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Objective: The purpose of this study was to find the limited patterns of middle-aged women in selective functional movement 
evaluation and analyze the effects of pattern improvement exercises and general control groups on the Health Risk Appraisal 
(HRA).
Design: Randomized controlled trial.
Methods: The 31 subjects were physically healthy middle-aged women aged 40-59 living in Seoul, The subjects were randomly 
divided into an experimental group and a control group. Forty-three physically healthy women were originally recruited and ran-
domly assigned to either the experimental group (n=22) or the control group (n=21). However, due to lack of participation, a total 
of seventeen subjects in the exercise group and fourteen subjects in the control group participated in the study. All subjects were 
tested using Selective Functional Movement Assessment (SFMA) and HRA for the baseline measurement and joined an exercise 
program of their group for one hour per session, twice a week for four weeks. The experimental group was provided with the cor-
rective exercises and the control group was given the general fitness program. A follow-up test was conducted after eight weeks 
from the baseline measurement.
Results: Both experimental and control group showed significant changes in SFMA and HRA scores (p<0.05). In the ex-
perimental group and control groups, the SFMA and HRA showed significant improvement from baseline to 4 weeks (p<0.05). 
Also, in the experimental group, the SFMA was significantly improved from baseline to 8 weeks (p<0.05). For the experimental 
group, there was a significant improvement in SFMA after 4 weeks compared to the control group (p<0.05).
Conclusions: The corrective exercise in the experimental group had a positive effect on the SFMA score as well as the general 
squat exercise in the control group. The corrective exercise and general control group had the same positive effect on the HRA 
score. 
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Introduction

Performing regular exercises is essential for middle-aged 

women to improve their health. Middle-aged women experi-

ence hormone change physiologically [1] and consequently 

have various symptoms such as facial blushing, headache, 

urinary frequency, urogenital organ disorder, muscu-

loskeletal pain, depression, and forgetfulness [2]. There 

have been many studies on exercise to improve and keep 

middle-aged women’s health. With regard to domestic stud-

ies on exercise intervention, there are studies on aerobic ex-

ercise and complex exercise [3], complex exercise [4], re-
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sistance exercise [5] and circulation exercise [6]. Therefore, 

it has been found that doing exercises is required for mid-

dle-aged women’s health. 

However, all exercises do not bring about the same ef-

fects, as shown in group exercise [7], resistance and aerobic 

exercises [8], and exercises focusing on particular diseases 

[9]. No matter how good the exercises are, doing exercises 

without any consideration of individuals’ body conditions 

excessively increases physical activity load and may in-

creases the risk of damage [10].

Recently, there have been active research in which cus-

tomized exercises are effective [11]. The purpose of custom-

ized exercises is to provide proper exercises in consideration 

of individuals’ health information, diseases, and physical 

strength [12], to change personal behavior and recover phys-

ical ability, physical strength, and health [13].

An assessment tool called Selective Functional Move-

ment Assessment (SFMA) has been developed with the con-

cept that there is functional connection with stability and 

mobility of the body segment in which an exercise program 

can be customized for the individual. With this tool, in-

dividuals are able to find their physically limited patterns. 

Functional corrective exercises are referred to as exercise to 

correct the repeated physical patterns in daily living [14].

We used the Health Risk Appraisal (HRA) questionnaire 

which is Life Transition Period Health Examination devel-

oped by Korea Association of Health Promotion to evaluate 

Korean women in their 40s. In the HRA questionnaire, 

smoking, drinking, exercise, nutrition, and obesity were 

asked to assess health status [15]. Researches were con-

ducted on the effects of various exercises on HRA, and on 

the correlation between exercise amount and HRA. There 

are studies on grasping power [16], on walking speed [17], 

on muscle force [18], and on balance ability [19]. As such, 

many studies focused on HRA through physical ability and 

revealed the effects of physical ability and exercises on 

health. 

We used the HRA questionnaire which is Life Transition 

Period Health Examination developed by Korea Associa-

tion of Health Promotion to evaluate Korean women in their 

40s. In the HRA questionnaire, smoking, drinking, exercise, 

nutrition, and obesity were asked to assess health status [15].

For smoking, Fagerstrom Test for Nicotine Dependence 

Korea version (FTND-K) whose reliability and validity 

were already proved was applied. In each item, participants 

were allowed to select proper items of smoking habits. The 

inter-rater reliability was 0.69, and the test-retest reliability 

was 0.88 [20]. For drinking, Alcohol Use Disorders Identifi-

cation Test (AUDIT-K) whose reliability and validity were 

already proved was applied for participants to make self-di-

agnosis of their drinking habits and dependence. The in-

ter-rater reliability was 0.92, and the test-retest reliability 

was 0.86 [21]. For exercise, the test tool is comprised of 

three questions from the Physical Activity Assessment 

Questionnaire of Lifescripts Guide [22] and 7 questions 

from the Physical Activity Readiness Questionnaire (PAR-Q). 

The inter-rater reliability was 0.92 [23]. For nutrition, mini 

dietary assessment index (MDA) made up of 10 questions 

was used (5 Point in each question for a total score of 50 

scores). In each question, participants are able to select 1, 3, 

or 5 scores depending on their dietary habits [24]. This study 

used 11 questions of the new version of the secondary 

Life-Transition-Period Health Diagnosis. For obesity, the 

tool has three translated questions of Lifescripts Guide and 

the question about waist size and body mass index (BMI) 

[22].

Group exercises face limits to customized exercises. A 

group exercise has been generalized, and has become the 

first exercise that many people experience. There is a lack of 

research on the exercises that cause no side effects on mid-

dle-aged women that are helpful for HRA. If as many pat-

terns movement activities are applied to a group exercise, it 

will be more effective than a simple-pattern exercise. This 

study tries to apply a simple pattern exercise and multi-

ple-pattern exercise to middle-aged women to investigate 

whether SFMA score is improved and how the exercises in-

fluence HRA. 

Methods
Subjects

Forty three middle-aged women subjects (Figure 1) were 

recruited by poster announcement and word of mouth. The 

study subjects were physically healthy middle-aged women 

aged 40-59 living in Seoul, who understood the purpose of 

this study and agree to participate in this experimental re-

search in writing. Prior to participation, subject’s signed an 

informed consent form approved by the Institutional Review 

Board (SYUIRB2015-105). The subjects were randomly 

divided into an experimental group and a control group. The 

subjects in both groups were tested using SFMA and HRA 

questionnaire. All subjects joined an exercise program of 

their group one hour per session, twice a week for four 

weeks. Of the 43 study subjects, the experimental group had 
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Figure 1. Corrective exercise. (A) Flexion pattern 1: Roll the knees to the chest tightly and roll back and forth like a ball. (B) Flexion pattern
2: In the supine position, lift one leg and put the hands on back of the knee for the stretch. (C) Extension pattern 1: In the supine position, 
lift your one leg and put it on the knee of the other leg, and stretch it out. (D) Extension pattern 2: In kneeling position, place both elbows
in front of the knees. Put one arm on the behind your head. Turn your trunk and look up with the arm pointing to the ceiling. (E) Rotation
pattern 1: In the supine position, reach out both arms. Stretching with one leg, roll into prone position. And using same leg back and return
to the supine position. (F) Rotation pattern 2: In kneeling position, place both elbows in front of the knees. Put one arm on the behind your
head. Turn your trunk and look up with the arm pointing to the ceiling. (G) Single leg stance pattern 1: In the supine position, put one arm
and one leg on the other side on the floor. (H) Single leg stance pattern 2: Make the other arm and leg contact and then roll left and right 
slowly. (I) Overhead deep squat pattern 1: In the crawling posture on all fours, tighten your stomach and keep pushing the floor with the 
legs. Go forward in the position. (J) Overhead deep squat pattern 2: In kneeling position, place both elbows in front of the knees. Put one 
arm on the behind your head. Turn your trunk and look up with the arm pointing to the ceiling.
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Figure 1. Continued.

22 women and the control group had 21. Because 12 subjects 

were absent for more than three sessions during the exercise 

program, they were excluded from the study. As a result, the 

experimental group of 16 subjects and the control group of 

14 subjects participated in the post-test. One month later, a 

follow-up test was conducted to measure of their test scores 

have been maintained.

Intervention

In both experimental and control groups, a main exercise 

program was provided. The main exercise programs were 

different between the two groups. The exercise program was 

designed with a warm-up and cool-down session before and 

after the main exercises. The amount of time for warm-up 

and cool-down required about 10 minutes to complete and 

the same protocols were used for both groups. The protocol 

for warm-up and cool-down was designed by the American 

Heart Association.

The experimental group was provided with the corrective 

exercises with the movement pattern that was most dysfunc-

tional to each subject. The control group was given the gen-

eral fitness program mostly used in the average gym.

For the corrective exercises group, two main different 

types of exercise were used 4×4 Matrix Exercise and in-

dividualized exercise. During the first half of the corrective 

exercises, 4×4 Matrix Exercise (http://www.mytpi.com/ex-

ercises#4x4_matrix) was performed. Each of the 12 move-

ments in the 4×4 Matrix was repeated four times.

During the second half of the corrective exercises, two 

functional exercises for the first two most dysfunctional 

movement patterns were given to each subject. Most dys-

functional movement pattern was selected based on the re-

sult of the SFMA test. For each movement pattern two cor-

rective exercises were applied (Figure 1). Each subject was 

instructed to perform two corrective exercises for 4 weeks. 

On the first week, subjects were told to perform 6 repetitions 

per exercise. Each week, 2 repetitions were added for both 

exercises they were performing. On the last week, subjects 

performed 12 repetitions per exercise.

For the control group, the trainers instructed a squat ex-

ercise to the subjects. Squat, dead lift and bench press are 

three main motions used in the general fitness program in the 

average gym. Squat is a very common movement to improve 

essential muscles such as quadriceps femoris muscle, ham-

string, gluteus maximus, and erector spinae muscle, and is 

very effective in correcting a posture through precise move-

ment. In consideration of the study subjects’ age and ex-

ercise level, this study performed a step-by-step squat and 

added different exercise strength depending on individuals’ 

level.

Measurement

SFMA
To assess a person’s functional movement level, each par-

ticipant was tested with SFMA, which consisted of seven 

movement patterns: 1) cervical movement pattern, 2) upper 

extremity pattern, 3) multi-segmental flexion, 4) multi-seg-

mental extension, 5) multi-segmental rotation, 6) single leg 

balance, and 7) overhead deep squat. All movement patterns 

were performed bilaterally when applicable. Applying the 

series of tests in seven movement patterns to a patient pro-

vides information to determine if a movements pattern is 

functional or dysfunctional [25]. Recent studies have shown 

that good diagnostic reliability can be achieved when ap-

plied SFMA to patients without musculoskeletal disease. 

Regarding the internal reliability of SFMA, Kappa Coeffi-

cient of three evaluators who had almost perfect consistent 

points of 0.72-0.83, and a consistency rate of 83%-88% [26]. 

The total score of SFMA top tier test (SFMA score) is used 

to determine the difference of functional level before and af-
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Table 2. SFMA and HRA scores (N=31)

Outcomes
Experimental group (n=17) Control group (n=14)

Baseline 4 wk 8 wk F Baseline 4 wk 8 wk F

SFMA (score) 27.65 (5.862) 36.00 (5.489)a  36.53 (6.866)a 29.393* 30.71 (5.525) 35.50 (5.317)a 36.92 (5.024) 5.617*

HRA (score) 20.35 (5.049) 23.18 (5.446)a 21.00 (3.708) 5.733* 17.43 (5.667) 22.54 (4.789)a 19.23 (6.274) 28.966*

Values are presented as mean (SD).
SFMA: Selective Functional Movement Assessment, HRA: Health Risk Appraisal. 
aSignificant difference compared with baseline.
*p<0.05.

Table 1. General characteristics (N=31)

Characteristic
Experimental 
group (n=17)

Control group 
(n=14)

Height (cm) 159.5 (0.044) 160.7 (0.057)
Weight (kg) 58.76 (5.89) 57.04 (9.67)
Body mass index (kg/m2) 23.04 (1.87) 21.96 (2.17)

Values are presented as mean (SD).

ter the intervention. The results each of the five movement 

patterns in the SFMA test were used to determine the most 

dysfunctional movement pattern. The first two most dys-

functional patterns were determined and two corrective ex-

ercises for each pattern were used for the main exercise. The 

cervical movement pattern and upper extremity pattern was 

excluded from the exercise consideration because it does not 

include spinal or trunk movement.

HRA 
HRA is Life Transition Period Health Examination devel-

oped by Korea Association of Health Promotion to evaluate 

Koreans in their 40s. Smoking, drinking, exercise, nutrition, 

and obesity were asked to assess health status. In the HRA 

questionnaire each assessment tool can determine depend-

ency or health status based on the scores. All scores were 

combined and analyzed for each subjects. 

Statistics
For statistical analysis, this study used IBM SPSS 

Statistics ver. 19.0 (IBM Co., Armonk, NY, USA). After 

normality test, the result met the assumption of normal dis-

tribution, and thereby homogeneity was secured through 

t-test prior to intervention. To draw a comparison on the ef-

fects of interventions between the experimental group and 

the control group, repeated measured ANOVA and t-test 

were conducted. To compare the effects of intervention time 

difference between the experimental group and the control 

group, Bonferroni post analysis was conducted. For the 

analysis on statistical significance, a significance level was 

set to p<0.05.

Results
General characteristics

Regard to the general characteristics, the experimental 

group and the control group were homogenous. The average 

height for the experimental group was measured at 159.5 cm 

and 160.7 cm for the control group. The average weight for 

the experimental group was measured 58.76 kg, and the con-

trol group 57.04 kg. The average BMI measured to be 23.04 

kg/m2 for the experimental group and 21.96 kg/m2 for the 

control group (Table 1). 

The changes in SFMA and HRA scores 

Both experimental and control group showed significant 

changes in SFMA and HRA scores. There was a significant 

change in the SFMA score for the corrective exercise base-

line to 4 weeks and baseline to 8 weeks. One-way repeated 

ANOVA showed the experimental group had F=29.393 and 

p<0.001 (Table 2). There was significant change in HRA 

score for corrective exercise group from 4 weeks to 8 weeks 

after baseline assessment. One-way repeated ANOVA 

showed the experimental group had F=5.733 and p=0.007 

(Table 2).

Individuals who participated in the general control group 

also increased their scores on the SFMA from baseline to 4 

weeks and 8 weeks baseline to repeated measures ANOVA 

for the control group was F=5.617 and p<0.001 (Table 2). 

This same pattern of findings was found on the HRA for the 

control group of F=28.966 and p<0.001 (Table 2).

To find the difference in the time-based effects between 

the experimental group and the control group on the basis of 
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Table 3. Comparison of SFMA and HRA between the two groups (N=31)

Outcomes

Baseline-4 wk Baseline-8 wk

Experimental group 
(n=17)

Control group 
(n=14)

t
Experimental group 

(n=17)
Control group 

(n=14)
t

SFMA (score) 8.35 (4.372) 4.79 (3.786) 2.399* 8.88 (5.776) 3.57 (9.874) 1.867
HRA (score) 2.82 (3.238) 5.21 (4.117) −1.800 0.65 (3.534) 0.43 (9.517) 0.88

Values are presented as mean (SD).
SFMA: Selective Functional Movement Assessment, HRA: Health Risk Appraisal.
*Change in SFMA score from baseline to 4 weeks between the experimental group and control group (p<0.05).

SFMA scores, Post-hoc was used. There were significant 

changes in SFMA scores from baseline to 4 weeks 

(p<0.05) and baseline to 8 weeks (p<0.05). There were no 

significant changes in HRA score for this experimental 

group. 

Individuals who participated in the control group in-

creased their scores on the SFMA from baseline to 4 weeks 

(p<0.05), but there were no significant changes from base-

line to 8weeks. There was significant change in the HRA 

control group scores was from baseline to 4 weeks (p<0.05). 

But no significant changes were found in the HRA control 

group score from baseline to 8 weeks. 

Comparison of SFMA and HRA scores between the two 
groups 

To find the difference in SFMA and HRA scores between 

the experimental group and the control group an in-

dependent t-test was conducted. The difference in SFMA 

scores from baseline to 4 weeks between the two groups 

were statistically and significantly different (p=0.023, t= 

2.399; Table 3). However, the differences in SFMA scores 

from baseline to 8 weeks between the two groups were not 

significant.

The difference in HRA score between the two groups 

from baseline to 4 weeks did not show a significant differ-

ence. Also, the HRA scores between the two groups and 

from baseline to 8 weeks were not significant.

Discussion

This experiment was conducted to investigate how the 

corrective exercise and general control groups influence 

SFMA and HRA score. The SFMA score represents overall 

functional movement status and HRA represents current 

lifestyle of an individual.

Both experimental and control group showed significant 

changes in SFMA scores. The corrective exercise in the ex-

perimental group has positive effect on the SFMA score as 

well as general squat exercise in the control group. The 

warm-up and cool-down portion of both exercise programs 

were the same. The squat movement pattern was a major pat-

tern used in the control group. But this pattern is one of the 

five movement pattern which was used to determine the type 

of exercise if the squat pattern was most dysfunctional. 

There are many similarities in both exercise programs.

The corrective exercise and general control group has 

same positive effects on the HRA score. In the HRA ques-

tionnaire, smoking, drinking, exercise, nutrition, and obe-

sity were asked to assess health status. We can speculate that 

the exercise variable included in the questionnaire may have 

somewhat been affected by the exercise program.

The HRA includes many lifestyle behaviors. Previous 

studies revealed that the correction of habituated behavior 

directly influenced the function of the brain. It was reported 

that the 14-day short-term intervention including diet, relax-

ation exercise, cardiovascular conditioning, and mental ex-

ercise positively influenced brain metabolism and cognition 

function [27]. In 2011, the American Psychological Asso-

ciation reported that living habits including exercise are a 

critical factor to brain health [28]. There are so many studies 

showing that living habits or exercises greatly influence the 

brain. Although it is difficult to specify directly Brain 

Plasticity on the basis of them, it is considered that they can 

definitely influence the hypotheses of this study. There are 

still not many scientific theories and studies. Nevertheless, 

this study lays the foundation for basic research on the ef-

fects of exercises for HRA. In the future, it will be necessary 

to take into account long-term intervention, specified de-

pendent variables, and the equipment measuring brain 

changes. 

Secondly, HRA being influenced by exercise can be ana-

lyzed not only from the physiological aspect (its influence 
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on the brain) but from the psychosocial aspect. A previous 

study showed that doing exercises increased health recogni-

tion. Given that, it is possible to look into the relations of ex-

ercises with people’s health conditions, self-satisfaction, so-

cial participation, quality of life, and psychological sat-

isfaction [29].

Thirdly, in regard to the effects of the correction of limited 

patterns on health, it is possible to increase a degree of free-

dom in daily living and change behavior more freely from 

various diseases and action by improving basic functional 

movements.

In the corrective exercise group, there were significant 

changes in SFMA scores from baseline to 4 weeks and base-

line to 8 weeks. However, this result is the major difference 

in the statistic between the corrective exercise and the con-

trol group. In the corrective exercise group, positive effects 

of exercise after 4 weeks were maintained after 8 week. 

However, in the control group, the scores from baseline to 8 

weeks were not statistically significant and there is no evi-

dence to show the SFMA score was maintained.

This study tried to find how a corrective exercise program 

for improving SFMA score and HRA score. This study sug-

gests that the corrective exercise program for improving 

functional movement pattern and lifestyle behavior was as 

much effective as general control groups. Following con-

clusions summarize our findings: 1. The corrective exercise 

in the experimental group has positive effect on the SFMA 

score as well as general squat exercise in the control group. 

2. The corrective exercise and general control group has 

same positive effects on the HRA score. 3. In the corrective 

exercise group, there was significant difference in SFMA 

scores from baseline to 4 weeks. 4. In the corrective exercise 

group, positive effects of exercise after 4 weeks were main-

tained after 8 week. This study has a limitation in generaliz-

ing the study results because of the small number of study 

subjects. Corrective exercise intervention with SFMA natu-

rally increased SFMA score. In addition, the intervention 

was not been carried out completely due to a short ex-

perimental period. Further research is needed to increase the 

generalizability of these findings.
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