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The aim of this study was to investigate gender-specific influences of different symmetric and asymmetric 

occlusion conditions on postural control during standing and walking. 

The study involved 59 healthy adult volunteers (41 f/19 m) aged between 22 and 53 years (30.2 ± 6.3 

years). Postural control measurements were carried out using a pressure plate by measuring plantar pres- 

sure distribution during standing and walking test conditions. Seven different occlusion conditions were 

tested. Prior to a MANOVA model analysis, the relationship between the two test conditions were checked 

using a factor analysis with a varying number of factors (between 2 and 10). 

The plantar pressure distributions during walking and standing are independent test conditions. The 

coefficient of variance across all variables between the conditions and genders was not significant: 

t(46) = 1.51 ( p = 0.13). No statement can be made whether, or not, the influence of gender is greater 

than the influence of the conditions. 

Healthy male and female test subjects did not show any difference between seven occlusion conditions 

on the plantar pressure distribution while standing or walking. No differences between the genders were 

found for any of the investigated variables. In contrast to custom-made occlusion splints, simple cotton 

rolls appear not to influence the neuromuscular system in a systematic manner. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of IPEM. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Postural control is defined as the act of maintaining, achiev- 

ng or restoring a state of balance during any posture or activity. 

athologies, such as chronic and acute low back pain, do influ- 

nce postural control. Measuring the plantar pressure distribution 

uring standing and walking can provide some information about 

ostural control. There is already some evidence available [1] that 

eople with low back pain have altered plantar pressure distribu- 

ions. Therefore, a clear understanding of the pressure distribution 

uring standing and walking may help in detecting pathologies [2] . 

Standing and walking are the two fundamental movements 

erformed in everyday life. During standing, both feet should be 
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qually loaded [3] , however, the plantar pressure distribution ratio 

uring standing, between the forefoot and rear foot, is around 4:6 

hen the feet are parallel to each other [3 –5] . The neuromuscu- 

ar system adjusts, constantly, the body posture in order to keep 

alance. During normal, neutral standing, the medio-lateral move- 

ent is restricted in the ankle, knee and hip joints. The align- 

ent is much better for the anterior-posterior rotation axes, there- 

ore, the flexion and extension in the ankle, knee and hip joints 

an be easily performed. This higher freedom of movement in 

he anterior-posterior direction has been confirmed in many stud- 

es [6 –9] ; for instance, for young adults < 30 years, the mean

ody sway in the anterior-posterior direction is around 19 mm, 

hile the mean sway in the medio-lateral direction is between 

 and 9 mm [6 –9] . The control of body balance is also age-

ependent. For test subjects above 60 years, an increase of about 

0% in both directions has been observed; this may be due to 

 loss of vestibular sensory organs, especially caused by hair cell 
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egeneration [10] . Overall, the plantar pressure distribution during 

tanding and walking serves as a window to postural control. 

The literature on the influence of occlusion conditions on pres- 

ure distribution, as well as on postural control, however, is con- 

roversial [8 , 11 –15] . Furthermore, occlusion splints can influence 

he kinematics [16] and kinetics [17 , 18] of people. Changes in the 

emporomandibular joint (TMJ) can have an immediate effect on 

uscle activity for body posture, body stability and physical per- 

ormance [19 –22] . Currently, there are many theories which at- 

empt to explain these observations; some of the most prominent 

heories are muscle chain theory, activation or deactivation of the 

rigeminal nerve and subsequent interaction in the brain stem and 

ascia chain theory [23 –30] . The current observations show that 

he influence of an occlusion change can have both immediate ef- 

ects (observed after a view seconds) [16 , 31] and long-term effects 

12 weeks) [32] . 

In addition to the controversial influence of occlusion changes 

n the plantar pressure distribution during standing and walking, 

ender-specific differences in standing and walking are also con- 

entious in the literature. In general, gender influences a variety 

f biological functions, for example, differences in pain threshold, 

ormone balance, connective tissue and muscularity [33-36] . Fur- 

hermore, Maurer and Nigg [37 , 38] reported different walking pat- 

erns which may be due to different anatomy and body composi- 

ion between the genders. However, Cuz-Gomez et al. [39] found 

o differences between gender for the postural stability while 

tanding on different surfaces with either open or closed eyes. On 

he other hand, Farenc et al. [36] showed that men have a larger 

way amplitude for horizontal displacements of the center of grav- 

ty than women. This observation can be explained by both mor- 

hological and physiological (architectural properties of the soleus 

uscle) characteristics [36 , 40] and, furthermore, has also been ob- 

erved in older people, where men have a lower level of postu- 

al stability compared with women [41] . In addition, Bussey et al. 

42] showed that women appear to have a stronger effect of limb 

ominance on their anticipatory postural control strategy for rapid 

ingle leg lift. 

While walking, male test subjects have been reported as having 

 larger deviating center of pressure (COP) progression angle dur- 

ng the forefoot contact phase, foot flat phase and forefoot push-off

hase than female test subjects [43] . In addition, the peak pressure 

nd peak force in the medial toe and forefoot are greater for men 

hile the contact area in the central forefoot and heel area are 

lso larger for men than women. Females, on the other hand, have 

 greater contact area in the midfoot than men; this may be due to 

he larger foot size of men compared to women [44] . Furthermore, 

or men, an increase of the mean pressure on the lateral forefoot 

nd a decrease of the longitudinal arch of the foot with aging has 

een observed, whilst women show an increase of the mean pres- 

ure in the medial ball foot with age. These results have also been 

onfirmed within a systematic review, including a meta-regression 

nalysis, by Telfer and Bigham [45] . 

Gender-specific differences also exist for the temporomandibu- 

ar system (TMS); for instance, temporomandibular disorders 

TMD) are found more frequently in females than males [46 –48] . 

ite force also differs between the genders [49 , 50] ; this is highest

or severe brachyfacial male individuals being heavy and tall, as 

ell as being between 41 and 50 years old. On the other hand, the 

revalence of dental attrition is not associated with factors of age, 

ender, occlusion and the temporomandibular joint (TMJ) symp- 

omatology [51] . Furthermore, the sagittal condylar inclination is 

ot gender specific [52] . There is some evidence that the force- 

ontrolled bite, the jaw positions and the occurrence of TMD influ- 

nce postural control [53 –55] . However, the role of gender on the 

nfluence of the occlusion condition on postural control is unclear 

3 –9 , 12] . 
48 
Since the occlusion influence on the plantar pressure distribu- 

ion in standing and walking on the same volunteer collective has 

ot, as yet, been analyzed, this is the primary aim of the present 

tudy. As both standing and walking are equally important in ev- 

ryday life, both movements were measured. Furthermore, a series 

f different occlusion conditions, symmetric as well as asymmet- 

ic, were undertaken. Currently, gender-specific differences of oc- 

lusion conditions are not well represented in the scientific liter- 

ture of this research field. With the potential influence of occlu- 

ion conditions on postural control, the second aim of this study 

s to investigate gender-specific influences of occlusion conditions 

n postural control. This should yield a comprehensive picture of 

ossible gender-specific differences. 

Therefore, the following hypotheses were tested: 

1 The plantar pressure distributions of standing and walking are 

independent of each other. 

2 During standing, men have a larger body sway in the frontal 

and sagittal displacements than women. 

3 While walking, men have a higher maximal plantar pressure 

distribution in the forefoot area than women. 

4 There is a gender-specific difference between the occlusion con- 

ditions on the plantar pressure distribution for both the stand- 

ing and walking test conditions. 

. Material and methods 

.1. Test subjects 

The study involved 59 healthy adult volunteers (41 female 

66%), 19 male (34%)) with an age of 30.2 ± 6.3 years (ranging 

etween 22 and 53 years). Inclusion criteria were a complete den- 

ition and no dental pathologies or dysfunction of the occlusion. 

n self-report, the volunteers stated that they had not been suffer- 

ng from peripheral, central vestibular nor somatosensory dysfunc- 

ion. Furthermore, the test subjects did not suffer acute or chronic 

athologies of the muscular skeletal system. 

Exclusion criteria comprised: current orthodontic treatment, 

herapy with occlusion appliance, cracking or rubbing sounds in 

he TMJ, pain during TMJ movements or chewing malformations in 

he jaw area (such as cleft lip and palate), traumata or operations 

n the upper or lower jaw, jaw clamp or jaw lock, tumours of the 

ral and maxillofacial region, acute infection and medication with 

uscle relaxants. 

A positive ethics recommendation from the Department of 

edicine of the Goethe University Frankfurt am Main (ethic- 

umber: 92/11) was obtained. Its guidelines relate to the ethical 

rinciples of medical research in humans which are set out in the 

urrent version of the 2008 Helsinki Declaration. 

.2. Measurement device 

A plantar pressure plate GP multisens ( R © GeBioM, Münster, 

ermany) was used for measuring the plantar pressure dis- 

ribution while standing and walking. This has dimensions of 

50 × 455 × 4 mm 

3 . The active area is 390 × 390 mm 

2 and 

onsists of 48 × 48 sensors, resulting in a total number of 

304 resistive pressure sensors, thus, the spatial resolution is 1.5 

ensors/cm 

2 . The temporal resolution for this study was 4 ms as 

he sampling rate was 250 Hz. The measuring error for the plate is 

5% according to the manufacturer. 

.3. Occlusion conditions 

Seven different occlusion conditions were tested: the neutral 

ondition [56] , where test subjects took their habitual bite posi- 

ion, the maximum intercuspation , in which the cusps of the teeth 
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Fig. 1. Explanation of the measured variables. For the standing test condition, the 

measured variables were the sway in the frontal plane and the sway in the sagittal 

plane. The pressure area was divided into four quadrants: forefoot right, forefoot 

left, rear foot right, rear foot left. In addition the total pressure of the rear foot and 

the total pressure of the right foot; only the rear and right were used because the 

relative pressures were used and, therefore, the forefoot and the left contribute the 

remaining to 100%. For the walking test condition, the pressure of the toe, ball foot 

(lateral, center, medial) and the heel were used. In addition, the force rate, the ratio 

between the braking and acceleration force and the contact time were used. All 

measured variables were measured for the left and right sides. 
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f both arches fully interpose themselves, four other occlusion con- 

itions, adjusted by using a cotton roll (right and left [ symmetric ] 

ide in the premolar region, only right or left in the premolar re- 

ion or front blocking) and one silicon panel (Bausch KG; Cologne, 

ermany) placed in the front (front silica) . 

.4. Measurements 

In total, 24 variables were tested. Eight variables were mea- 

ured within the standing test condition and 16 variables were 

easured within the walking test condition. The specific variables 

easured were the following: 

Standing test condition : Test subjects stood barefoot for 30 s 

n a habitual position ( Fig. 1 ). The measured variables included 

he maximal sway amplitude in the frontal and sagittal directions 

mm], the relative pressure distribution of all four quadrants con- 

isting of the left and right (fore and rear) foot [%] and the rel-

tive pressure distribution of the right foot [%] ( right foot ) and 

orefoot [%] ( forefoot ). The left foot and rear foot were excluded 

s they are the inverse of the right foot and the forefoot, respec- 

ively. 

Walking test condition : Test subjects walked barefoot with con- 

tant speed over the pressure plate and hit the pressure plate with 

nly one foot ( Fig. 1 ). The measured variables included the maxi- 

um pressure during the roll-off for toe, mid foot (medial, mid 

nd lateral area) and heel area ( left and right foot ) [N/cm ²], force

ate during foot contact (right/left foot) [BW/s], ratio of brake 

orce to the acceleration force [%] ( left and right ) and the con- 

act time of both feet [s]. 

All pressure data were normalized by the maximal pressure, 

herefore, the pressure data were independent of the body weight 

f the test subjects and so comparisons between the genders could 

e performed. 
49 
.5. Measurement protocol 

Detailed instructions were provided and the procedures for 

he standing and walking test conditions were demonstrated. The 

tanding trial was performed first, followed by the walking trial. 

hile walking, the right leg was first tested followed by the left 

eg in additional trials. The measurement was repeated three times 

efore the next condition was performed. 

The occlusion conditions were performed in a randomized or- 

er. 

.6. Statistics 

Due to the seven different occlusion conditions, 24 variables 

nd gender, we had to control for several influencing factors, thus, 

e used a MANOVA model in order to account for multi com- 

arisons. The mutual independence of the variables was checked 

ith a correlation analysis. The cut-on for dependence was set to 

 = 0.75. Prior to the MANOVA, the relationship between the two 

easurement systems was checked. This was executed using a fac- 

or analysis with a varying number of factors (between 2 and 10). 

The normal distribution of all mutually independent variables 

as checked (Lilifort test). However, as the variables were not nor- 

ally distributed, data distribution transformation was performed 

nd the rank of the data calculated. An inverse normal distribu- 

ion was performed on the rank of the data resulting in a normal 

istribution of the data. MANOVA was set up with 168 within fac- 

ors and 2 between factors. The within factors comprised the seven 

cclusion conditions and the 24 variables of the pressure distribu- 

ion during standing and walking; the between factors comprised 

he gender and the age of the test subjects. The MANOVA model 

as set to test within the 168 columns of conditions x variables 

etween the two factors of gender and age and the interaction of 

ender and age (gender + age + gender:age). For the variables, the 

est of equal mean was performed for the seven conditions, for the 

4 variables and within each individual group of condition + vari- 

ble + condition:variable. For all tests, a separate mean was used. 

Significant comparisons within the MANOVA would have been 

ubjected to an ANOVA. 

In addition, to compare the influence of occlusion conditions 

ith gender, the coefficient of variance was calculated and com- 

ared through all variables. The significance level was set to 0.05. 

ll statistical analysis was carried out with Matlab R © (mathworks, 

ersion 2018a). 

. Results 

Factor analysis revealed that the two measurement conditions, 

tanding and walking, have different dimensions ( Fig. 2 ). Therefore, 

hese two measurement conditions can be considered as indepen- 

ent measurement conditions. The best separation was achieved 

ith three factors; the first and the third factors loaded mainly on 

tanding trials, while the second factor loaded mainly on walking 

rials. The 1st factor can be seen as the anterior-posterior factor, 

he 3rd factor as the symmetry between left and right and the 2nd 

actor describes the mean pressure pattern during walking. 

The explained variance of the three factors was 16%, 14% and 8% 

or the 1st, 2nd and 3rd factors, respectively. Gender specific dif- 

erences were found for the 1st factor, but not for the 2nd and 3rd. 

ale test subjects showed a mean coefficient of −0.35(0.9), while 

emale test subjects showed a mean coefficient of 0.16(1.0) on the 

st factor (mean (standard deviation)). The difference between the 

wo means was t(411) = 24.78 ( p < 0.001). A gender-specific fac- 

or analysis revealed that the result for the female group matches 

he overall results reasonably well. The correlation between the fe- 

ale loadings and the overall loadings was |r| = 0.95(0.037). For 



C. Maurer, F. Holzgreve, C. Erbe et al. Medical Engineering and Physics 88 (2021) 47–53 

Fig. 2. Factor loadings for the 24 variables. The two measurement conditions are clearly separate and are, therefore, two independent measurement conditions. 

Fig. 3. Pressure and postural sway during the standing test condition. The measured variables have been plotted for the seven conditions, separated into the two gender 

groups. Note that the input into the MANOVA was not the raw data, but the rank transformed data. 
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ale subjects, the 1st and 2nd factor switched ranking. The abso- 

ute value for the correlation with the corresponding factors was 

r| = 0.66(0.32), where the 2nd factor of the male subgroup loaded 

he worst on the 1st factor of the overall group, r = 0.29. The cor-

elation between the 2nd factor of the male subgroup and the 1st 

actor of the overall group was r = −0.9 and the correlation be- 

ween the 3rd factor of the male subgroup and the 3rd factor of 

he overall group was r = −0.77. 

The pressure and sway measurements are presented in Fig. 3 . 

he measured data were separated into the seven occlusion con- 

itions and the two gender groups. The data for the walking trial 

re presented in Fig. 4 . Once more, the data were separated into 

he seven occlusion conditions and the two gender groups. Visual 

nspection does not show a clear difference between the seven oc- 

lusion conditions which was confirmed when the MANOVA model 

as applied to the data. 

The MANOVA results revealed no difference within conditions 

nd variables, nor between gender and age ( Table 1 ). Therefore, no 

urther post-hoc tests were carried out. 

The coefficient of variance across all variables between the con- 

itions and gender was not significant: t(46) = 1.51 ( p = 0.13). 

he differences between the two genders are, therefore, greater 
50 
han between the occlusion conditions, but without a significant 

 -value. 

. Discussion 

The first aim of this investigation was to determine the influ- 

nce of different occlusion conditions on pressure measurements 

uring standing and walking. The second aim was to investigate 

he relationship between the two genders on these variables. Fac- 

or analysis showed that the measurement of the pressure distri- 

ution during walking and standing are independent of each other. 

here is no direct correlation between variables of the pressure 

istribution during standing and the variables of pressure distri- 

ution during walking. Therefore, both measurements add differ- 

nt aspects to the pressure distribution while using the occlusion 

onditions used in this study. Within this study, the 1st hypothe- 

is was confirmed; the overall statement of the 1st hypothesis is 

rue for both genders. The 1st and the 3rd factors loaded mainly 

n the standing measurement. The 2nd factor loaded mainly on 

he walking measurement. With a summed explained variance of 

4%, the 1st and 3rd factors explained much more of the variance 

han the 2nd factor with 14% which means that the standing test 
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Fig. 4. Pressure, force and contact time of the walking test condition. The measured variables have been plotted for the seven conditions, separated into the two gender 

groups. Note that the input into the MANOVA was not the raw data, but the rank transformed data. 

Table 1 

MANOVA Table. Statistical analysis was performed in one comprehensive step, controlling for multi com- 

parisons. No significance was found in relevant variables. 

Within Between Statistic Value F R Square df1 df2 P Value 

(Intercept) (Intercept) Wilks 0.81 13.13 0.19 1 55 0.001 

(Intercept) Gender Wilks 1.00 0.04 0.00 1 55 0.852 

(Intercept) Age Wilks 1.00 0.05 0.00 1 55 0.829 

(Intercept) gender:age Wilks 1.00 0.00 0.00 1 55 0.968 

condition (Intercept) Wilks 0.80 14.14 0.20 1 55 0.000 

condition Gender Wilks 1.00 0.10 0.00 1 55 0.759 

condition age Wilks 1.00 0.08 0.00 1 55 0.780 

condition gender:age Wilks 1.00 0.02 0.00 1 55 0.879 

variable (Intercept) Wilks 0.86 9.07 0.14 1 55 0.004 

variable gender Wilks 1.00 0.09 0.00 1 55 0.763 

variable age Wilks 1.00 0.10 0.00 1 55 0.756 

variable gender:age Wilks 1.00 0.02 0.00 1 55 0.880 

condition:variable (Intercept) Wilks 0.85 9.53 0.15 1 55 0.003 

condition:variable gender Wilks 1.00 0.17 0.00 1 55 0.681 

condition:variable age Wilks 1.00 0.13 0.00 1 55 0.717 

condition:variable gender:age Wilks 1.00 0.07 0.00 1 55 0.795 
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ondition explained 20% more of the overall variance. The walking 

est condition is more complex and has a higher degree of free- 

om, thus, different subjects experience different pressure distri- 

utions. In total, this higher spread of different solutions may lead 

o the reduced loading on several factors for the walking test con- 

ition. 

A MANOVA including all contributing variables, as well as the 

onfounding factor age, was performed. No significance was found 

n between the occlusion conditions, within the variables nor be- 

ween genders, therefore, the 2nd, 3rd and 4th hypotheses have to 

e rejected. Within this study, women showed no differences in 

he pressure distribution between the investigated occlusion con- 

itions; this is true for all occlusion conditions for the investigated 

ariables. 

The factor analysis evaluates the relationship between the two 

easurement test conditions; the resulting factors combine the 

orrelated variables. Within this study, the results show that the 

orefoot (left and right) and rear foot (left and right) contributed 

he most to the 1st factor ( Fig. 2 ). The forefoot variables point in

he opposite direction to the rear foot variables, meaning that this 

actor demonstrates the amount of forward leaning. The higher the 

oefficient for this factor, the higher the pressure under the rear 

art of the foot and, therefore, the less is the resulting forward 
51 
ean. The 3rd overall factor describes the differences between the 

eft and the rightfoot ( Fig. 2 ); these were especially evident with 

he loading points in the opposite directions for the left rear foot 

nd the right rear foot. Furthermore, the loading is high for the 

ide variable right foot but low for the anterior posterior variable 

ear foot. This suggests that this factor explains the shift of the 

ody weight from the left to the right side during standing and 

ot so much the shift from the body forwards to backwards. A 

igh loading on this factor means a shift to the right side, while 

 negative loading means a shift to the left side. The 2nd factor 

oad reveals that there is scarcely any difference between the left 

nd the right walking trial (see Fig. 2 ). 

At first sight, this seems to contradict earlier investigations [53 –

5] . However, on closer observation, this reveals that the main dif- 

erence between the presented study and other studies are the 

pecific occlusion conditions. There is some evidence that the TMJ 

as to be placed in the correct position; a pure activation of the 

acial muscle through a cotton roll or through an over-the-counter 

plint [57 –59] is not sufficient. Differences with respect to the oc- 

lusion condition have been shown when the TMJ was placed in 

 neutral condition. It has been speculated that an activation of 

he facial muscle affects the activation of other muscles via the 

otor cortex; this theory is known as the concurrent activation 
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otentiation [60] . Within the current study we have shown that 

he mechanism affecting distal muscles through an activation of 

he TMJ is, at least, more complex. 

In terms of gender-specific reactions due to the dental occlusion 

onditions, our factor loadings show that the female test subjects 

nd male test subjects have a small difference within the factor 

oadings. While the female test subjects’ results follow very closely 

he overall results, the male test subjects have different loadings 

or the 1st and 2nd factor (additional analysis on the data is not 

hown as the data were not significant). In fact, the two factors 

witched with each other, showing that for male test subjects, the 

alking trials explain more of the variance within the data set 

han for female test subjects. This would suggest that there is a 

ifference in the two genders with respect to the pressure data of 

tanding and walking. Male test subjects have higher-pressure val- 

es during walking, while female test subjects shift their weight 

ore over the heel ( Figs. 3 and 4 ), however, none of these re-

ults were significant. The projection of the data onto the over- 

ll 1st factor pointed in the same direction as the gender-specific 

actor loadings. The male test subjects showed a mean projection 

f −0.35(0.9) on the 1st overall factor, while the female test sub- 

ects showed a mean projection of 0.16(1.0). The difference be- 

ween these two groups is significant. Therefore, it may be spec- 

lated that, overall, female test subjects stand slightly more to the 

ack, while male test subjects stand with a slightly more forward 

ean ( Fig. 3 ). Standing more to the back can be achieved with a

on-muscular stance. A possible explanation could be that female 

ubjects prefer the non-muscular stance because they have less 

uscular mass [36] . Since body sway in the upright position is 

ainly controlled by short activations of the soleus and gastrocne- 

ius muscles of the calf, the soleus muscle, especially, acts as an 

ntigravity muscle [40] . Here, structural differences of the soleus 

uscle (e.g., muscle thickness, length of muscle fibers) are decisive 

or body sway (especially in the sagittal direction) [36] . Although 

he soleus muscle is thicker and its muscle fibers are shorter in 

en than in women, these physiological differences do not lead to 

ifferent body fluctuations within the genders. 

Interestingly, even the asymmetric occlusion conditions did not 

ppear in the results. This would mean, again, that the effects of 

n unspecific treatment cancel out each other. This may be because 

ome test subjects would need an asymmetric change on the left 

ide, others an asymmetric treatment on the right side and a third 

roup would benefit from a symmetric treatment. In summary, this 

gain supports the notion that only an individually-adjusted oc- 

lusion situation or a splint condition has an overall effect on the 

ressure distribution and, therefore, on postural control. 

Unfortunately, more female than male subjects were included 

n this study. This may have led to a bias in the results as the

robability is then shifted too much in favor of the alternative hy- 

otheses. The study itself deals with the normal challenge of many 

iomechanical studies, where many measurements have to be per- 

ormed in order to draw the best general picture. This, again, may 

ead to a too conservative interpretation of the results. However, as 

his work also investigates the relationship between standing and 

alking, it does provide a first insight into combining these two 

esults. In future research, the results presented in this article can 

e used choosing a better selection of the variables in advance. 

. Conclusion 

Healthy male and female test subjects did not show any differ- 

nces between the seven occlusion conditions on the pressure dis- 

ribution while standing and walking. Within this study, no differ- 

nce was found overall, nor within the gender subgroups. In addi- 

ion, no differences between genders were found for any of the in- 

estigated variables. In contrast to custom-made occlusion splints, 
52 
imple cotton rolls do not influence the neuromuscular system in 

 systematic manner. 
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