], and 140 cm [13]. Others did not mention the FFD
lateral radiographs. In addition to this, the vertebra-to-filmused in their studies [3, 9]. In this study we used a FFD of
distances (VFD) were measured and a fixed focus-to-filml50 cm and we measured the VFD in our patient population
distance (FFD) was used during the study. Corrected di€orrected dimensions of the thoracic and lumbar vertebra
mensions of the thoracic and lumbar vertebrag-(T) were (T ,—Ls) were calculated using the FFD and VFD. Measured
calculated using the FFD and VFD. These corrected dimendimensions were recalculated into dimensions at the star
sions were then used to recalculate projected vertebral ddard FFD, as proposed by the European Communitie:
mensions at different focus-to-film distances. The appliedVedical and Health Research Programme: 120 cm, and th
geometric corrections were verified in a phantom study repeften used 100 cm FFD [4-7, 10, 11, 14]. Furthermore, we
resenting arn vitro situation. The results indicate that stud- investigated the influence of a change in VFD on the pro-
ies using different X-ray techniques for making lateral ra-jected vertebral dimensions at different FFDs. Finally, the
diographs of the spine can become comparable when usimgnge of vertebral dimensions due to variation in FFD anc

corrected vertebral dimensions. VFED was compared with results found in the literature [7—
12].

Key words: Vertebral dimension — Correction — Osteo- _ AS serial radiographs were not within the scope of this

porosis — Technique — Patient size study, we verified the applied geometric corrections in a

phantom study, which representediarvitro situation.

Materials and Methods

Changes in vertebral dimensions are a commonly used and
well-accepted end-point criterium in clinical research on

osteoporosis [1-3]. These changes can be detected either BDanmm Study

using a semiquantitative or a quantitative method. The

semiquantitative method is based on classification of deforwe used a phantom designed for this study (Fig. 1). Consisting o
mities by visual interpretation [4]. The quantitative methodseven perspex-cubes placed on a perspex rail. On all cubes, a le
is based on measuring vertebral dimensions (height, widthyire 1.0 mm thick and 30.0 mm long was placed in the middle on
or area) [5_13] |mp|ementatlon Of Standardlzed’ Conventhe fI’O_nt of the Cu.be (ante”or he|ght)The lead wire was used a
tional, lateral spinal radiographs could enable comparisoH“e point from which object-to-table distance was measured. Th

; . ! P ; : X-ray beam was centered on the fourth cube with a fixed table-
of dimensions in longitudinal studies or provide for refer- v, fin, distance of 8.5 cm. The object-to-film distance was calcu-

ence values. Therefore, variables affecting the projection oheq by adding the object-to-table distance to the table-to-film
the vertebrae on the film should be recorded. Divergence dfjstance. Radiographs of the phantom were made at three fixe
the X-ray beam, the focus-to-film distance (FFD), and theFFDs—100 cm, 120 cm, and 150 cm. OFDs were 20 cm, 27.5 cm
vertebra-to-film distance (VFD) are major factors affectingand 35 cm.
the projected vertebral dimensions. The FFD can be stan-
dardized but the VFD depends on the width of the patient’s
body and the type of bucky table used.

In-Vivo Study

Subjects.A total of 108 patients, 68 females (age 18-88 years;
mean 44.2 years) and 40 males (age 16—-81 years; mean 55 yeat
_— ) referred to our clinic for radiography of the thoracic and/or lumbar
Correspondence taR. R. van Rijn spine were included in this study.
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Object-to-table
distance

Fig. 1. Phantom with cubes and lead wires
(representing the anterior height) used for the
verification of the applied geometric correc-
tions.

display. To determine the reproducibility of the vertebra-to-table
X-RAY TUBE distance measurements the vertebra-to-table distances of five vc

unteers were measured 10 times.
@I Theory and EquationThe divergence of the X-ray beam causes a
: magnified projection of a vertebra on a radiograph (Fig. 2). The

magnification of the vertebra depends on the focus-to-film dis-
JEE tance (FFD), the focus-to-vertebra distance (FVD), and the verte
FVvD / FFD bra-to-film distance (VFD). If all distances are known, the mag-
nification factor can be calculated using the following equation
(CD = corrected dimension, MB= measured dimension, &

"VERTEBRA correction factor):
VFD
/ MD FVD
= X | ——=
FFD
| IMAGE
Fig. 2. Theory of linear magnification of projected dimensions CD =MD x FFD-VFD
caused by the X-ray beam’s divergence. The magnification of the FFD
vertebral dimensions is directly related to the focus-to-film dis-
tance (FFD) and the vertebra-to-film distance (VFD). FVD is the
focus-to-vertebra distance. _ (FFD-VFD
FFD
CD=MD xC

Radiographs.Lateral thoracic radiographs covering-T,, were
available from 65 female and 22 male patients. Lateral IumbarI

radiographs covering ;,-Ls were available from 53 female and yenepra at a different FFDs, the corrected dimension is multipliec

40 male patients. The radiographs were made with a fixed FFD o PP ; ; ;
150 cm and a fixed table-to-film distance of 8.5 cm. All patients :lgly/(tge magnification factor, i.e., the inverse of the correction factor

were positioned according to a standard protocol, i.e., lying on

their side with knees bent, hips in anteflexion, and elbows bent in

front of their face. The X-ray beam was centered grfdr lateral

thoracic radiographs and on lfor lateral lumbar radiographs. Results
Vertebral coordinates resulting from placement of six points

were obtained by a trained person using a translucent digitizing

tablet (Model 2210 Numonics Corp., Montgomeryville, USA) and Phantom Stud

Sigmascan software (Jandel Scientific, Corte Madera, USA) [7]. antom Study

Using software developed in-house, these coordinates were then

used to calculate anterior, middle, and posterior vertebral height .

as well as the anterior to posterior height ratio. To determine thé?/_leasured length of the lead wires of all seven cubes a

intraobserver variation, all vertebrae, (L) of one patient were different object-to-film distances at three different focus-to-

measured 10 times. All vertebrae with an anterior to posteriofilm distances are given in Table 1. After correction the

height ratio more than 2 standard deviations (SDs) below the meamean measured length of the lead wires was 29.9 mm (0.1

were excluded for final analysis. mm SD), independent of FFD or object-to-film distance.

n order to calculate the projected image dimension for the sam

Vertebra-to-Film DistanceThe VFD distance was calculated by

adding the vertebra-to-table distance and the table-to-film distance, . .

The vertebra-to-table distance was measured using a special ruIeEP'V'VO Study

mounted on the table surface; it projected a lighted cross-hair

cursor at the back of the patient. By positioning the cursor on the - .

midpoint of the spinous process of the vertebra on which the X-rajMean, SD, and coefficient of variation (CV) of measured
beam was centered {Pr L,), the distance between the spinous and corrected height of male and female vertebrad¢.Jare
process and the surface of the table could be read on the rulergresented in Table 2. The mean CV of all vertebrae, a
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Table 1. Measured length (mm) of lead wires on radiographs of the phantom at different focus-to-film (FFD) and object-to-film (Ol
distances

FFD (cm) 100 100 100 120 120 120 150 150 150
OFD (cm) 20 275 35 20 27.5 35 20 275 35
Cube
1 37.6 415 45.8 36.1 39.2 42.4 34.8 36.9 39.1
2 375 41.3 45.7 36.0 39.0 42.4 34.7 36.7 39.1
3 375 41.2 45.6 36.0 38.9 41.9 345 36.6 38.9
4 375 40.9 45.6 35.9 38.8 42.0 345 36.6 39.0
5 37.4 41.0 457 36.0 38.9 41.9 345 36.7 39.0
6 375 41.2 45.9 36.0 39.0 42.0 34.6 36.7 39.0
7 37.6 41.3 46.1 36.1 39.1 42.1 34.7 36.8 39.1
Mean (mm) 375 41.2 45.8 36.0 39.0 42.1 34.6 36.7 39.0

Magnification 125.0% 137.3% 152.6% 120.0% 130.0% 140.3% 115.4% 122.4% 130.1

measured 10 times in one patient, was 1.2%. The mean CVable 2. Mean, SD, and CV of measured and corrected female
of the vertebrae to table distance measured 10 times in fivand male anterior vertebral heights (mm)

volunteers was 1.5%. The corrected vertebral anterior
heights and the mean vertebral anterior heights at different
FFDs (100, 120, and 150 cm) for our male and femaleyeasured Mean SD  CV Mean SD cv
population are given in Figure 3.

Female Male

The mean female VFD was 26.6 cm and the mean mal&4 2349 126 0.054 2565 151 0.059
26.7 cm. For the females, the measured vertebra-to-tables 2327 136 0.058 2570 1.42 0.055
distance ranged from 15.9-24.5 cm, whereas for males it6 2329 153 0.066 2570 140 0.054
was 15.5-21.8 cm. As we use different types of bucky table37 23.24 164 0.071 2533 161 0.064
in our clinic the range of table-to-film distance can be fromT8 2412 166 0.069 26.06 212 0.081
5.9 to 8.5 cm. The range for VFD was calculated by com-T9 2524 173 0.069 2643 278 0.105
bining the range of vertebra-to-table and range of table-toT10 27.07 1.64 0.061 2823 247 0.087
film distances. This resulted in a VFD range for our clinic T11 2789 1.66 0.060 2959 1.83 0.062
of 21.8-33.0 cm for females, and 21.4-30.3 cm for malesT12 30.63 237 0.077 3066 217 0.071

L1 3244 217 0.067 3293 228 0.069

) ) L2 3466 234 0.068 3446 3.18 0.092
Discussion L3 35.74 2.49 0.070 35.66 2.80 0.079
L4 36.31 233 0.064 3531 258 0.073

The phantom study shows that the simple geometric correa-5 37.06 248 0.067 3535 5.04 0.143

tion proposed in this study yields the correct length of theCorrected
lead wires within an error of 1%. These data also show &

small systematic error if the object is further away from theT4 1922 106 0055 2081 129 0.062
center of the X-ray beam. This effect, on the order of 1%,T> 19.03 112 0059 2084 108 0.052
can be explained by the penumbra which increases as the 1901 123 0065 2084 114 0.055
object is further away from the center of the X-ray beam.T’ 18.97 136 0.072 2055 134 0.065
Due to the more complex geometry of vertebrae this effect8 1967 137 0.070 2114 174 0.082
will be largerin vivo. T9 20.59 1.40 0.068 21.45 2.29 0.107

The vertebral dimensions measured in ouvivostudy 110 2208 133 0.060 2292 205 0.089
are slightly larger than those reported in the literature [7-T11 22.82 133 0.058 24.02 155 0.065
12]. We attribute this difference to a population effect, asT12 2498 188 0075 2528 175 0.069
we used the same method as other authors [7-9]. L1 2654 172 0065 2714 179  0.066

For our female population, the range for VFD is 21.8—L2 2835 190 0.067 2843 248 0.087
33.0 cm. Using this range for VFD, a theoretical range oft3 2921 198 0.068 2941 215 0.073
measured vertebral dimensions for each vertebra can Het 29.68 182 0.061 2914 207 0.071
calculated. The difference between measured vertebral d-> 30.30 196 0.065 2921 410 0.140

mensions at minimal VFD and maximal VFD increases
from 14% at FFD= 150 cm to 20% at FFDB= 120 cm and
28% at FFD= 100 cm. Different female vertebral anterior ., aions. As such, corrected vertebral dimensions er
heights reported in the literature are compared with thel i ¢ comparison between studies using different X-ra
range of female vertebral anterior heights in the prese chniques

study (Fig. 4) [7-12]. The data in Figure 4 show a remark- X

. : . In conclusion, for future research in which vertebral di-
able fit between the results in the literature and our calcu- : y ;
h - mensions are used, we would like to recommend the use c
lated range of vertebral dimensions.

An important advantage of measuring VED and FED iscorrected vertebral dimensions to improve comparability

that the accuracy of the corrected vertebral dimension i etween studies.

greatly improved, as demonstrated in the phantom study. It

can be concluded that measuring FFD and VFD is a simpleacknowledgmentsThe authors thank Leen de Baat for his soft-
efficient, and quick way to diminish differences betweenware assistance.
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Fig. 3. Calculated mean vertebral anterior heights (mm) for females and males at different focus-to-film distances and the calc
corrected vertebral anterior heights.
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Fig. 4. Mean measured vertebral anterior heights for females of six studies [7—12], fitting within the calculated range of vertebral an
heights, and the calculated corrected vertebral anterior heights for females in our study.
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