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. ABSTRACT

Purpose: Sensorimotor impairment in the elderly leads to increased postural sway and plantar

Article info: pressure distribution asymmetric. The plantar pressure distribution asymmetrical can cause
Received: 11 May 2022 . secondary problems, such as forefoot pain, neuropathic plantar ulcers, and metatarsal stress
Accepted: 28 Aug 2022 . fractures. Therefore, this study aims to examine the effect of sensorimotor training on the plantar
Available Online: 01 Oct 2022 pressure distribution symmetry in healthy elderly women.

Methods: Forty healthy elderly women participated in this study and were randomly assigned
to two experimental and control groups (20 people in each group). Pressure distribution was
evaluated during standing with double-legs and eyes closed. The experimental group performed
sensorimotor training for eight weeks, and the control group did not receive any intervention
during this period. The statistical method of analysis of covariance (ANCOVA) was used to
compare the results between the two groups.

Results: Analysis of covariance (ANCOVA) test showed that after eight weeks of sensorimotor
training, the plantar pressure distribution in the forward and backward of the right (P=0.000)
and left (P=0.000) foot was balanced with a high effect size. In addition, the plantar pressure
distribution symmetry of the inter-limb was balanced after eight weeks of sensorimotor training

Keywords: © with a high effect size (P=0.015).

Elderly, Sensorimotor, :  Conclusion: Sensorimotor training by adjusting balance strategies and increasing the impulse
Symmetry, Plantar ¢ sent from mechanical receptors cause sensorimotor integration and facilitates muscle activity. As
pressure :  aresult, posture sway is reduced and plantar pressure distribution symmetrical.
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Highlights
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* Sensorimotor training corrects abnormal balance strategies in the elderly

» Sensorimotor training increases the impulses sent from plantar mechanical receptors

* Sensorimotor training balanced the plantar pressure distribution by improving balance strategies and sensorimotor

coordination.

Plain Language Summary

In the elderly, sensorimotor coordination and impulses sent from the plantar mechanical receptors are reduced, lead-
ing to an increase in postural sway. As a result, this mechanism leads to plantar pressure distribution asymmetry.
Sensorimotor training appears to increase neuromuscular coordination and reduce postural sway, and subsequently the

plantar pressure distribution symmetrical.

1. Introduction

ver the past 50 years, the population of

people aged 60 and higher had increased

by 2 % [1]. Researchers estimated that

this amount will reach 22% by 2050

[1]. For example, according to Brazilian

national epidemiological data in 2010,
about 20.5 million elderly people live in this country
[2]. It is predicted that this number will reach 64 mil-
lion people in 2025. At this point, Brazil will be the sixth
country with the highest number of elderly people in the
world [2]. The biological processes of the elderly are as-
sociated with changes in the sensorimotor system [3].
Sensorimotor impairment related to the elderly can lead
to increased postural sway, fall risk, hospitalizations,
and mortality [4]. In addition, the elderly leads to physi-
cal changes, such as foot posture, reduced foot muscle
strength and joint flexibility, and reduced plantar sensa-
tion [5]. As a result, due to the rapid increase in the el-
derly population and the high medical costs, preventive
care for the elderly has received more attention [6].

The touch sense decreases during the elderly process
[7]. Decreased plantar touch sense can change the plan-
tar loading patterns [8]. Plantar mechanical receptors are
vital in maintaining and restoring balance during stand-
ing. The main sensorimotor factor that helps balance in
normal conditions is the lower limb sense [9]. Due to
sensorimotor impairment associated with the elderly,
the feedback of touch mechanical receptors of the plan-
tar decreases and leads to increased postural sway [5].
In this regard, the studies conducted on center of pres-
sure oscillation reported the imbalance of the elderly

in the anterior-posterior and medial-lateral directions.
Increased postural sway leads to asymmetric loading of
the lower limbs. Plantar pressure technology determines
the amount and location of ground reaction forces in dif-
ferent parts of the plantar and is used to infer the strategy
of the foot movement chain during motion [10]. This
technique is a crucial approach because changes in plan-
tar pressure are related to changes in applied forces on
proximal joints, such as the knee.

According to the study's results, elderly people show sig-
nificant changes in plantar pressure distribution compared
to young people [5]. For example, Machado et al. (2016)
reported that the elderly compared to the young restore
balance, transfer pressure to the forward of the foot, and
an asymmetric pressure is observed in different parts of
the plantar [11]. In this regard, Hilton (2006) reported that
plantar pressure distribution asymmetric can lead to patho-
logical foot conditions, including forefoot pain, neuropathic
plantar ulcers, and metatarsal stress fractures [12]. These
pathological conditions are associated with a decrease in
physical activity, an increase in posture sway, and the risk
of falling [13]. The symmetry of human movement is of-
ten considered as the matching of the action of lower limbs
[14]. Evaluation of the plantar pressure distribution symme-
try provides useful information to prevent body imbalance
and is used to evaluate the progress of the rehabilitation
program [14, 15]. Despite the above, limited information
exists about plantar pressure distribution symmetry in the
elderly population [11]; and the effect of rehabilitation pro-
tocols on the plantar pressure distribution symmetry has
not been well analyzed. The foot and ankle joints include
several joints mechanisms and are one of the key aspects
of human movement [16]. Therefore, attention to plantar
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sensation and pressure in elderly people provides crucial
clinical information [11]. As a result, knowing the effects
of the elderly on foot and ankle biomechanics is vital for
health professionals and researchers [16].

Sensorimotor training is a special form of proprio-
ception and balance training [17]. These trainings are
designed for pain management in patients with chronic
musculoskeletal pain syndrome, correction of muscle
imbalance, and correct movement program at the level
of the central nervous system. These trainings through
adaptation of the neuromuscular system lead to the
improvement of proprioception, muscle coordination,
balance, and reduction of postural sway [18]. In other
words, sensorimotor training is defined with the priori-
ty of improving the function of the central nervous sys-
tem through sensory awareness, coordination, quality
of motor control, and motor reprogramming [17]. Pre-
vious research has provided evidence that increasing
skin information can reduce postural sway and improve
postural stability [4]. For example, Azarpaykan (2018)
reported in a study that sensorimotor training improves
postural stability in healthy elderly [19]. However, the
effect of this approach on the plantar pressure distribu-
tion symmetry has not been investigated. Therefore, the
present study aims to examine the effect of sensorimo-
tor training on the plantar pressure distribution symme-
try in healthy elderly.

October 2022. Volume 12. Number 4

2. Materials and Methods
Ethical considerations

Before login into the laboratory, all participants were
informed about the purpose and tests of the research
and declared their informed consent by the Declara-
tion of Helsinki. This research had been approved by
the Research Ethics Committee of Bu-Ali Sina (Code:
IR.BASU.REC.1401.027). Figure 1 shows the subject’s
selection process. IR.BASU.REC.1401.027 Universit

Sample size

The G*power software was used to determine the sam-
ple size. After entering the software environment, F test
option (ANCOVA: Fixed effects, main effect, and inter-
actions) was selected from the test family section. The
numerical values applied in the software environment
included 0=0.05, power=95, and effect size=80. The
output of the software reported a total of 32 people (16
people in each group). However, to increase the statisti-
cal power and the probability of a 30% dropout, a total
of 40 people (20 people in each group) were considered.

Subjects selected to check the eligibility
criteria = 150 people

Initial
assessment

1) Excluded criteria = 76

2) Lack of consent to participate
in the study = 12

3) Other reasons = 22

[Eligible people =40 peopleJ

v

l

Control training group = .
20 people Allocation
Final analysis = 17 people
Analyze
3 people were eliminated y

Figure 1. The process of subjects selecting

l

Sensorimotor training group =
20 people

l

Final analysis = 17 people

3 people were eliminated
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Study participants

The statistical population of the current study was
healthy elderly women (age (year): 68.05+4.81, height
(cm): 156.0545.02, weight (kg): 72.5249.18, body mass
index (BMI): 30.73+£3.11) who were selected from
Hamedan province. The inclusion criteria included the
right dominant leg, the normal posture of the upper and
lower limbs, non-participation in sports activities, no his-
tory of surgery, no musculoskeletal pain in the past year,
normal vision, and no specific diseases. The exclusion
criteria included upper and lower limb deformity, par-
ticipation in sports activities regularly or recreationally,
poor eyesight, history of surgery or fracture, musculo-
skeletal pain, and left dominant leg. Finally, the subjects
were randomly assigned to two groups of experimental
and control using the random allocation software and al-
location concealment using the Sequentially Numbered,
Opaque, Sealed Envelope (SNOSE) method.

Study tool

The FDM-S plantar pressures device manufactured
by Zebris company of Germany was used to record the
plantar pressure distribution (intraclass correlation co-
efficient [ICC]=0.91). This device has a platform with
dimensions of 54x34 cm and 2560 active sensors with
high sensitivity (1 sensor per square centimeter) and a
sampling rate of 50 Hz and an error level of 5%, which
records the pressure in the range of 1 to 120 N. Data
analysis related to pressure distribution variables was
calculated by Win FDM-S software, version 01.02.09 in
the static condition and model of double-legs (Figure 2).
This software reported the data related to the peak plan-
tar pressure in the forward, and backward foot and the
total pressure of each foot.

PHYSICAL TREATMENTS

Study assessment

With the guidance of the evaluator, the subjects stand with
bare feet upon part marked on the platform with eyes closed.
The ankle and foot were in a neutral position and both arms
resting by the trunk sides. Before starting the evaluation, to
prevent disturbances in the vestibular system and head move-
ments, the subjects were taught to look at a marker with a
diameter of 10 cm, which was located on the wall at a dis-
tance of 2 m from the subject, and to maintain this position
from the time closing the eyes until the end of the evaluation.
The evaluation was executed 3 times with a time of 30 s, and
the rest time between each test was set at 2 minutes (Fig-
ure 3) [17]. The average of 3 tests was recorded for the final
analysis. Equation 1 was used to calculate the plantar pres-
sure Symmetry Index (SI) of the forward-backward of foot
and Equation 2 was used for SI between the right and left of
the foot [17]. Also, the normal pressure distribution in each
foot is determined to be 50% [17]. All assessment procedures
were performed by an expert in the rehabilitation laboratory
of Bu-Ali Sina University (Equation 1 and 2).

Forward Force

1. si=
Forward Force + Backward Force

Right Force
2. sI=

Right Force + Left Force

Sensorimotor training

Sensorimotor training in the present study was performed
based on previous studies [17, 20, 21] (nerve function, and
muscle activation in Diabetic Peripheral Neuropathy (DPN).
The training was performed for eight weeks, three sessions a
week, and each session lasted for one hour. The training was
performed in three stages, static, dynamic, and functional.
The first static stage is that the practice of controlling the

Zebris Stance Test Report .]ZEh”S
""""""""""""""""""""""""" Average Force Distibufion T
» 0 .
0 2 4 6 2 14 16 18 20 Miem'2
. Soaaa s —— ]

Figure 2. Win FDM-S stance software output
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Figure 3. Assessment of static pressure distribution

center of gravity on the support surface during maintaining
postures is related to static or balance activities. This stage
develops tonic function or simultaneous activation and stabil-
ity of the axial skeleton, which includes correction of body
position, sensory stimulation, and progressive challenges for
the support surface and center of gravity. The dynamic stage
through limb movements focuses on the body core. In this
stage, the preliminary and reactive muscle contractions can
be achieved, as well as the order and sequence of muscle acti-
vation, which is mainly achieved through training on unstable
surfaces. The purpose of the functional stage is to automate
synergies more complex involving multiple joints, muscles,
and movement surfaces that require movement in space (Fig-
ure 4) [17, 22]. Table 1 presents sensorimotor training.

Statistical analysis

All statistical analyzes were performed using SPSS
software, version 26. The Shapiro-Wilk test was used to

Figure 4. Sensorimotor training
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check the normal distribution of the data. Also, Levine’s
test was used to check the homogeneity of the variance.
Then, the ANCOVA test was used with the pre-test as a
covariate to compare the results between the two groups.
The Cohen’s index was used to check the effect size,
(0.01 to 0.059 small effect size, 0.06 to 0.14 medium ef-
fect size, and more than 0.14 large effect size) [23].

3. Results

In Table 2, the results of the Shapiro-Wilk test showed
that the data distribution is normal (P>0.05). Also, the
result of Levin’s test showed that the variances are ho-
mogeneous (P>0.05). As a result, ANCOVA parametric
test was used to compare the results between the two
groups. Three people from the experimental group were
excluded from the research process due to their absence
from the training sessions. Also, 3 people from the con-
trol group were excluded from the research process due

PHYSICAL TREATMENTS

Yalfani A, et al. The Sensorimotor Training on the Plantar Pressure Distribution Symmetry in Healthy Elderly. PTJ. 2022; 12(4): 249-260




PHYSICAL TREAT MENTS

Table 1. Stages of sensorimotor training

Phases Training

Standing with the double leg on a hard surface and then on a soft surface (1 with open eyes and then closed eyes)

Stati Standing with a leg on a hard surface and then on a soft surface (1% with open eyes and then closed eyes)
atic

(1to2w) . .
Half a step with open eyes and then with closed eyes

Tandem standing on a hard surface and then on a soft surface (1% with open eyes and then closed eyes)
Standing with a leg on a hard surface and then on a soft surface (1% open eyes and then closed eyes)
Half step on stable and unstable levels (1% open eyes and then closed eyes)

Tandem standing on a hard surface and then on a soft surface (1% with open eyes and then closed eyes)

. Forward lunge on a hard surface and then soft surface
Dynamic

3to5w,
( ) T-band exercise

Wall slide exercise with balls
1 squat on a hard surface and a soft surface (along with a ball cushion)
Raising the toe and heel 1% on the hard surface and then on the soft surface
Walking on a hard surface and then a soft surface
Tandem walking on a hard surface and then a soft surface
Walking upon toes 1% on a hard surface and then on a soft surface
Walking upon heels 1% on a hard surface and then on a soft surface
Toe-in walking 1% on a hard surface and then on a soft surface
(zu::;i?) Toe-out walking 1% on a hard surface and then on a soft surface
Backward walking on a hard surface and then on a soft surface (1* with open eyes and then closed eyes)
March walking with height 1 on a hard surface and then on a soft surface (1** with open eyes and then closed eyes)

March walks with height backward on a hard surface and then a soft surface

Squat training (1% on a hard surface and then on a soft surface)

Multidirectional rotational movement on the balance board (1 with open eyes and then closed eyes)

PHYSICAL TREATMENTS

Table 2. Demographic characteristics

Mean+SD
Variables
Experimental (n=17) Control (n=17)
Age (y) 66.47+4.69 69.64+4.52
Height (cm) 156.64+5.06 155.47+5.08
Weight (kg) 75.88+6.77 69.1746.21
BMI (kg/m?) 31.70£2.91 29.76+3.09
BMI: Body mass index. PHYSICAL TREAT MENTS
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to not being present in the laboratory. Finally, the statisti-
cal data of 34 subjects (17 people in each group) were
used for statistical analysis (Figure 1).

Plantar pressure distribution symmetry

The results of the analysis of covariance (ANCOVA)
show that after controlling the pre-test effect (1’=0.471,
P=0.000, F, ; =27.549) the main effect of the group
(m*=0.466, P=0.000, F i 5,70.181) with a high effect size
had a significant effect on the plantar pressure distribu-
tion symmetry of the forward and backward in the right
foot (Tables 3 and 4).

In addition, the results of the analysis of covariance
(ANCOVA) show that after controlling the effect of the
pre-test (n’=0.397, P=0.000, F, ; =20.398), the main
effect of the group (n=0.589, P=0.000, F, 31):44.430)
with a high effect size had a significant effect on the
plantar pressure distribution symmetry of the forward
and backward in the left foot (Tables 3 and 4).

October 2022. Volume 12. Number 4

Also, after controlling the pre-test effect (>=0.541,
P=0.000, F ,=36.562), the main effect of group
(m*=0.177, P=0.015, F, 3,=6.645) with high effect size
had a significant effect on the plantar pressure distribu-
tion symmetry of the right and left foot (Tables 3 and 4).

4. Discussion

This study was conducted to examine the effect of
sensorimotor training on the plantar pressure distribu-
tion symmetry in healthy elderly. The results showed
that sensorimotor training develops a loading pattern
symmetrical in the forward-backward of the foot and
between the right-left feet. In the following part, the
mechanism of training on the plantar pressure distribu-
tion symmetry is described.

The results of Equation 1 analysis showed that the plantar
pressure distribution of the elderly had increased in the for-
ward of the foot, which is consistent with the results of the
study by Machado et al. (2016) [11]. Two strategies of hip
and ankle are used to control posture. However, the elderly
rely more on the hip strategy compared to young people

Table 3. Results of analysis of covariance (Ancova) test for plantar symmetry index

Variables Men Squares F Sum of Squares Eta P
Sl of F & B (Right) 0.181 27.052 0.181 0.466 0.000*
Sl of F & B (Left) 0.267 44.430 0.267 0.589 0.000*
Sl of Left & Right 0.011 6.645 0.011 0.1PHYSICAL TRE&ATMENTS

*Significant difference (P<0.05).

Abbreviations: SI: Symmetry index ; F: Forward; B: backward.

Table 4. Descriptive statistics of symmetry index and plantar pressure distribution

Mean+SD 95% Cl
Variables Group Variables Group Sl
Pre-test Post-test Lower Upper
Experimental ~ 65.67+13.33 51.03+8.09
Forward Experimental 0.50+0.08 0.46 0.54
Control 70.27£#13.46  68.51+13.29
Right foot Right foot
Experimental  34.32+13.33 48.96%8.09
Backward Control 0.68+0.13 0.61 0.75
Control 29.72+13.46 31.47+13.30
Experimental  65.74+13.32 50.39+6.69
Forward Experimental 0.49+0.06 0.46 0.53
Control 70.95£12.39  71.10+12.15
Left foot Left foot
Experimental  34.24+13.34 49.6046.69
Backward Control 0.70+0.12 0.64 0.76
Control 29.05+11.81 28.88+12.15
Experimental 57.99+3.78 53.18+2.02
Right Experimental 0.52+0.01 0.51 0.53
Control 50.38+3.75 50.20+8.03
Inter-limb Inter-limb
Experimental ~ 42.00+3.78 46.81+2.02
Left Control 0.49+0.07 0.45 0.53
Control 49.61%3.78 49.79+8.03

PHYSICAL TREATMENTS
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due to biomechanical and sensorimotor impairment in the
ankle [24]. The pressure distribution asymmetrical in the
elderly may be explained by the effects of the elderly on the
mechanical properties of the ankle and foot [25]. The plan-
tar flexors muscles act to prevent from moving the center of
mass to a forward direction [9]. During standing, the plan-
tar muscles, especially the soleus muscle, are activated at
low levels to control the ankle torque and limit the anterior-
posterior oscillations of the center of pressure and the center
of mass around the support surface center [26] 5 women, 6
men. In this regard, Don et al. (2006) reported a 25-ms re-
sponse delay of the soleus muscle in elderly subjects, which
could be due to a decrease in type II fast-twitch fibers due to
elderly [27]. In addition, the impairment of peripheral sen-
sation and afferents and efferents leads to a prolonged delay
in muscle response [27]. Delayed muscle responses in the
elderly may be due to impaired central processing associat-
ed with cortical and subcortical integration to coordinate vi-
sual, vestibular, and sensory inputs [27]. Therefore, impair-
ment in the plantar flexor can lead to postural instability and
increase the fall risk in the anterior-posterior direction and
cause pathological conditions, such as wrist fracture [28].
As a result, since the anterior-posterior oscillations are con-
trolled and corrected by the ankle strategy, the impairment
of this strategy increases the anterior-posterior oscillations;
as a result, loads are applied to the forward of the foot [18,
28]. In addition, higher pressure values in healthy elderly
may be due to changes in elastic tissue properties during the
elderly process that may affect the stiffness of the fat pad
and lead to asymmetric pressure [29]. Therefore, increased
loading in the middle and forward of the foot may be due to
decreased plantar sensation in the backward of the foot [5].

Yalfani et al. reported that sensorimotor training plays
several roles in motor responses by facilitating afferents
sent from sensory receptors, including reflex responses,
voluntary programmed responses, coordination and inte-
gration of feedforward and feedback mechanisms [17].
A consensus in scientific evidence shows that plantar
sensory change affects plantar pressure distribution [5].
Stimulation of plantar receptors can improve the senso-
rimotor system [19]. In sensorimotor training, the stimu-
lation of joint afferent impulses is increased and balance
strategies provide more accurate information about the
postural sway velocity [17, 30]. Therefore, the strength-
ening of these receptors transmits a more accurate feed-
back of the acceleration and posture sway velocity to the
brain and leads to the recovery of postural stability [31].
On the other hand, the stretching reflex improves with
the increase of sensory impulses. This reflex is the first
mechanism to activate the muscles around a joint follow-
ing the applied external torque [17]. Often, ankle rotation
is the most important stretching reflex and the key reac-

PHYSICAL TREATMENTS

tion in the leg muscles, caused by postural instability. It
seems that stimulating the plantar mechanical receptors
which have reflex connections with the muscles around
the ankle, causes reflex contraction in the leg muscles and
leads to posture stability [17, 23]. Therefore, providing
more sensory feedback on motor efferent improves the
reactive ability of muscle activation and responds to ex-
ternal forces faster, leading to joint dynamic stability [18].

The results of Equation 2 analysis showed that the plan-
tar pressure distribution in the elderly is one-sided and is
more in the dominant leg. The one-sided pressure distri-
bution is due to posture instability; because static posture
control requires the integration of the sensorimotor sys-
tem. In this regard, Jason et al. reported hip propriocep-
tion impairment in elderly people. The hip propriocep-
tion impairment may negatively affect postural stability
and lead to increased fall risk in the elderly [28]. The hip
strategies are primarily responsible for controlling medi-
al-lateral oscillations. The medial-lateral stability during
balance reactions predicts the fall risk in the future, and
most hip fractures are associated with falls in medial-lat-
eral directions [28]. Due to the biomechanical advantage
of the hip abductor muscles, which is the largest hip ab-
ductor muscle and had 60% of the cross-sectional area,
it has contributed more to maintaining medial-lateral sta-
bility [32]. A delay in activation or decrease in strength
in this muscle increases the movements of the hip and
pelvis in the frontal plane and makes the plantar pressure
distribution asymmetric in the inter-limb [17, 33]. In this
regard, Breuer et al. reported delayed activation of the
gluteus medius muscle in the elderly [34]. In addition to
the above, Nolan et al. reported in a study that most el-
derly people use the dominant legs during standing [35].
This mechanism causes the loading pattern asymmetric
of the inter-limb in the movement chain. In other words,
this behavior leads to the loading/unloading mechanism.
It seems that this mechanism causes an increase in the
loading rate on the dominant leg and over time leads
to joint cartilage destruction and osteoarthritis [17, 23,
36-38]. In this regard, previous studies reported a rela-
tionship between increased plantar pressure, stance time,
and cautious movement pattern with the occurrence of
osteoarthritis [29, 39].

It seems that the correction of the pressure distribution
asymmetry of the inter-limb can be due to facilitating
the activity of the hip abductor muscle. Rehabilitation
interventions focusing on the sensorimotor approach,
including training in different positions and functional
movements, are crucial [17]. Progressing from the static
phase to the dynamic and functional phase improves
muscle contraction reaction, order and synergistic con-
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traction [17, 22]. Sensorimotor training focuses on the
sequence, and order of proper muscle activation. This
training approach enables the sensorimotor system to de-
velop unconscious movement programs to stabilize the
movement chain during functional activities [17, 18, 22].
As a result, to improve proper recruitment and muscle
activation, training aimed at complex movements, in-
cluding synergies involving several joints, muscles, and
planes of motion was used [22]. Therefore, increasing
the sensory input about joint position and length chang-
ing and tension muscles in the central nervous system
improves the ability of the nervous system to create a
pattern of rapid recruitment and optimal use of muscles,
increase the number of active motor units and increase
muscle coordination. Consequently, reflex stabilization
responses of the joint can be improved by activities that
focus on sudden changes in joint position and stimulate
the reflex neuromuscular control [17, 18, 22].

5. Conclusion

The results of the present study showed that sensorimo-
tor training improves balance strategies and sensorimotor
coordination by improving neuromuscular coordination,
and subsequently decreasing postural sway. As a result, by
reducing the postural sway and improving the transmission
of afferent information from mechanical receptors, and ad-
justing the balance strategies, the pressure distribution in
different areas of the plantar is balanced.

Limitations

Limitations exist in this study, including the low sam-
ple size and lack of high participation due to the CO-
VID-19 pandemic, the lack of evaluation of the plantar
pressure distribution symmetry during challenging daily
activities, the lack of evaluation of other kinematic and
kinetic variables during dynamic activities, and the sam-
ple size of the present study is only the elderly female
population. As a result, it is recommended that research-
ers evaluate the plantar pressure distribution symmetry
during daily challenging activities in future studies with
a large sample size in the population of men and women.
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