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Abstract
Objectives: This paper evaluates the efficacy of using the McKenzie and Vojta methods for patients with low back pain and the use of the DIERS Formet-
ric 4D system as an objective diagnostic tool. Material and Methods: The study enrolled 28 patients aged 15–17 years old. The patients were hospitalized 
at the Department of Orthopedics and Traumatology of the Świętokrzyskie Center for Pediatrics in Kielce with a diagnosis of back pain associated with 
a discopathy. The patients were rehabilitated according to the McKenzie and Vojta methods. Assessment by means of the DIERS Formetric system had 
taken place before the first therapy session and on the day that pain was eliminated to evaluate trunk inclination, angle of thoracic kyphosis, angle of lum-
bar lordosis, lateral deviation, trunk torsion, surface rotation and pelvic obliquity. Pain intensity and change in pain intensity over time were assessed by 
means of a numerical rating scale. Results: Pain intensity was reduced to 0 over 3–12 days. The study participants demonstrated reduction in anterior trunk 
inclination of the mean value at 1.83°. The angle of thoracic kyphosis was also reduced by 7.95°. The angle of lordosis increased by 7.6°. The lateral spinal 
curvature was reduced by 8.92 mm. There was a reduction of 4.64° in trunk torsion. Surface rotation was reduced by 1.61° and pelvic obliquity was reduced 
by 3.78°. Conclusions: In discopathic patients, postural parameters comprising trunk inclination, angle of thoracic kyphosis, angle of lumbar lordosis, lateral 
deviation, trunk torsion, vertebral rotation and pelvic obliquity fail to reach Hartzmann’s physiological reference ranges. A therapeutic intervention based 
on the Vojta and McKenzie methods may normalize the posture to physiological reference ranges and is effective in the treatment of patients with back 
pain. The DIERS system is an objective tool for tracing the effects of therapy in patients with back pain. Int J Occup Med Environ Health 2019;32(1)
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spinous processes and vertebral rotation demonstrates 
a high degree of compatibility with CT-based calculations 
of the Raimondi angle [10,11].
Based on an appropriately selected diagnostic tool and 
an insightful analysis, an optimum rehabilitation program 
based on neurophysiological methods may be developed 
for a given patient. In the study of pediatric patients, 
authors used the McKenzie method which incorporated 
a system of diagnostic and therapeutic actions that were 
of importance for a detailed assessment of the causes of 
pain. The Vojta approach was also used. This method 
serves to restore normal motor patterns and correct pos-
tural defects through the use of both fundamental systems 
of facilitation (“reflex creeping” and “reflex rolling”) to 
produce a change in the position of the center of gravity 
and help the patient assume an erect position and main-
tain body balance and a coordinated posture. A special 
selection of physiotherapeutic interventions and preven-
tive measures plays a significant role as adjuncts to the 
therapy [3,12–14].
This paper offers an objective evaluation of postural ab-
normalities in children with back pain. Significant devia-
tions were noted with regard to the angle of lordosis, lat-
eral spinal curvature, trunk torsion and vertebral rotation, 
pelvic orientation and the gait cycle.

Aim
This paper evaluates the efficacy of using the McKenzie 
and Vojta methods in patients with low back pain and the 
use of the DIERS Formetric 4D system as an objective 
diagnostic tool.

MATERIAL AND METHODS
The study enrolled 28 patients (10 boys and 18 girls) 
aged 15–17 years old. The patients were hospitalized at 
the Department of Orthopedics and Traumatology of the 
Świętokrzyskie Center for Pediatrics in Kielce with a diag-
nosis of back pain associated with a discopathy confirmed 

INTRODUCTION
Back pain is becoming increasingly prevalent in both 
the adult and pediatric populations. Most commonly, 
the site of pain is the lumbar segment of the spine. The 
shift from an active to sedentary life style is believed to 
be a main underlying cause of back pain, contributing to 
abnormalities in the activity of muscles, ligaments and 
joints [1,2]. Any anatomical structure as well as nervous 
system abnormalities may be a cause of pain. Contribut-
ing factors in back pain include overweight, pro-gravity 
posturing and co-existing medical conditions, including 
cancer [2,3]. Different sources present different data re-
garding the incidence/prevalence of back pain. The use 
of a diversity of diagnostic methods and groups of dif-
ferent characteristics leads to significant differences in 
epidemiological data both in Poland and globally [4–6]. 
The literature describes non-specific back pain, charac-
terized by a variety of incidence/prevalence patterns and 
a multifactorial etiology [6–8]. Still, back pain is a recur-
rent condition with periods of symptomatic exacerba-
tion and remission, and the symptoms tend to become 
progressively more chronic. Chronic pain alters neuro-
muscular control and performance of movement, pro-
ducing functional disorders. Patients with chronic back 
pain demonstrate disorders of balance, postural control, 
co-ordination and muscle endurance and reduced pro-
prioception of the trunk position [9]. Effective treatment 
of back pain should be based on a detailed diagnostic 
evaluation. The complexity of episodes of organic and 
functional back pain makes diagnosis considerably dif-
ficult, necessitating the use of MRI, CT and conventional 
radiography scans. The DIERS Formetric 4D system is 
an additional diagnostic modality serving to make the 
diagnosis more objective. It utilizes visual stereographic 
measurements. The formetric examination is character-
ized by significant reproducibility and sensitivity. It does 
not involve exposure to Röntgen radiation, which is an 
advantage. The formetric measurement of the course of 
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 – trunk torsion: trunk rotation relative to the line con-
necting the posterior superior iliac spines,

 – surface rotation: difference in skin height overlying the 
spinal transverse processes,

 – pelvic obliquity: angle formed by the line connecting 
the posterior superior iliac spines and a line perpen-
dicular to the body’s axis of symmetry.

An individual therapy session involved the use of therapeu-
tic techniques for the lumbar spine according to McKenzie 
and a combination of global patterns based on the Vojta 
approach. A significant role was also played by patient re-
education regarding the maintenance of an optimum body 
posture for rehabilitation purposes. The physiotherapist 
worked with each patient for about 20 min 3 times a day. 
Patients were instructed to practice the prescribed therapy 
every 2 h. Both the hospitalized patients and their legal 
guardians had been informed in detail about the therapeutic 
approach and educated about the therapeutic techniques.
All patients and their legal guardians were acquainted 
with the study methodology and provided their informed 
consent to participate.
Student’s t-test for dependent samples was used for ana-
lyzing the study findings statistically.

RESULTS
The CT scans obtained on the day of admission in all pa-
tients revealed the presence of intervertebral disc protru-
sions of 3–6 mm with impression of the meningeal sac. The 
protrusions were seen in the lumbar spine (Table 1).
During the baseline examination, the patients rated pain 
intensity at 6–8 pts on a numerical rating scale (Table 1). 
On the day of self-assessment of pain intensity, the pa-
tients were not exposed to analgesic medication.
Following the therapy (a combination of the McKenzie and 
Vojta techniques with detailed patient reeducation), pain 
subsided completely (NRS 0) within 3–12 days after begin-
ning of the therapy. The duration of treatment of different 
patients was different. There was no relationship between 

by CT assessment. History taking and physical examina-
tion did not reveal coexisting medical conditions that 
could have contributed to the symptoms reported by the 
patients. The pain was of a mechanical nature, which was 
caused by the intervertebral pressure.
The inclusion criteria involved the age 15–17 years, a diag-
nosis of lumbosacral disc disease, and an overt consent to 
participate given by the patient and his/her legal guardian.
The exclusion criteria comprised chronic pain (> 1 month),  
coexisting conditions with similar symptomatology, use of 
analgesics within 24 h preceding the first and last exami-
nation and termination of therapy or noncompliance with 
therapeutic instructions.
Pain intensity was rated on an 11-item numerical rating 
scale (NRS) where a mark of 0 corresponded to no pain 
and a mark of 10 corresponded to the most severe pain 
possible.
The DIERS examination with precise measurement of the 
parameters was performed before the first therapy session 
and on the day the pain was completely eliminated, the 
interval ranging 3–12 days (mean 5).
Parameters were assessed by means of the DIERS For-
metric 4D system. Markers were used for improving 
measurement precision. The DIERS Formetric Aver-
age examination was carried out for each patient to as-
sess spinal alignment. The following parameters were 
evaluated:
 – trunk inclination: the angle between the line connect-

ing the C7 and L5 spinous processes and the vertical 
projection of the C7 spinous process,

 – angle of thoracic kyphosis: the angle formed by the 
apex of the thoracic kyphosis and the C7 and Th12 
spinous processes,

 – angle of lumbar lordosis: angle formed by the apex 
of lumbar lordosis and the Th12 and L5 spinous 
processes,

 – lateral deviation: distance between the apex of the lat-
eral curvature and the body’s axis of symmetry,
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The study participants demonstrated reduced anterior 
trunk inclination by 1.83° (2.87° at baseline vs. 1.04° at final 
examination) on average. This difference was statistically 
significant at p < 0.05 (Table 2).

the time of recovery and the size of discopathy. Patients 
did not take analgesics during the entire treatment.
The elimination of pain produced a change in DIERS 
parameters.

Table 1. Rotation at individual L–S levels, size of protrusions and pain intensity at the beginning of treatment of patients  
aged 15–17 years old in the Department of Orthopedics and Traumatology of the Świętokrzyskie Center for Pediatrics in Kielce, Poland

Patient 
no.

Rotation
[°]

Protrusion size
[mm] Pain intensity (NRS) – 

examination 1
L1 L2 L3 L4 L1–L2 L2–L3 L3–L4 L4–L5

1 –1.8 –2 –2.7 –1.5 0 3 4 0 7
2 –4.3 0.3 1.3 0.1 0 0 5 0 7
3 –0.7 –2.2 –1.3 0 0 4 3 0 6
4 –2.1 –0.7 –0.8 –0.2 4 0 3 0 6
5 –8.8 –7.6 –5.8 –1 5 5 3 0 8
6 4.8 4.1 3.3 1.5 4 4 3 0 7
7 –2.2 0.1 1 –0.4 5 0 3 0 7
8 –4.5 –4.2 –3.7 –2.1 6 5 0 0 8
9 –3.3 –5.9 –5.4 –2.3 0 6 4 0 6
10 –2.7 –3.7 –3 0.5 3 4 5 0 7
11 –3.4 –4.1 –3 –1.4 0 3 0 0 6
12 –7.9 –6.3 –3.6 –1.6 6 4 4 0 7
13 0.8 0 –1.5 –2.2 0 0 3 5 6
14 –4.8 –3.1 –0.8 –0.4 4 3 0 0 6
15 –2.9 –3.9 –1.8 1 0 5 0 0 7
16 0.2 –1.6 –1.7 –0.2 0 5 6 0 7
17 –0.2 –2 –4 –3.7 0 0 4 6 8
18 –4.3 –3.9 –4.5 –0.9 3 0 5 0 6
19 –5.4 –5.5 –3.5 –1.3 4 5 0 0 7
20 –2.9 –1.3 0 0.2 4 3 0 0 6
21 –5.5 –4.9 –3.3 –1.5 4 4 3 0 6
22 –4.2 –5.7 –3.8 –0.4 5 6 0 0 8
23 –1.6 –0.2 1.4 0.5 0 0 5 0 8
24 –0.3 1.1 0.4 –0.9 0 6 3 0 6
25 –4.6 –4.9 –3.2 0 5 4 3 0 6
26 –2.4 –1.4 –1.8 –1 4 3 3 0 6
27 –3.8 –3.9 –3.1 –0.7 5 5 3 0 7
28 –2.3 –1 –0.4 0.1 0 0 4 6 8

NRS – numerical rating scale.
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DISCUSSION
Back pain is a social problem all over the world regard-
less of the particular countries or populations studied as 
well as economic or social conditions. Both acute and 
chronic symptoms predominate. The prevalence of back 
pain has prompted research in this area, focusing mostly 
on the location, frequency and intensity of the pain and 
the patients’ quality of life [15–18]. It is estimated that ap-
proximately 70–85% of the population have experienced 
an episode of back pain [19,20]. Research on back pain 
in the pediatric population dates back to the 1980’s, when 
this issue was first brought to the fore by Salamin, whose 
work was followed by an avalanche of papers on back pain 
in the pediatric population, with special attention to the 
lumbo-sacral segment [21,22]. The literature stresses the 
non-specific nature of back pain in the pediatric popula-
tion and its multifactorial etiology, and the prevalence 
figures given vary widely [5,6]. In a prospective study, 
Kjaer et al. found that symptoms of degenerative disc dis-
ease were present in one third of their study population 
of 13-year-old children [22].
Preliminary epidemiological studies indicate that 11–71% 
of children experience back pain. According to Watson 
et al. [23], the problem affects approximately 24% of chil-
dren aged 11–14 years old, Skaggs et al. [24], however, 
writes that this problem affects up to 37% of children.

The angle of thoracic kyphosis was reduced by 7.95° (39.08° 
at baseline vs. 31.14° at final examination). This difference 
was statistically significant at p < 0.05 (Table 2).
The angle of lordosis increased by 7.6° (28.88° at baseline 
vs. 36.48° at final examination). This difference was statis-
tically significant at p < 0.05 (Table 2).
The lateral curvature of the spine (“lateral deviation”) was 
reduced by 8.92 mm (7.21 mm at baseline vs. –1.71 mm at 
final examination; the minus sign preceding the value in-
dicates hypercorrection of the lateral curvature). This dif-
ference was statistically significant at p < 0.05 (Table 2).
Rotation of the trunk relative to the body axis (“trunk tor-
sion”) was reduced by 4.64° (3.83 at baseline vs. –0.81° at fi-
nal examination; the minus sign preceding the value indicat-
ed trunk rotation to the opposite side than at baseline). This 
difference was statistically significant at p < 0.05 (Table 2).
Vertebral rotation (“surface rotation”) was also investi-
gated. Upon completion of the treatment, this parameter 
was reduced by 1.61° (4.72° at baseline vs. 3.11° at final 
examination). This difference was statistically significant 
at p < 0.05 (Table 2).
The pelvic orientation (“pelvic obliquity”) also changed 
by 3.78° (1.84° at baseline vs. 1.96° at final examination); 
the minus sign preceding the value indicates pelvic inclina-
tion to the opposite side than at baseline). This difference 
was statistically significant at p < 0.05 (Table 2).

Table 2. Changes of parameters in 28 patients aged 15–17 years old during the treatment in the Department of Orthopedics  
and Traumatology of the Świętokrzyskie Center for Pediatrics in Kielce, Poland

Parameter
Change revealed during the examination

p
baseline final

Trunk inclination [°] 2.87 1.04 < 0.05
Angle of thoracic kyphosis [°] 39.08 31.14 < 0.05
Angle of lumbar lordosis [°] 28.88 36.48 < 0.05
Lateral deviation [mm] 7.21 –1.71 < 0.05
Trunk torsion [°] 3.83 –0.81 < 0.05
Surface rotation [°] 4.72 3.11 < 0.05
Pelvic obliquity [°] 1.84 –1.96 < 0.05
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lence and elimination of back pain. There are also papers 
comparing the McKenzie method and manual thera-
pies [13,38,39]. In this study, the intention of the McKen-
zie method is to use appropriate diagnostic protocols 
that will be beneficial for reducing pain in the pediatric 
population.
In view of its complex pathomechanism, back pain gives 
rise to numerous diagnostic and therapeutic difficulties. 
Non-invasive imaging techniques include the DIERS For-
metric examination, which may reveal abnormalities in 
body posture, gait cycle, balance or loading in early dis-
ease. The DIERS system is being increasingly used both 
for imaging posture and for non-invasive evaluation of 
treatment outcomes [10,40–43]. This study used the DI-
ERS Formetric 4D and pedogait systems for verifying pos-
tural abnormalities in children with back pain and known 
discopathy lesions. Authors have presented in an objective 
manner significant changes in the angle of lordosis, lateral 
spinal curvature, trunk and vertebral rotation, as well as 
changes in pelvic orientation and the gait cycle. The medi-
cal market now offers the DIERS system as a tool for non-
invasive and precise assessment of posture in both static 
and dynamic positions. There is a need for further studies 
of the DIERS system to present a wider array of applica-
tions of this device.

CONCLUSIONS
In discopathic patients, postural parameters comprising 
trunk inclination, angle of thoracic kyphosis, angle of lum-
bar lordosis, lateral deviation, trunk torsion, vertebral ro-
tation and pelvic obliquity fail to reach Hartzmann’s physi-
ological reference ranges.
A therapeutic intervention based on the Vojta and  
McKenzie methods may normalize the posture to physi-
ological reference ranges and is effective in the treatment 
of patients with back pain.
The DIERS system is an objective tool for tracing the ef-
fects of the therapy in patients with back pain.

Approximately 40% of the pediatric population experience 
at least one episode of back pain, with 13% experiencing 
recurrent pain, and 10% of school-age children reporting 
intermittent pain. Back pain is most often associated with 
injury to the intervertebral disc and degeneration of in-
tervertebral discs and facet joints [25–27]. Imaging studies 
reveal herniation and degenerative lesions to be the most 
common causes of pain [28]. Intervertebral disc injury in 
the pediatric population predominantly affects one disc, 
occurring most commonly at L4/L5 and L5/S1 [29,30].  
It is believed that the prevalence of back pain in children 
increases with age [31]. Numerous epidemiological studies 
have shown a correlation between the occurrence of back 
pain in children and physical activity. A sedentary life style 
and postural defects contribute substantially to the pres-
ence of body pain [32].
The current literature includes few papers combining 
research on discopathy-associated pain in the pediatric 
population and selected therapeutic and diagnostic ap-
proaches. There are relatively more publications on non-
specific back pain in children [5,6]. However, there is no 
significant discussion regarding the efficacy of a combina-
tion of the Vojta and McKenzie approaches in discopathy-
associated back pain in children.
The literature on the Vojta method is most often con-
cerned with the therapy of children in the neonatal pe-
riod and infancy. Authors concentrate on the diagnosis 
and therapy of early disorders of CNS function and 
muscle tone [33–36]. Steffan [37] claims that the Vojta 
approach may be used in the treatment of idiopathic 
scoliosis. The main aim of the Vojta method is to effect 
a normal motor pattern through the use of basic facili-
tation systems. The result is improved function of the 
proprioceptive and vestibular systems, which in turn im-
proves trunk stability.
The literature on the McKenzie method includes papers 
on the diagnosis and therapy of all spinal segments, and 
especially the lumbar spine. Authors consider the preva-
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