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Abstract

Background: In order to detect possible abnormalities of the spine posture of an individual patient,
it is mandatory to dispose of adequate reference values based on measurements in a normal,
symptom-free population. The Diers formetric® system allows for non-invasive and accurate as-
sessment of the vertebral column based on the registration of external aspect of the back surface
using the Moiré principle. Objective: To create a qualitative spine profile based on the percentile
ranking of measurements obtained by the Diers formetric system taking into account possible
confounding factors. Materials and Methods: Statistical analysis of formetric recordings in 216
symptom-free volunteers. Results: Maximal kyphotic angle, maximal scoliotic angle, sagittal im-
balance, fleche cervicale, and pelvic inclination are significantly influenced by gender and by body
mass index (BMI). A synoptic chart was created presenting the percentile ranking taking into ac-
count gender and BMI. The percentile ranking was summarized in both a table with colour code
and depicted in a histogram of the individual’s Qualitative Spine Profile (QSP). Clinical Significance:
Percentile ranking and the Quantitative Spine Profile taking into account gender and BMI should
permit a more precise and reliable assessment of possible posture deviations related to the pa-
tient’s complaints, and may assist the therapist in selecting the best mode of treatment.
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1. Introduction

Low back pain is a common health problem in western society [1] and may affect as many as 70% of the popu-
lation in the course of life [2]. There is no consensus about the proportion of patients in whom a specific causal
factor is detected, such as osteoporosis, infection, fracture or metastasis of the vertebra, herniation of the inter-
vertebral disk, Bechterew’s disease, etc. [3]. In approximately 15% of cases the pain becomes chronic [4].

Several options are available for treating patients suffering from low back pain including physiotherapy, acu-
puncture, local and epidural infiltrations, analgesics or anti-inflammatory medication, chiropractic and manual
therapy, and osteopathy [5]. Before any treatment is initiated the anatomical situation of the spine must be as-
sessed [6], which can reliably be done by means of the non-invasive Diers formetric equipment, which does not
imply ionising radiation (Diers international Gmbh, Schlangenbad, Germany,
http://www.diersmedical.com/ProductPage.aspx?p=2). The Diers system deduces the anatomy of the thoraco-
lumbar spine based on the external aspect of the back surface using the Moiré principle, and it can repeatedly be
applied without any damage or side effects. The system generates a large number of quantitative variables of
angulation, torsion, asymmetry, etc.

In order to detect positional abnormalities of the spine, it is of pivotal importance to compare the specific
findings of an individual person with adequate reference values. These reference values should take into account
several confounding factors that may influence the “normal” configuration of the spine. Once the distribution of
the reference values has been defined, the results of an individual person should be situated in a percentile rank-
ing order for each one of the quantitative variables measured, in comparison with the reference data of the
“normal” population. This allows for creating a “qualitative spine profile” (QSP) of the configuration of the
vertebral column, revealing possible static abnormalities or weaknesses, which may assist the therapist in adapt-
ing and optimising his treatment [7] [8].

The present paper aims at quantifying the influence of gender, BMI and age on the distribution of variables
measured by the Diers system, at calculating reference values of a symptom-free population, and at presenting a
synoptic qualitative spine profile chart (QSP) that visualises the percentile rank order of particular spine charac-
teristics of an individual person.

2. Materials and Methods

A total of 226 symptom-free, healthy volunteers have been investigated using the Diers D-4 equipment. Of these
one third were male (mean age: 23.7 years, SD: 3.3 yrs.) and two thirds female (mean age: 23.4 years, SD: 2.9
yrs.). All volunteers gave written informed consent.

The data were made anonymous, recorded into an Excel spreadsheet, and analysed by the MedCalc statistical
programme (MedCalc Ltd., Ostend, Belgium) [9]. Measurements, such as trunk torsion, with positive and nega-
tive results corresponding to deviation to either the left or the right side, were squared for the calculation of the
percentile ranking.

The following statistics were used: calculation of mean and standard deviation, cumulative frequency distri-
bution, students t-test for independent variables, correlation coefficients for parametrical data, and calculation of
percentile ranking [10]. Body mass index (BMI) was calculated by dividing body weight (in kilogram) by the
square of length (in meter) and expressed as kg/m? [11].

3. Results
3.1. Gender

There is a significant difference between women and men regarding the maximal kyphotic (P = 0.034) and lor-
dotic angulations (P < 0.0001), as is evidenced by the position of the curves of cumulative frequency distribution
(Figure 1, Figure 2), but this is not the case for trunk torsion, nor for sagittal imbalance.
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Figure 1. Curves of cumulative frequency distribution of maximal
kyphotic angle (on the horizontal axis, in degrees) in men (blue open
circles) and women (red filled squares). The figure represents the ac-
tual data and the respective curves of normal distribution. The cumu-
lative frequency distribution curve of women is situated more to the
right indicating higher angles.
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Figure 2. Curves of cumulative frequency distribution of the maxim-
al lordotic angle (on the horizontal axis, in degrees). The curve of
women is situated far more to the right indicating importantly higher
values in women than in men.

3.2. Body Mass Index (BMI)

BMI was significantly correlated with the maximal lordotic angle (r = 0.19, P = 0.041), with the maximal ky-

photic angle (r = 0.22, P = 0.016), and with sagittal imbalance (r = 0.50, P < 0.0001), whereby lordotic and ky-
photic angle were mutually correlated (r = 0.37, P = 0.0001).

The population was divided into 3 conventional groups: group 0 with normal BMI between 19 and25 kg/m?(n

= 27), group 1 with overweight and BMI between 25 kg/m? and 30 kg/m? (n = 27), and group 2 with obesity and
BMI of 30 kg/m? or higher (n = 21).

The cumulative frequency distribution curves were significantly different in respect to the following va-
riables:

The sagittal imbalance (Figure 3) was higher in BMI group 2 than in group 1, and in group 1 than in group 0,
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Figure 3. Curves of cumulative frequency distribution of the sagittal
imbalance (on the horizontal axis, in degrees) in the 3 groups of body
mass index (BMI). The curve of persons with normal BMI (group = 0,
BMI < 25 kg/m?) is situated most to the left indicating lower values.
The curve of persons with overweight (group = 1, BMI between 25
and 30 kg/m?) is in the middle, with values higher than persons of
group = 0, but lower than persons of group = 2. The curve most to the
right corresponds to persons of group = 2, with obesity and BMI > 30
kg/m? who present the highest sagittal imbalance.

confirming the positive correlation between BMI and sagittal imbalance, and suggesting higher forward inclina-
tion of the trunk as BMI increases.

The “fleche cervicale” was higher as BMI increased (Figure 4), confirming forward inclination, and the
fleche cervicale was significantly correlated with the sagittal imbalance (r = 0.65, P < 0.0001) (Figure 5).

The maximal kyphotic angle was higher among persons with BMI of 25 kg/m® or more (groups 1 and 2) as
compared to group 0 with BMI < 25 kg/m?, but there was no difference between the groups 1 and 2 (Figure 6).
The kyphotic angle was significantly correlated with the fleche cervicale (r = 0.49, P < 0.001) and with the sa-
gittal imbalance (P < 0.0001).

The pelvic inclination was lower in the persons with BMI > 30 kg/m? than in the two other groups, which are
not different mutually (Figure 7). It was negatively correlated with fleche cervicale (r = —0.34, P = 0.003), but
not with sagittal imbalance, nor with the kyphotic angle.

Although the maximum lordotic angle was significantly correlated with the kyphotic angle (r = 0.39, P <
0.0001) there was no significant difference of the former between BMI-groups (P = 0.29).

3.3. Age

There was no influence of age, since the mean and median values of variables did not indicate differences be-
tween younger and older persons regarding lordosis, kyphosis and sagittal imbalance. Also age was not corre-
lated with BMI.

4. Percentile Ranking

Two determinants need to be included in order to create specific reference values, namely gender (2 classes) and
BMI (3 classes). Gender, height and weight should be registered for every new case and BMI is calculated au-
tomatically by the computer programme. These data are connected with the relevant variables generated by the
Diers system.

The percentile rank of a measured value is the percentage of values in its frequency distribution that are the
same or lower than it. For example, a result that is greater than or equal to 75% of the scores of people taking the
test is said to be at the 75th percentile rank. Thus, the measured variables are compared with the reference values
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Figure 4. Depicts the cumulative frequency distribution curves of
fleche cervicale (on the horizontal axis, in mm) of the 3 BMI-groups.
Legends as in Figure 3.
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Figure 5. Distribution plot of the correlation between sagittal imbal-
ance (on the horizontal axis, in degrees) and the fleche cervicale (on
the vertical axis, in mm) in all cases. The regression in and its 95%
confidence intervals are shown (r = 0.65, P < 0.0001).

of the subgroup to which the person belongs, and the percentile rank is generated. The percentile rankings are
presented in an overview synoptic histogram (Figure 8).

5. Discussion

The correlation between kyphotic angle and lordotic angle confirms the concept described as reciprocal angula-
tion of vertebral bodies in the sagittal plane [12].

The present data confirm our previous results regarding the effect of gender on spine configuration (Lason et
al., in press, International Journal of Osteopathy 2015) and underscore the need to include gender information
into the evaluation of reference values.

The absence of influence of age on spine curvatures is in agreement with results published by others [13] [14]
in adults, and in children [15]. In contrast, Youdas et al. [16] reported an effect of age on standing lumbar cur-
vatures in persons between 20 and 79 years of age, but this effect was only significant when comparing the age
group of 20 to 29 years with the age group of 50 to 59 years.
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Figure 6. Cumulative frequency distribution curves of the maximal
kyphotic angle (on the horizontal axis, in degrees) in the 3 groups of
BMI. The curve of group = 0, with BMI < 25 kg/m? is situated more
to the left of the curves of groups 1 and 2. The latter are not signifi-

cantly different mutually.
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Figure 7. Cumulative frequency distribution curves of pelvic inclina-
tion (on the horizontal axis, in degrees) according to the BMI. The
curve of group = 2, with obesity and BMI > 30 kg/m? is situated to
the left of the curves of groups 0 and 1, which are not significant
mutually. This indicates that the pelvic inclination is lower in persons
with obesity than in persons with overweight (group = 1) or with
normal body mass index (group 0, BMI < 25).

The ratio of body weight with height is expressed in the Quetelet index or body mass index (BMI), though
this may not be an optimal marker for body fat percentage and to identify obesity [17]. Increasing BMI has an
important influence and is associated with forward inclination of the trunk as evidenced by increased fléche cer-
vicale and sagittal imbalance, as well as increased thoracic kyphosis. The latter occurs already when the BMI
exceeds 25 kg/m?. On the other hand, pelvic inclination is lower in persons with BMI exceeding 30 kg/m?.
Whereas forward inclination of the trunk can logically be expected due to imbalance from overweight and obes-
ity, the decreased pelvic inclination with inverse relation to the fleche cervical is more difficult to explain,
though it may result from stronger compensatory fixation of the lumbo-sacral segment. Whereas Youdas et al.
[16] found no significant effect of BMI, Romero-Vargas et al. [18] detected a non-significant effect of obesity
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Figure 8. Qualitative Spine Profile (QSP) chart of a symptom-free volunteer identified as GOT-0ld87, being female (vrouw)
with BMI (calculated by the software) of 22.7 kg/m? and, therefore, belonging to group 0. In the upper left corner the image
of the vertebral column generated by the Diers system is represented. The table lists the measured values of the five fixed va-
riables, namely: sagittal imbalance, maximal lordotic angle, maximal kyphotic angle, fleche cervicale, pelvic inclination, as
well as of the 5 variables selected by the investigator namely: lateral inclination, pelvic obliquity, pelvic torsion, trunk tor-
sion and apical deviation. For each one of the variable the corresponding percentile rank is plotted below the measured value,
whereby percentile ranking of torsion measurements is based on the squared value. The histogram depicts the percentile
rankings of each variable. It can be seen that in this person the sagittal inclination, maximum kyphotic angle, pelvic inclina-
tion and pelvic obliquity are close to the median values of the reference population of women with BMI between 19 and 25.
Maximal lordotic angle, pelvic torsion, trunk torsion and apical deviation are situated at or near the 25" percentile. Lateral
deviation is high, and fléche cervicale has not been measured. The percentile values are also marked with colours in accor-
dance with the colour scale indicated at the bottom of the chart.
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Figure 9. This figure illustrates the importance of considering BMI when interpreting the sagittal imbalance in an individual
person. The curves of cumulative frequency distribution represent the sagittal inclination (on the horizontal axis, in degrees)
in the 3 BMI groups (see also Figure 3). A person with sagittal inclination of e.g. 4° and BMI < 25 (group = 0) will be
ranked on approximately the 80st percentile, indicating a relative high degree of imbalance as compared to his peers with the
same BMI. If a person with the same sagittal inclination of 4° belongs to BMI group 1 (overweight) the sagittal imbalance
will be situated at approximately the 50st percentile, corresponding to the median of his BMI-group. A person with the same
sagittal imbalance and belonging to the obesity-group = 2 will rank at approximately the 20st percentile of his group, and
therefore his sagittal imbalance will be considered relatively low.
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on lumbar lordosis using a radiographic method. Others reported a significant effect of BMI on lordosis and ky-
phosis [19] [20]. In addition, obesity and overweight have commonly been reported in association with low back
pain [21]-[24], possibly related to hyperlordotic posture [25].

It could be argued that the higher kyphotic angle in persons with overweight or obesity may be due to the fact
that women have, on an average, a lower BMI [26] [27]. However, women having a higher kyphotic angle than
men, this would be associated with the opposite effect, namely a higher kyphotic angle in the normal BMI-group.
Hence, gender and BMI seem to independently influence the sagittal spine angulations.

In relation to the goal of the present study, the difference in posture related with BMI should be considered
when evaluating the results of any individual person and be taken into account when ranking the individual
measurements in a percentile order.

Indeed, there is a major difference in percentile ranking between a person with sagittal imbalance of e.g. 4°
and BMI < 25 kg/m? compared to the same degree of imbalance in a person with BMI > 30 kg/m? (Figure 9).
Whereas the sagittal imbalance of first person ranks at the 80st percentile, and is relatively high in comparison
with his peers, that of the second person ranks at approximately the 25st percentile, which is relatively low. A
person with sagittal imbalance of 4° and BMI between 25 and 30 will rank at the 50st percentile, corresponding
to the median value for his BMI-group.

Finally, an example is shown of the image obtained by the Diers system and the corresponding QSP, taking
into account the gender and the BMI of that particular person (Figure 8). The QSP always contains the 5 meas-
ured variables, the percentile ranking of which is influenced by gender and BMI, and is completed with 5 addi-
tional variables which can be freely selected by the investigator.
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