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Abstract

Objective To assess the relationship between the maxi-

mum volume of lumbar vertebral bodies and patient mor-

phological features. Knowledge of the volume of the

vertebral body is useful when performing vertebroplasty

and kyphoplasty.

Methods 129 patients (18–85 years) were included con-

secutively over an 8-month period. All had been subject to

abdominopelvic CT scans. The weight, height and body

mass index (BMI) were known. The volume of each ver-

tebral body was calculated using the formula V = pR2.

H (V = volume, R = radius, H = height). A statistical

analysis of the data divided into three groups, men/women,

men only and women only, was conducted by calculating

the Pearson correlation coefficient.

Results The volume of the vertebral body increased from

L1 to L4, but the volume of the L5 vertebral body was

lower than that of L3 and L4 in all three groups. The

volumes of the vertebral bodies were greater in men than in

women. Calculating the correlation coefficient showed that

the variable most correlated with volume was patient’s

height in both the men/women and women-only groups,

while the most correlated variable in the male-only group

was weight. Vertebral height was the variable most cor-

related with overall height in all three groups.

Conclusion There is a wide variability in the volume of

lumbar vertebrae. The volume of the vertebral body

appears to vary not only with a person’s height but also

their weight. The vertebral body seems to expand with

weight in men.

Keywords Vertebral volume � Volumetric analysis �
Lumbar � Spine � Retrospective study

Introduction

Vertebral compression fractures (VCFs) are defined by the

EPOS (European Prospective Osteoporosis Study) group

by two criteria [1]. The first is morphometric and results in

a decrease of 20 % or more in the anterior, medial or

posterior vertebral body height, leading to an absolute

reduction of the same height by at least 4 mm [3]. The

second, McCloskey method, is qualitative, where the ver-

tebral body must meet deformation criteria characterized

by its anterior (Ha), medial (Hm), posterior (Hp) and pre-

dicted posterior (Hpp) heights (the latter obtained using

data from four adjacent vertebrae). There is deformation

when at least two of the following five ratios (Ha/Hp; Hm/

Hp; Ha/Hpp; Hm/Hpp; Hp/Hpp) are inferior to a defined

threshold [12]. Three types of deformation are described by

calculating the different ratios: anterior (Ha/Hp and Ha/

Hpp), posterior (Hm/Hp and Hm/Hpp) and crush deformity

(Ha/Hpp and Hp/Hpp). In addition, there are other fracture

definitions and classifications, such as Genant’s, which is a

semi-quantitative classification of vertebral compression

fractures based on radiological criteria [8]. This latter

technique uses the location (anterior, medial or posterior)

and the severity of the fracture (four stages; 0: no fracture;

1: mild; 2: moderate; 3: severe).
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VCFs are usually low-energy fractures in osteoporotic

patients. There are 50–70,000 vertebral fracture cases per

year in France alone, 700,000 in the United States and

450,000 throughout Europe [6, 7, 14]. These are far more

common than femoral head fractures (300,000 in USA) or

distal radius fractures (200,000 in USA). Therefore, this

type of fracture has become a real public health issue.

Other causes of vertebral fractures are high-energy injuries

and (primary or secondary) neoplasms [14].

The conventional treatment for uncomplicated osteo-

porotic VCFs is usually medical, sometimes in association

with the wearing of a corset. When this fails, percutaneous

vertebroplasty or kyphoplasty techniques, used to expand

the vertebral body by injecting biological cement into it,

may be proposed, although there is no current consensus

[4, 14]. The difference between these two techniques is that

in kyphoplasty, a balloon is inserted and inflated prior to

the injection of the biological cement. Both techniques

provide a significant reduction in early post-operative pain

[1, 4]. This treatment can also be offered to young patients

with traumatic fractures [10, 14]. There are also open

osteosynthesis procedures available.

The lumbar spine consists of five individual vertebrae,

numbered L1 to L5. Lumbar vertebral bodies are much

larger than those of other vertebrae. They are wider in the

front and are kidney shaped. They form the boundary at the

front with the small triangular vertebral foramen and

extend posteriorly and laterally into thick pedicles. There

have been few studies looking at the volumes of vertebral

bodies [9, 13].

The purpose of this study was to investigate the rela-

tionship between the maximum volume of the vertebral

bodies from L1 to L5 and patient morphological data,

including weight, overall height and body mass index

(BMI), using a simple extrapolation. Knowing the volume

of the vertebral body can be very useful in vertebroplasty

or kyphoplasty procedures.

Materials and methods

This was an epidemiological, radio-anatomical, retrospec-

tive, observational and descriptive study.

One hundred and twenty-nine patients, aged from 18 to

85 years, from the visceral surgery unit at Compiegne

Hospital, including 77 men with a mean age of 62.1 years

(21–85) and 52 women with a mean age of 54.1 years

(19–82) were included consecutively over a period of

8 months (from 1st July, 2012 to 1st March, 2013). All had

undergone an abdominopelvic CT scan, with or without

contrast agent injection, using a standardized protocol with

120 kV, 50 mA, pitch of 0.885, a 400 mm field of view

and 3 mm section thickness, either during hospitalization

or in the year preceding hospitalization. Cross-sectional

and frontal scans were taken. Weight and height were

noted and body mass index (BMI = weight/height2) was

calculated for each patient from the computerized medical

records (DxCare�, Medasys�).

The exclusion criteria were: presence of secondary

osteolytic or osteoblastic vertebral lesions, vertebral com-

pression fractures, arthrodesis and signs of discospondyli-

tis, kyphoplasty, or scoliosis.

This study of the vertebral bodies of all lumbar verte-

brae thus covered a total of 645 vertebral bodies.

The abdominopelvic CT scans were analyzed using T2

Viewer� medical imaging software (T2 Technology�). The

scanned sections were 3 mm thick. The pixel size was

1.56 mm. Calculating the volume of the vertebral body was

based on a mathematical model comparing it to a cylinder.

The volume was calculated by the formula V = p.R2.H,

where V was the volume of the vertebral body in cm3, R

the radius of the vertebra in mm and H its height in mm.

The radius was measured on transverse sections of the CT

scan at mid-height of the vertebral pedicle and included the

cortical bone (Fig. 1). Vertebral body height (in millime-

ters) was determined at the mid-vertebral level in the

frontal plane and also included the cortical bone. For each

of these distances, two measurements on two successive

sections were made and when there was a discrepancy of

more than 10 % (i.e., more than 2 mm), a third measure-

ment enabled us to take the median of the three values.

This model was only an approximation of the maximum

volume of the vertebral body.

Then intra-observer variability was calculated thanks to

the intraclass correlation coefficient between measure-

ments made on the same CT scan twice. Calculation was

made using R Software v 3.0.2 (The R Foundation for

Statistical Computing).

All data were collected in the form of a table and a

statistical analysis of the data was carried out by calcu-

lating the Pearson correlation coefficient. This correlation

coefficient gives the proportions of the variance of the

volume that are attributable to the variance of the size,

weight and/or BMI, such that the closer this coefficient is

to 1 or -1, the greater is the correlation. The statistical

significance threshold of the correlation was set at 5 %

(p = 0.05). Using the Student t test, the statistical calcu-

lation was expressed as a linear regression.

Four analyses were carried out on the data collected.

The first was on the total population and the second sep-

arated men and women. A third excluded patients with

BMI values\16 kg/m2 or[30 kg/m2. Finally, the fourth

looked for a correlation between weight and overall height

and the radius and height of the vertebrae.
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Results

Out of the 139 patients enrolled, 10 patients were excluded

for VCFs, four for secondary lesions, one for arthrodesis,

one for prior kyphoplasty and two others for scoliosis.

The average weight of the 129 patients included was

76.6 ± 18.6 kg (ranging from 36 to 132). The average

height was 170.3 ± 9.1 cm (150–196). The mean BMI was

26.3 ± 5.9 kg/m2 (ranging from 13.5 to 52.6).

The intraclass correlation coefficient was 0.79.

The volume of the vertebral body increased from L1 to

L4 in the male/female, male-only and female-only groups.

The volume of the L5 vertebral body was less than that of

L3 and L4 in all three groups (Table 1).

Vertebral body volume was greater in men than in

women. The radius was greater in men than in women for a

given vertebra and this difference was evident at all lumbar

levels. In terms of vertebral height, no differences were

detected between the sexes (Table 2).

For all lumbar vertebrae, calculating the correlation

coefficient showed that the variable most highly correlated

with vertebral body volume was overall height in the male/

female and female-only groups, with the most correlated

variable being weight in the male-only group (Table 3).

These results were enhanced by the exclusion of patients

with BMI values\16 kg/m2 (2 women) or[30 kg/m2 (12

women and 18 men) (Table 3).

In the latter analysis, calculating the correlation coeffi-

cient showed that the variable most correlated with

Fig. 1 Transverse CT image showing measurement of the radius of the vertebral body, (Rayon radius)

Table 1 Vertebral measurements for male/female (M/F), male-only (M) and female-only (F) groups

Mean ± standard deviation Minimum Maximum

M/F (n = 129) M (n = 77) F (n = 52) M/F Difference M/F M F M/F M F

L1 R1 19 ± 2 20 ± 1.8 18 ± 1.6 p\ 0.0001 15 16 15 24 24 21

H1 24.7 ± 1.7 25 ± 1.8 24.3 ± 1.5 p = 0.035 20 21 20 31 31 27

Vol L1 29.1 ± 6.8 31.9 ± 6.4 25.1 ± 5.2 p\ 0.0001 14.1 18.4 14.1 47 47 37.4

L2 R2 20.1 ± 2.1 21 ± 2 18.8 ± 1.6 p\ 0.0001 16 16 16 26 26 22

H2 25.5 ± 1.6 25.7 ± 1.8 25.2 ± 1.4 p = 0.08 22 22 22 31 31 28

Vol L2 33.1 ± 7.5 36.2 ± 7.2 28.5 ± 5.5 p\ 0.0001 17.6 20.9 17.6 53 53 41

L3 R3 21.1 ± 2.3 22 ± 2.1 19.8 ± 1.9 p\ 0.0001 16 17 16 27 27 24

H3 26.3 ± 1.7 26.4 ± 1.9 26 ± 1.5 p = 0.22 22 22 23 34 34 29

Vol L3 37.7 ± 8.9 40.9 ± 8.6 32.8 ± 7 p\ 0.0001 18.4 22.6 18.4 59.5 59.5 48.1

L4 R4 21.9 ± 2.3 22.8 ± 2.2 20.6 ± 2 p\ 0.0001 17 18 17 28 28 24

H4 27.4 ± 1.8 27.7 ± 1.9 27.1 ± 1.5 p = 0.09 24 24 25 36 36 31

Vol L4 42.1 ± 9.8 45.7 ± 9.4 36.8 ± 8 p\ 0.0001 22.6 24.4 22.6 66.5 66.5 56

L5 R5 20.5 ± 2.1 21.2 ± 2 19.4 ± 1.7 p\ 0.0001 15 17 15 26 26 23

H5 26.6 ± 1.9 26.8 ± 2 26.3 ± 1.6 p = 0.15 22 22 24 36 36 32

Vol L5 35.7 ± 8 38.4 ± 8 31.8 ± 6.4 p\ 0.0001 17.6 19.9 17.6 57.3 57.3 48.6

Radius (R) is measured in mm. Vertebral height (H) in mm. and vertebral volume (Vol) in cm3
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vertebral body volume was weight in the male group and

overall height in the female group, whereas in the male/

female group, both weight and overall height variables

correlated with vertebral body volume. In addition, the

correlation coefficient between BMI and vertebral body

volume in the women-only group was close to zero.

For all lumbar vertebrae, calculating the correlation

coefficient between the variables overall height and

weight and vertebral height and radius showed that in the

male/female group, the radius was more closely correlated

with height than weight. In contrast, in the male group the

variable most correlated to the radius was weight, while

in women this was overall height. Vertebral height was

the variable most correlated with overall height in all

three groups. Finally, in the male-only group, the corre-

lation coefficient between weight and vertebral radius was

greater than that between weight and vertebral height

(Table 4).

Discussion

One of the main biases of this study is how the volume is

calculated, as it is based on a cylinder model of the ver-

tebral bodies and thus an approximation of body volume. A

wedge-shaped model [11] could have been used but the

main objective of the study was not to obtain an accurate

calculation of the volume of the vertebral body, but to see

whether there was a correlation between the morphological

data and these vertebral body volumes. However, this

calculation method was simple and reproducible. In addi-

tion, the study was not performed blind because the mea-

surements were collected and analyzed by the

investigators.

There was a wide inter-individual variability regarding

the volume of the L1–L5 vertebral bodies, which could be

explained by the wide inclusion criteria. The volume of

lumbar vertebral bodies was greater in men than in women

Table 2 Correlation coefficients of variables in the male/female, male-only and female-only groups

Correlation coefficients

L1 L2 L3 L4 L5 L1M L2M L3M L4M L5M L1F L2F L3F L4F L5F

Height 0.59 0.59 0.55 0.56 0.54 0.38 0.4 0.35 0.39 0.41 0.56 0.55 0.53 0.5 0.46

Weight 0.45 0.42 0.43 0.45 0.48 0.44 0.43 0.42 0.44 0.48 0.31 0.22 0.3 0.32 0.36

BMI 0.21 0.17 0.21 0.23 0.27 0.33 0.3 0.31 0.31 0.35 0.14 0.06 0.15 0.18 0.23

Table 3 Correlation coefficients for male/female, male-only and female-only groups with BMI values between 15 and 30 kg/m2

Correlation coefficients

R1 R2 R3 R4 R5 R1M R2M R3M R4M R5M R1F R2F R3F R4F R5F

Height 0.51 0.52 0.49 0.49 0.47 0.30 0.31 0.25 0.28 0.29 0.48 0.49 0.51 0.48 0.45

Weight 0.44 0.40 0.43 0.43 0.46 0.39 0.36 0.39 0.39 0.43 0.29 0.20 0.26 0.28 0.34

H1 H2 H3 H4 H5 H1M H2M H3M H4M H5M H1F H2F H3F H4F H5F

Height 0.44 0.42 0.39 0.42 0.37 0.35 0.35 0.39 0.37 0.34 0.53 0.42 0.49 0.48 0.39

Weight 0.22 0.20 0.18 0.22 0.19 0.11 0.09 0.10 0.15 0.15 0.27 0.28 0.26 0.24 0.20

Table 4 Correlations between vertebral radius and height versus overall height and weight

Correlation coefficients in BMI 16–30 range

L1 L2 L3 L4 L5 L1M L2M L3M L4M L5M L1F L2F L3F L4F L5F

Height 0.61 0.60 0.56 0.58 0.56 0.40 0.39 0.32 0.37 0.37 0.64 0.61 0.62 0.61 0.57

Weight 0.63 0.58 0.54 0.57 0.69 0.59 0.52 0.48 0.52 0.55 0.34 0.27 0.26 0.29 0.32

BMI 0.37 0.31 0.30 0.32 0.36 0.46 0.39 0.38 0.39 0.43 0.001 -0.05 -0.07 -0.26 0.032
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(p\ 0.0001). Their volume increased from L1 to L4, but

that of L5 appeared to be less than L3, which is probably

due to how the volumes were calculated. The height of the

vertebral body was calculated using only the frontal and

not the sagittal plane; the radius was measured using a

transverse plane. However, L5 tends to slope downward

and backwards relative to the standard anatomical position.

Therefore, the applicability of the results is weak in rela-

tion to L5. A study using multi-planar medical image

reconstruction (MPR) software is necessary to choose the

best angle to obtain a more accurate measurement of the

vertebral body.

This study is a preliminary investigation into whether

there is a correlation between vertebral body volume and a

person’s height, weight or BMI.

Despite these drawbacks, our results relating to the

volume of L5 appear to be in agreement with those found

by Limthongkul et al. (men: 42.52 ± 10.14 cm3 and

women: 28.80 ± 2.63 cm3) compared to L4 (men:

44.61 ± 9.96 cm3 and women: 30.19 ± 3.07 cm3) and L3

(men: 44.21 ± 10.14 cm3 and women: 29.54 ± 4.4 cm3)

[9]. In this study, which analyzed the thoracic and lumbar

vertebral body volumes of 40 patients, the volumes were

accurately measured using image guidance software

(BrainLAB�).

Vertebral volume increases gradually down to the

sacrum. These morphological differences are directly

related to the progressive increase in load on the body.

Therefore, it makes sense that the volume of the vertebral

body varies not only with the patient’s height but also with

his or her weight.

These concepts are reflected in our results since the

weight and overall height variables are both correlated with

the volume of the lumbar vertebral bodies, although overall

height seems to be a better indicator than weight in the

combined male/female group. However, this difference

disappears in the analysis of the BMI 16–30 group. In

addition, it should be noted that in the male-only group,

weight seems to be more correlated with lumbar vertebral

body volume, while in the women-only group, overall

height is the variable most correlated with vertebral body

volume. The reason for analyzing the BMI 16–30 subgroup

was to exclude patients whose body mass index was too

extreme. This helped to potentiate the results and at the

same time hardly reduced the power of the study, as only

32 patients were excluded out of the initial 129 patients. In

addition, in the women-only group, volume was highly

correlated with height, especially for L1. BMI, on the other

hand appeared to have no correlation with vertebral body

volume (0.001 for L1). This can be explained by the way

the BMI was calculated, as weight was only moderately

correlated (0.14 for L1) with vertebral body volume in this

group. Finally, spine’s ability to adapt to excess fat seemed

to have its limits since excluding obese patients potentiated

the results obtained.

In addition, the height of the vertebrae was similar in

both male and female groups, the difference in vertebral

body volume being explained by a difference in vertebral

body radius between the two sexes. The radius is indeed

greater in men than in women. In addition it was found that

the correlation between weight and vertebral radius was

greater than that between weight and vertebral height in the

male-only group. The vertebral body in men, therefore,

seems to expand with weight. Finally, the height of the

vertebrae is more closely correlated with the person’s

height than with their weight in all 3 groups. It is, therefore,

the height of the vertebrae that determines the overall

height of the individual.

In vitro studies on the treatment of vertebral compres-

sion fractures using vertebroplasty or kyphoplasty showed

that a cement volume of just 2 cm3 was capable of

restoring the height of the vertebral body [2] and with

8 cm3 it was possible to restore vertebral body rigidity [2].

The results of this surgical technique are still controversial.

The FREE study published in February 2011 brought

together 300 patients [4] and resulted in a significant

reduction in back pain after 7 days (VAS = -2.2 for the

kyphoplasty versus the non-surgical group, p\ 0.0001)

and at all subsequent visits. A randomized controlled trial

in 2009 compared the injection of small amounts of cement

(3 cm3) with a placebo control procedure limited to

inserting a needle into the vertebral laminae. No significant

difference was found in immediate post-operative pain or

after 6 months [5].

Other techniques include a cement injection of up to

12 cm3. In fact, the injection volume is not consensual and

is left to the discretion of the physician. However, the

injection pressure should be evaluated since this increases

the risk of cement leakage, and this applies to both per-

cutaneous techniques.

Finally, the application of this study would enable the

maximum volume of the lumbar vertebral body to be

defined (as a linear function), in men (based on their

weight) and women (based on their height).

Conclusion

Vertebral body volume increases from L1 to L4. The

volume of L5 is less than that of L3 and L4. These results

are also reflected in the analysis of male-only and female-

only groups. Overall height is the variable most correlated

with vertebral body volume in the men/women and

women-only groups, but it appears that in men-only group,

it is weight that is most correlated with vertebral body

volume.
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In addition, vertebral height is more correlated with

overall height than weight in all groups, while vertebral

radius is more correlated with weight in men, while in

women it is more correlated with their height. There is a

greater correlation between vertebral radius and weight in

men than vertebral height and weight.

As it is now possible to calculate the maximum volume

of a vertebral body based on overall height and weight, this

should be taken into account when considering vertebro-

plasty and kyphoplasty studies.

The authors declare that they have no conflict of interest.
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