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Introduction

Cerebral palsy (CP) is used to refer to a variety of underlying 
brain abnormalities, that result in impairments occurring in 
early development of movement, posture, or muscle tone1. 
The main cause is non-progressive damage to the brain 
during the prenatal, perinatal, or postnatal periods2.

Spastic diplegia is the most common type of CP, 
presenting with symmetric involvement of both lower limbs 
with prevalence of 35% of all CP cases3. Gait abnormalities 
and defects are common in children with spastic diplegia as a 
result of balance, motor control, and spasticity deficiencies4. 
Children with spastic diplegia have difficult to maintain 
balance while standing up straight5. They lose coordinated 

trunk flexor and extensor activation, which is necessary 
for a balanced posture due to trunk muscles stiffness and 
weakness6. The standing posture quality is also reduced 
by the presence of abnormal back geometry, poor postural 
reflexes, and poor alignment of the trunk that affects quality 
of life and daily living activities7. 

Although foot and knee postures in children with CP 
during standing are often examined8, little is known about 
the alignment of other body segments such as the trunk, 
spine, and pelvis. Moreover, how the disorientation of 
body segments influences standing posture has not been 
described9. Spinal and pelvic malalignments are possible in 
children with CP. Since, the spine terminates at the pelvis, 
spinal malformations in children with CP are highly prevalent, 
as are deformities that affect the pelvis. Furthermore, 
because the pelvis is between the hips and the spine, pelvic 
malalignments may result from either supra- or infra-pelvic 
causes, or both10.

Spinal deformity is the term used to describe morphological 
deviations from the spine’s normal posture in its coronal, 
sagittal, or axial positions11. Treatment for this condition 
usually consists of observation and surveillance to look for 
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signs of curve progression when the deformity is minor, 
less than 20°. For bigger curves, greater than 20° and 40°, 
respectively, bracing and surgery are the recommended 
therapies; however, therapy in these individuals also entails 
screening for signs of a change in the deformity12.

A routine examination will reveal spinal deformity, standing 
full-column radiographs of the spine continue to serve 
as the gold standard for diagnosis and subsequent curve 
surveillance. Medical practitioners can use radiographic 
pictures to measure the curvatures of the spine and 
determine the degree of the deformity in both the coronal 
and sagittal planes. However, the drawback of radiography 
is that repeated exposure to ionizing radiation significantly 
raises the likelihood of developing malignancies later in life, 
especially in young individuals13. For instance, the relative risk 
of breast cancer is roughly 4 times higher in these people14. 
While no patient can totally avoid x-rays, every effort should 
be made to limit radiation exposure15.

The Formetric 4D system by Diers Medical Systems analyze 
surface asymmetry and recognize bone landmarks, a standing 
patient’s back is projected with white raster lines, which are 
then photographed digitally. The clinician can apply external 
markers on landmarks they feel under the skin in obese 
individuals. The machine then uses a sophisticated algorithm 
to quickly recreate a three-dimensional representation of the 
patient’s spine without subjecting them to radiation harm by 
comparing the observed surface topography to a database of 
thousands of radiographic and topographic measurements of 
patients with scoliosis16. Recent studies have demonstrated 
that using more advanced formulas and powerful computers 
has increased the accuracy of these mathematical models 
throughout time17.

Thus, to overcome previous limitations, the current study 
aimed to investigate the association between Cobb’s angle 
and Formetric 4D surface topography system in evaluating 
spinal and pelvic deformity in children with cerebral palsy.

Materials and methods

Study design 

This study was designed to be a cross sectional study

Participants

This study was conducted between January and April 
2023. Parents were asked to an informed consent forms and 
agree to participate in the study and evaluate their children. 
One hundred children were selected from the Outpatient 
Clinic of Faculty of Physical Therapy at Cairo University. The 
inclusion criteria were: a) Diagnosed as cerebral palsy with 
spastic diplegia, b) Aged from 6 to 8 years, c) Having grade 1 
and 1+ spasticity according to the Modified Ashworth Scale,  
d) Height not less than one meter, e) Both genders participated, 
f) Children have normal flexibility of the lower back muscles as 
adequate flexibility with normal muscle length is essential for 
proper joint function and efficient movement. The exclusion 
criteria were: a) Congenital or acquired skeletal deformities 

or cardiopulmonary dysfunction, b) Had undergone previous 
orthopedic surgery in lower limbs, c) Had abnormal motor 
development or neurological disease that affect balance 
and gait, d) Had behavioral problems causing inability to 
cooperate during the study.

Procedures

Digital X-ray

The Cobb angle is the most popular tool to measure 
scoliosis and used to measure the severity of scolisis. Also, 
Cobb angle measurement is essential for the purpose of 
choosing a course of therapy, evaluating the efficacy of 
orthopedic and surgical operations, determining the severity 
of scoliosis and estimating the risk of progression20. To 
calculate the cobb angle, the upper and lower endplates of 
the upper and lower end vertebrae’s respective tangents 
must be estimated. 

When the Cobb angle is less than 10 degrees, the condition 
of a spine is related to the spinal curvature rather than 
scoliosis. Mild scoliosis is defined as a Cobb angle of 10 to 
20 degrees or less. If the Cobb angle is between 20 and 40 
degrees, the degree of scoliosis is considered to be moderate. 
Scoliosis with a severe Cobb angle is defined as one greater 
than 40 degrees19. 

Formetric instrumentation

Formetric instrumentation system is a three-dimensional 
scan and a spatial reconstruction of the spine that obtained 
by particular mathematical model to determine the spine 
geometry. Formetic system is valid and reliable based on 
the intra- and inter-rater reliability2,21. The formetric system 
consists from: a) Scan system (an optical column with base 
plate that contains a raster projector and a video camera 
mounted into a profile tube), b) Computer (a visual spine 
software that provides 3D-reconstruction of the spine based 
on measurement data of the system and allows individual 
image analysis of the carried-out examinations), c) Black 
background screen that allows light rays which fall away 
from the patient’s body to be absorbed and prevents them 
from reflecting back to the recording camera, allowing for 
clear and accurate recording of the patient’s back, d) Laser 
printer that provides high-quality printing. Before the 
testing session, each child received instructions regarding 
the evaluative procedures after signing a written consent 
form. This was done to ensure that all children understood 
the processes of the evaluation and were comfortable using 
the equipment, additionally all parents were informed of the 
study’s procedures and objectives for their children without 
any risk. Finally, warm and quiet environment required 
to evaluate each child. First enter date of birth, name, sex, 
height, and weight of the child then each child was instructed 
to stand with their backs to the black background screen by 
about two meters away from the scanning apparatus, either 
on the ground or on blocks depending on their height. The 
child’s back was fully bare, down to his or her buttocks to 
prevent altered image structures. Each child was instructed 
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to stand normally with their chin tucked and keep both upper 
extremities as far apart from the body as possible to enhance 
the presentation of the spinal prominence. The right image is 
obtained when the optical column’s height was adjusted prior 
to capture. Afterthought, the child was instructed to hold on 
breath for 40 milliseconds while being captured. Now three-
dimensional analysis was recorded and reproduced, also, 
pelvic inclination angle, which indicated the mean torsion of 
the surface normal of the right and left lumbar dimples, was 
recorded using a single capture23. The outcomes of the shape 
analysis are graphically represented on the laser printer. The 
anatomical parameters in each graphic technique are derived 
from the anatomical landmarks which include VP (vertebra 
prominence), SP (sacrum point), DL (left dimple), DR (right 
dimple), and DM (midpoint between both dimples). Using a 
certain mathematical model, a spatial reconstruction of the 
spine is then created22.

Statistical analysis

Data management and statistical analysis were done 
using SPSS version 28 (IBM, Armonk, New York, United 
States). Quantitative data were assessed for normality using 
the Kolmogorov–Smirnov test and direct data visualization 
methods. According to normality, quantitative data were 
summarized as means and standard deviations or medians 
and ranges. Categorical data were summarized as numbers 
and percentages. Correlations between Cobb’s angle and 
formetric parameters were assessed using Spearman’s 
correlation. Multivariate linear regression analysis was done 
to predict Cobb’s angle from formetric parameters. The 
regression coefficients with their 95% confidence intervals 
were calculated. All statistical tests were two-sided. P values 
less than 0.05 were considered significant.

Results

Demographics

The mean age of the studied patients was 7.2 ±0.7 years. 
Approximately half of the patients were males (53.2%), and 
the other half were females (46.8%). The mean weight and 
height were 16 ±1 kg and 123 ±6 cm, respectively (Table 1).

Formetric parameters 

The median trunk imbalance was 10 degrees, ranging 
from 0.4 to 33 degrees. The median lateral deviation was 8 
degrees, ranging from 0 to 15 degrees. The median pelvic 
tilt was 9 degrees, ranging from 0 to 27 degrees. The mean 
Cobb’s angle was 20 ±4 degrees (Table 2, Figure 1).

Correlation between formetric parameters and  
Cobb’s angle

As shown in Figure 2, there were positive correlations 
between Cobb’s angle and formetric parameters, including 
trunk imbalance (r = 0.430, P < 0.001), lateral deviation  
(r = 0.518, P < 0.001), and pelvic tilt (r = 0.422, P < 0.001).

Prediction of Cobb’s angle

Multivariate linear regression analysis was done to predict 
Cobb’s angle from formetric parameters. Each formetric 
parameter was evaluated separately to avoid potential 
multicollinearity, controlling for age, gender, weight, and 
height. Results revealed that formetric parameters were 
significant predictors of Cobb’s angle, including trunk 
imbalance (for a one-degree increase, Cobb’s angle increases 
by 0.227, B = 0.227, 95% CI = 0.13 – 0.324, P < 0.001), 

Table 1. General characteristics of the studied patients.

General characteristics 

Age (years) Mean ±SD 7.2 ±0.7

Gender

      Males n (%) 41 (53.2)

      Females n (%) 36 (46.8)

Weight (kg) Mean ±SD 16 ±1

Height (cm) Mean ±SD 123 ±6

Table 2. Formetric scan parameters of the studied patients.

Formetric parameters

Trunk Imbalance Median (range) 10 (0.4 - 33)

Lateral Deviation Median (range) 8 (0 - 15)

Pelvic tilt Median (range) 9 (0 - 27)

Cobb’s angle Mean ±SD 20 ±4

Figure 1. Formetric scan parameters of the studied patients.
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lateral deviation (for a one-degree increase, Cobb’s angle 
increases by 0.665, B = 0.665, 95% CI = 0.443 – 0.887, 
P < 0.001), and pelvic tilt (for a one-degree increase, Cobb’s 
angle increases by 0.252, B = 0.251, 95% CI = 0.143 – 
0.358, P < 0.001) (Table 3).

Discussion 

The purpose of this study was to investigate the 
association between Cobb’s angle and Formetric 4D surface 
topography system in evaluating spinal and pelvic deformity 
in children with cerebral palsy. Since the development 
of the Scoliometer, efforts have been made to identify 
a dependable and efficient technique for using surface 
topography to monitor the evolution of spinal curves in 
scoliosis patients. Although several surface topography-
based devices have been created, none of them have received 
general acceptance. Clinicians can be reluctant to rely on a 
method other than radiography for getting information that 
helps them decide whether to do surgery or other extreme 
treatments on a patient. This is probably related to the earlier 
findings that surface topography-based spinal imaging 

instruments do not consistently reproduce and compare well. 
The results of current research illustrated that there were 
positive correlations between Cobb’s angle and formetric 
parameters, including trunk imbalance, lateral deviation, and 
pelvic tilt. Also, Results revealed that formetric parameters 
were significant predictors of Cobb’s angle, including trunk 
imbalance (for a one-degree increase, Cobb’s angle increases 
by 0.227, lateral deviation (for a one-degree increase, Cobb’s 
angle increases by 0.665, and pelvic tilt (for a one-degree 
increase, Cobb’s angle increases by 0.252. Most importantly, 
it was found that there was a good correlation between 
Cobb angle measures from children with cerebral palsy 
using the Formetric 4D system and those from conventional 
radiography. It is not necessary for the surface topography 
and radiography measurements to match, even though 
this device cannot forecast curve magnitude with absolute 
accuracy, as topography serves largely as a change indicator. 
The clinician will be made aware of the potential for progression 
in the actual scoliosis curve by this change in topography. 
The Formetric 4D can be used effectively in the monitoring of 
children with cerebral palsy, the authors suggest24. According 
to the results of current research, the Formetric 4D was 
very reliable and reproducible measurements with standard 
deviations that are consistent with those found when taking 
standing radiographs25. The Formetric 4D provides useful 
clinical parameters for follow-up like trunk imbalance, pelvic 
tilt, pelvis torsion, lateral deviation, surface rotation, and a 
complete set of values from the analysis of the sagittal profile 
of the spine26-28. Although the Cobb angle is a reliable indicator 
of the deformity, it is insufficient given the complexity of this 
problem. The specialist’s decision-making process and the 
definition of various principles of correction to be employed 
in conservative as well as surgical treatment will be aided 
by a better understanding of the three-dimensional nature 
and natural history of scoliosis. Monitoring the effects of 
various therapies requires a thorough understanding of the 

Figure 2. Correlation between Cobb’s angle of the studied patients and a) Trunck imbalance; b) Lateral deviation; c) Pelvic tilt.

Table 3. Multivariate linear regression analysis to predict Cobb’s 
angle from formetric scan parameters.

B (95% CI) † P-value

Trunk Imbalance 0.227 (0.13 - 0.324) <0.001*

Lateral Deviation 0.665 (0.443 - 0.887) <0.001*

Pelvic tilt 0.251 (0.143 - 0.358) <0.001*

*Significant P-value; † Adjusted for age, gender, weight, and height; 
B: Regression coefficient; 95% CI: 95% confidence interval.
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connection between spinal deformity and trunk deformity29. 
Our results investigate that Formetric 4D surface topography 
system was effective in evaluating spinal and pelvic deformity 
in children with cerebral palsy which is consistent with Kumar 
et al, who concluded that the Formetric scanner could replace 
X-rays for follow up patients within boundaries of magnitude 
of curve, but that it could not replace X-rays for early diagnosis 
or when the patient is having a pre-operative assessment30.

Study limitations 

The present study has limitations, including: 1) Diagnosed 
spastic cerebral palsy and being limited to children aged 4 to 
6 years, which will affect the generalizability of the findings 
to pediatric populations with CP. 2) Further studies are 
certainly needed to confirm the long-term effectiveness of 
using Formetric 4D in clinical decision-making. 3) Surface 
topography will not completely replace radiographic analysis 
in monitoring patients in need to spinal and pelvic analysis, 
as it cannot evaluate the actual bone morphology the way a 
radiograph can.

Conclusion 

Formetric 4D surface topography system was effective in 
evaluating spinal and pelvic deformity in children with cerebral 
palsy when compared with x-ray to analyze the pelvic and 
spinal deformities. so, the Formetric scanner could replace 
X-rays for follow up children within boundaries of magnitude 
of curve. Future recommendations include measuring cobb’s 
angle and formetric topographic in different age groups of 
children and adolescents with CP.
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