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BACKGROUND
Static balance 
       Maintaining an upright position is a complex task that 
involves a precise relationship between sensory 
information and motor activity(1). Postural control has two 
behavioral goals, named postural balance and 
orientation, which are achieved through a dynamic 
relationship between sensory information and muscle 
activity, and can be evaluated using a force platform, 
such as a baropodometry or stabilometric platform. 
Postural balance can be defined as the state in which all 
the forces acting on the body are balanced, allowing 
control of the projection of the center of mass of the body 
within the limits of the support base(2,3). 
       According to Enoka, a system is in mechanical 
equilibrium when the sum of forces acting on it is equal to 
zero, however, this is not an easy task when it comes to 
the human body(4). Barela states that constant oscillations 
occur even when a person tries to remain standing as 
stable as possible(1). 
In maintaining body balance, the vestibular, optical and 
the proprioceptive systems must be fully functioning. This 
information is used by the postural system to provide an 
internal reference of the environment through the position 
and movement of body parts. The abundance of this 
information guarantees the stability of postural control 
even with the deficiency of one of these systems(3). 
       Hennemam(5) and Schmidt(6) define the human body 
posture as the relationship between the head, trunk and 
limbs, and affirm that the support of the upright posture 
requires complex neurological coordination, although  

 
mostly reflex. It has been previously shown that spinal 
misalignment can result in an inadequate posture, which 
may lead to exacerbated loss of balance and body 
oscillations(5,6). The therapeutical approach evaluated in 
the present study, i.e., The Soulier method, was 
developed to assess body dealignments, identify posture 
compensations and correct them through non-invasive 
subtle adjustment techniques. 
       Intrinsic as well as extrinsic factors constantly affect 
physiology.  Intrinsic factors are related to changes in 
cellular mechanism, e.g., the aging process, which is 
triggered by a genetic program that determines the 
beginning of senescence(7), but may be accelerated by 
environmentally induced cellular damage accumulated 
over the years, i.e., extrinsic conditions, such as radiation, 
altitude, environmental temperature, pollution, smoking, 
as well as inadequate diet, poor or inadequate living 
conditions, among other factors(8). 
Several changes can contribute to a loss of balance in the 
elderly population, such as cognitive impairment, 
musculoskeletal disorders, pain, visual impairment, 
medications and sarcopenia(9). One way to assess static 
balance is to use stabilometry, which is the objective 
study of the body's oscillation during quiet rest, that is, 
evaluation of posture in the absence of voluntary 
movements or external disturbances. Stabilometry is 
usually based on the analysis of the time variant center of 
pressure (CoP) coordinates during a bipedal or single leg 
stance(10).   
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ABSTRACT 
Background: Postural control has two behavioral goals: postural balance and orientation, which are achieved through a dynamic 

relationship between sensory information and muscle activity. To maintain body balance, the vestibular, optical and proprioceptive 
systems must be fully functioning. Neuromuscular balance (NB), developed by François Soulier, is a non-manipulative method that 
involves applying a soft vibration or a micro-thrust with a small mechanical device to a joint or vertebra in order to induce realignment 
and readjustment. Objective: To identify the biomechanical effect of NB upon static balance and body oscillations of adults and the 
elderly through stabilometry. Methodology: In this interventional study, 20 healthy volunteers - 10 young adults (aged between 18 and 

30 years old) and 10 elderly (aged between 60 and 80 years old) - were subjected to 10 consecutive weekly NB sessions. Stabilometry 
was assessed at baseline and after the 10th intervention (center of pressure (COP) behavior parameters: total area in mm2, laterolateral 
and anteroposterior width in mm). Results: Anteroposterior as well as total area oscillations significantly decreased in the adult 

population (p<0.0179 and p<0.0242, respectively). Additionally, all parameters were reduced in both groups, although differences 
between pre and post intervention were not statistically significant. Conclusion: NB effectively decreased anteroposterior and total area 
oscillations of adult patients, positively contributing to static balance.  
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Neuromuscular Balance 
       Neuromuscular balance (NB) was developed in 
France in 1993 by a physiotherapist named François 
Soulier, after five years of study, when he discovered 
a chiropractic technique named “activator methods”, 
which uses a spring-loaded, hand-held mechanical 
instrument called “activator adjusting instrument” that 
generates quick, low-force mechanical impulses, with 
the aim of replacing the chiropractor hands when 
performing a sacrum manipulative technique(11,10). In 
sum, NB is a non-manipulative method that involves 
applying a soft vibration or a micro-thrust with a small 
mechanical device to a joint or vertebra in order to 
induce realignment and readjustment(12).  
       NB is a very common method in physiotherapy, 
although only a handful of studies have been 
conducted with this technique. NB starts with the 
analysis of the length of the lower limbs with the patient 
in prone position and, if differences between the two 
limbs are identified, the physiotherapist will search for 
misalignments or joint blockages by applying manual 
pressure to specific areas of the body. Treatment is 
carried out by soft vibration or a micro-thrusts with the 
“neuromuscular balancer” mechanical device(13). 
       NB is a stress-free treatment for the patient that 
plays an important role in the organization of the 
proprioceptive system and, consequently, in the 
improvement of postural muscle tone, allowing the 
body to balance itself, by stimulating subtle postural 
corrections. This vibrational stimulation is applied 
upwards according to the imbalances found(13-14).  
       This technique is designed to correct joint blocks 
and for tonic readjustments, and can be combined with 
any other technique, except for massage and 
electrothermal phototherapy treatments, which must 
be performed prior to NB, due to reflex information, 
which is the basis of this technique, and can be 
compromised if performed after such interventions(14). 
 
Manipulation and C1 
       Manipulation can be defined as the passive 
movement of a vertebra with high speed and low 
amplitude, within its physiological range of motion and 
preserving its anatomical integrity. Headaches are 
commonly treated with chiropractic. In these cases, it 
is assumed that the normalization of muscle tone and 
joint mobility of cervical structures, especially the upper 
cervical segments, leads to a reduction of nociceptive 
stimuli to the trigeminal nerve nuclei, and consequent 
relief of painful symptoms in the innervation territory of 
this nerve(15-18). There is evidence that joint 
manipulation therapy (JMT) can be effective for the 
treatment of migraines, tension-type headaches and 
cervicogenic headaches(16,17), and even in decreasing 
systolic blood pressure after specific adjustments of 
the upper cervical vector (atlas)(19). A study showed(20) 
decrease in pain and increase in mobility of the 
temporomandibular joint, after high-speed and low-
amplitude manipulation (HSLAM) of the C0 to C3 
region. The misalignment of the atlas can affect the 
nervous system by changing  

 
the weight in the atlanto-occipital joint, thus stimulating 
articular mechanoreceptors. The resulting reflexes can 
create a functional inequality in the length of the legs 
and observable postural asymmetry, thus, leading to a 
postural imbalance(21,22). 
 
Rhythmic Reflex Massage (RRM) 
       Manual therapies, including massage, are well 
established techniques used to relieve pain and 
provide relaxation, among many other functions, and 
which are constantly being perfected(23). Rhythmic 
reflex massage (RRM) created by François Soulier, 
based on conventional massage techniques, 
emphasizes the importance of touch, and the hand as 
a therapeutic agent for stimulation of self-healing(24). 
       According to the data previously described, the 
objective of the present study was to identify the 
biomechanical effect of NB upon static balance and 
body oscillations of adults and the elderly through 
stabilometry. 
 

METHODS     
Study Ethics 
       Interventional research conducted from February to 
July 2019 at the Clinical School of the Physiotherapy 
course at UNICENTRO. Before the beginning of the 
experiment, this study was approved by the University 
Ethics Committee for Clinical Research (COMEP) / 
UNICENTRO (protocol number: 138707180.0.0000.0106 
/ approved number. 3,322,969). 
 
Sample 
       Ten (10) young adults (18 to 30 years old) and 10 
elderly individuals (60 to 80 years old) voluntarily 
participated in this study. All participants signed the study 
informed consent form. 
 
Inclusion criteria 
       Patients who accepted to participate in the study on 
a voluntary and committed basis. 
 
Exclusion criteria 
       Patients with neurological or trauma-orthopedic 
pathologies who presented functional dysfunction. 
 
Assessment tools 
       Participants were assessed using stabilometry with a 
Footwork brand device that features an 490mm x 490mm 
active surface; dimensions 565 x 420 x 25 mm; Weight 
3Kg; 4096 (6x6) calibrated capacitors; PC connection: 
USB2 compatible 1.1; analog conversion: 16 bits; 
Frequency: 200Hz; pickup size: 7.62 x 7.62 mm; 
maximum pressure per pickup: 120N / cm2. 
 
Statistical analysis 
       The results were analyzed using GraphPad Prism 
(version 6.0, La Jolla, California, USA) to determine 
means, standard deviations and p values. Data were 
analyzed with unpaired t test, with a confidence level of 
95%. Values of p < 0.05 were considered to be statistic 
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ally significant. For the standardization of oscillation 
values, a calculation was performed for each patient, 
based on the study by Rocchi and collaborators(25). 
 
Treatment 
       After the evaluation, the volunteers were seen once 
a week, in 20-minute sessions, once a week for 10 
consecutive weeks. The NB protocol used in this study 
consisted of applying the Atlas (C1) Specific Technique, 
followed by the RRM, and was divided into 5 stages, 1) 
Examine, test and find the injury, asking the patient to 
perform a trunk and cervical rotation, examine the finger-
to-floor distance, and trunk inclination, to identify which 
side is less mobile, 2) Identify the side to be corrected, 
according to the length of the upper limbs 3) Identify the 
three axes of the injury, which are divided into flexion or 
cervical extension; inclination and rotation to the right or 
left side, 4) Correction of Cervical Vertebra 1 (Atlas) (hole 
in one), which is performed standing up according to the 
evaluation performed 5) Verification of the result(26). 
Afterwards, RRM is applied in three steps: 1) Lying down, 
2) Sitting, 3) Standing. 
       Lying down: In prone position, upper limbs along the 
body, the therapist's hands descending along the spine to 
the sacrum, with gentle, regular and light pressures with 
one hand, meanwhile, the other hand performing knee 
flexion and extension. All of these phases were first 
performed passively and then actively, which consisted of 
the patient performing the movements unassisted(26). 
       Sitting: With one hand, the therapist performs circular 
movements with the patient's ankle, and with the other 
hand performs gentle pressure on the lateral regions of 
the ankle, going up along the tibia, fibula and posterior 
leg, and performing knee extension and flexion at the 
same time, while massaging around the knee and moving 
up the quadriceps(26). Standing: With one hand, the 
therapist rotates the patient's thumb and wrist, and with 
the other presses the bones of the carpus, forearm and 
radial head, continuing in the lateral region of the upper 
limb (deltoid and upper trapezius) with abduction of 
shoulder, and finally, palpating the pectoral region 
associating it with shoulder adduction. All of these phases 
were first performed passively and then actively, which 
consisted of the patient performing the movements 
unassisted(26). 

 

RESULTS 
       The evaluated outcomes with significantly 
statistical differences between baseline and post-
intervention were: Body’s center of pressure (CoP) 
antero-posterior oscillation (p = 0.0179) and, Body’s 
center of pressure (CoP) total area oscillation (p = 
0.0242) in the group of adults, however, all variables 
had lower average results compared to pre-treatment, 
that is, the three oscillations assessed here decreased 
after treatment. Table 1 shows the p values, the mean 
body oscillations of adult patients and, in percentage, 
the difference between pre and post treatment. 
       Below are the average values for each variable 
evaluated. 

 
Figure 1. Stabilometric parameter: Body’s center of 
pressure (CoP) antero-posterior oscillation. Each 
column represents the mean of 10 individuals, and the 
vertical lines indicate the S.D.M. 
*Note: p<0.05, when comparing baseline with post-intervention 
(paired t-test). 

 

 
Figure 2. Stabilometric parameter: Body’s center of 
pressure (CoP) latero-lateral oscillation. Each column 
represents the mean of 10 individuals, and the vertical 
lines indicate the S.D.M. 
*Note: p<0.05, when comparing baseline with post-intervention 

(paired t-test). 

 

 

 
Figure 3. Stabilometric parameter: Body’s center of 
pressure (CoP) total area oscillation. Each column 
represents the mean of 10 individuals, and the vertical 
lines indicate the S.D.M. 
*Note: p<0.05, when comparing baseline with post-intervention (paired 
t-test). 
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Table 1. values of means, p and, percentages of the adult group 

*Note: Table 1: Stabilometric parameter: anteroposterior oscillation, latero-lateral and total area oscillation, p-value of all variables, before treatment 

and, after treatment, and finally the percentages referring to the differences of these two parameters (before and after).  

 
 
       Although not statistically significant, all parameters were reduced in the elderly group after 10 treatments, as 
shown in Table 2. 
 
 

 
 

Table 2. values of means, p and, percentages of the elderly group. 
 

 P value Mean (Baseline) Mean (Post-TTO) % 

CoP antero-posterior oscillation 0.4504 5.072 3.379 50% 

CoP latero-lateral oscillation 0.3270 3.920 2.641 54% 

CoP total area oscillation 0.3691 23.20 6.836 66% 

*Note: Stabilometric parameter: anteroposterior oscillation, latero-lateral and total area oscillation, p-value of all variables, before treatment and, 
after treatment, and finally the percentages referring to the differences of these two parameters (before and after). 

       

Results indicate that, in both groups, there was a 
decrease of the three oscillations evaluated after 10 NB 
sessions. This data is more significant in CoP total area 
oscillation in both groups, where in the adult group a 

decrease of 39, 2% was observed, and in the elderly 
group, 71%, that is, these patients had their postural 
system adjusted after treatment (although data was not 
statistically significant). 

DISCUSSION 
    Aquaroli and collaborators(27) applied manual 
mobilization techniques, cervical traction, pompage, 
stretching, myofacial inhibition and, finally, joint 
manipulation in patients with cervical radiculopathy, and 
the treatment method proved to be effective, reducing 
analgesia and functional disability. 
       Teixera(28), carried out a study with seven 
participants, to evaluate the effect of cervical 
manipulation (C7) on the balance of asymptomatic 
individuals, and results showed that manipulation 
reduced postural oscillations (unipodal balance 
assessment) during the first two attempts made, 
reflecting an acute effect. After five minutes this effect 
tended to gradually disappear. In the present study, with 
the Atlas Specific treatment, all patients maintained a 
better static balance after 10 visits, although data was not 
statistically significant in the elderly group. 

       Valente(12), analyzed the effects of NB in its first 
stage, which consisted of assessing the possible 
existence of joint blocks in the knees, ankles, pelvis,  

 
sacrum, pubis, spine, first rib, shoulders, and checking for 
difference in length in the limbs, followed by correction 
using the neuromuscular balancer. Results showed the 
efficiency of this protocol through the distribution of 
means in the hindfoot, midfoot and forefoot, occasionally 
decreasing body sway, corroborating with the present 
study.  
       Gabardo and Caberlon(28), reported that problems of 
vertebral instability and its effects may be related to the 
Atlas. In this context, these authors conducted a study 
with 15 students and teachers who presented complaints 
of chronic or acute neck pain, and the reassessment 
made immediately after NB, showed that there was a 
statistically significant decrease in pain (p<0.0001), as 
well as a decrease in local temperature and range of 
motion, but without statistically significant results. 
       Neta(11) and Campos(13) carried out similar studies, 
which consisted of the application of NB in patients with 
chronic low back pain. Both studies demonstrated that NB 
increased spine mobility. 100% of the cases were positive 

 P value Mean (Baseline) Mean (Post-TTO) % 

CoP antero-posterior 
oscillation 

0.0179* 4.958 3.563 28% 

CoP latero-lateral oscillation 0.1878 4.563 3.898 15% 

CoP total area oscillation 0.0242* 18.47 11.23 39,2% 
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in Campos' study after just one application. Although this 
was not the main objective of the present study, some of 
the participants reported immediate relaxation, greater 
flexibility and decreased back pain after the sessions. 
       Schneider and collaborators(29) and Gorrell and 
collaborators(30) also carried out similar studies 
comparing manual and instrumental manipulation in low 
back and cervical pain, respectively, using the activator 
methods (activator IV), in both studies there were no 
statistically significant differences between the 
techniques.  

       These effects occur through the stimulation of body 
proprioceptors that the technique provides, translating 
into a smaller number of oscillatory movements, 
promoting a better static balance. 

  

CONCLUSION 
       NB effectively decreased anteroposterior and total 
area oscillations of adult patients, positively contributing 
to static balance. Although parameters were also reduced 
in the elderly group, differences between pre and post 
intervention were not statistically significant. 
       The technique developed by François Soulier is an 
innovative, simple, and fast approach, with no adverse 
effects for patients. Although commonly used, it lacks 
scientific research. 
       As improvement of static balance may be an 
important preventive therapeutic tool in adults and the 
elderly, a larger size, randomized, placebo-controlled 
clinical trial with this technique is recommended.  
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