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Abstract 

Background: The study examined the effects of a 4-week intensive isometric and isotonic 

stabilization exercise program on dimensions of health-related quality of life (HRQL) in 

women with chronic low back pain (CLBP). Methods: A total of 39 women (27-72 years 

old) provided data in an experimental study with a 9-month follow-up. Random allocation 

was undertaken for the two treatment groups out of the three groups: isometric stabilization 

(n = 13), isotonic stabilization (n = 13), and a control group (n = 13) that did not participate in 

any form of exercise. Health-related quality of life measures using the Short-Form 36 Health 

Survey (SF-36v2) were assessed prior to program initiation, immediately after program 

termination, and four times post-intervention for a period of nine months. Results: The 

isometric stabilization group displayed large improvements in bodily pain and vitality for 

women with CLBP attending a 4-week intensive isometric stabilization exercise program. 

The effects were retained for a period of nine months after program termination. 

Conclusions: Isometric stabilization exercises reduce pain and enhance vitality as dimensions 

of HRQL among women with chronic low back pain with such effects lasting for at least nine 

months. 

K eywords: isometric, isotonic, physical activity 
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Introduction 

While musculoskeletal diseases are the fifth most expensive disease category in terms 

of hospital care and the most expensive in relation to work absenteeism and disablement, one 

half of such costs are due to back pain26. Low back pain may lead to physical and 

psychological problems, disability, and deterioration of the quality of life. As one of the 

important goals of healthcare is promoting a prolonged life, maintaining a health-related 

quality of life (HRQL) has gained increasing recognition as an important concept and index 

of chronic care25. 

A number of interventions used to treat low back pain include the use of physical 

exercise aiming to activate abdominal and/or back extensor muscles with the goal of reducing 

pain and disability 8, 24, 19. Stabilization exercises have been used in this respect 1, 19, 21, 15, 24. A 

few randomized clinical trials have examined the effectiveness of stabilization exercises 

concluding that stabilization exercises can reduce pain and disability in patients with chronic 

low back pain (CLBP) 18, 27, 28, 6. However, their effect was not as large when compared with 

active treatment control groups indicating that more studies are required to determine their 

effectiveness. Further, some evidence has emerged against the effectiveness of stabilization 

exercises 13, 3 while other studies have reported the opposite 9, 22. This inconclusive evidence 

led May and Johnson 18 

exercises in some patients with chronic low back pain, but these are no more effective than 

 (p.1). Consequently, the effectiveness of stabilization exercises for 

treating low back pain remains unclear. 

Two common forms of trunk stabilization exercises are exercises that consist of 

isometric (static) contractions of the involved musculature as well as exercises that involve 

dynamic contractions (will be referred to 10, 14, 24. Isometric exercises 

are mainly based on co-contraction of antagonistic muscle groups around the trunk whilst the 
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body holds a static position. Isotonic exercises involve contraction of muscles through a 

predefined range of motion and 

involvement of body motion makes them more functional. The effectiveness of each type of 

exercise is unclear and this may be due to large variations in the design of treatment programs 

published in various studies as well as the use of stabilization exercises in combination with 

other treatment therapies 18, 6. Comparison of the effects of an isometric proprioceptive 

neuromuscular facilitation (PNF) training program with those of an isotonic exercise program 

indicated improvements in trunk muscular endurance and trunk mobility in CLBP patients 

after both programs11.  However, this study employed only a short-term follow-up period (8 

weeks post training) and exercises were performed against resistance provided by a therapist; 

however, changes in HRQL as a result of exercise were not monitored.  

Whilst research has examined the effectiveness of trunk exercises on functional 

performance, fewer studies have examined the impact of stabilization exercises on HRQL 

3,6,7,20,23. In a comprehensive review, Ferreira et al. 6 concluded that stabilization exercise 

programs improve marginally health-related quality of life. However, evidence was based on 

only one randomized trial, that by Niemisto et al 20. More recent evidence has indicated that 

trunk balance exercises combined with flexibility exercises were found to be more effective 

compared to a combination strength and flexibility exercise program in reducing disability 

and improving the physical component of quality of life 7. Similar results have been also 

reported when stabilization exercises were added to conventional physical therapy exercises 

in the treatment of patients with recurrent low back pain 3. Moreover, a 3-month intervention 

consisting of lumbar stabilization exercises and specifically the abdominal drawing-in-

maneuver and prone kneeling reduced chronic low back pain and improved quality of life in 

patients with CLBP23.  
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It is still not known (a) which specific types of stabilization exercises are more 

effective in reducing pain and improving HRQL; (b) among which types of populations such 

effects hold; and (c) the extent to which such benefits may be maintained after termination of 

intervention. The present study examined the effects of two types of spinal stabilization 

exercises (isotonic stabilization exercise and isometric stabilization exercise) on physical and 

mental health dimensions of HRQL including pain among middle-age women with CLBP. 

Considering previous evidence where the isotonics program led to a greater reduction in back 

pain intensity compared to isometric stabilization11, it was hypothesized that it would be the 

isotonic program that would lead to a greater reduction in low back pain and greater 

improvements in the physical and mental health components of HRQL. 

Methods 

Design 

A total of 43 women with CLBP were recruited from two communities in the same 

geographical area in northern Greece. Participants of one community were randomly assigned 

into one of the two treatment groups (isometric spinal stabilization exercises and isotonic 

spinal stabilization exercises) with 13 participants per group while 13 participants from the 

second community served as the control group (see Figure 1 for participant flowchart). These 

participants were randomly selected out of 17 women with CLBP to achieve a roughly equal 

number of participants per group in the study. The reason that led to such a design was the 

limited number of women with CLBP in the first community and the obstacle of traveling 

distance from one community to the other. The program was designed to be an intensive 

program of four weeks duration consisting of four exercise sessions per week. Therefore, it 

comprised sixteen exercise sessions completed in a one-month period. Baseline (pre) HRQL 

measurements were recorded after assignment to the groups and prior to the initiation of the 
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program. Outcome measurements were recorded one day after the end of the program (POST 

1), 1 month (POST 2), 3 months (POST 3), 6 months (POST 4) and 9 months (POST5) after 

program termination.  

Participants 

Thirty-nine women aged 27-72 with a mean (SD) age of 56.65 (9.11) years, with 

CLBP participated in the study (see Table 1 for description by group). Criteria for 

participation were duration of low back pain for at least six months and generally good 

health16. Exclusion criteria for participation to the program were spinal stenosis, radiographic 

evidence of inflammatory disease affecting the spine, fracture, the presence of spondylolysis 

or spondylolisthesis, important genetic structure abnormality in the spine, daily intensive low 

back pain, pregnancy, and use of medication that might influence heart rate and/or blood 

pressure16. All participants provided informed consent prior to participation in the study 

while the study has been approved by the university ethics committee. 

Exercise Protocol  

The treatment programs included six anterior-posterior exercises and the duration of 

each exercise session was 60 minutes. Both exercise programs were led by the same qualified 

exercise instructor and started with a warm up lasting for 5 to 10 minutes including walking, 

stretching of low back muscles and general stretching. Cool-down exercises were part of each 

training session lasting 5-7 min including walking at slow pace and stretching exercises. 

G roup A : Isometric exercise stabilization group 

The program consisted of isometric contractions without motion. Exercise intensity 

increased through a progressively longer contraction time from week 1 to week 4. 

Contraction duration for the first week was 8 sec, for the second and third week was 10 sec 

and for the fourth week was 12 sec. For example in the first week, participants performed 
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isometric anterior pelvic tilt contractions (8 sec), followed by relaxation (8 sec), isometric 

posterior pelvic tilt contraction (8 sec) and relaxation (8 sec) for all exercises (see Figure 2). 

There were 10 repetitions for each exercise. 

G roup B: Isotonic exercise stabilization group 

The program consisted of dynamic contractions of the same muscles from similar 

starting exercise positions as those performed by the isometric group. In all exercises, 

participants performed alternative dynamic anterior (0.5 sec) and posterior (0.5 sec) pelvic tilt 

movements without relaxation 14. Relaxation between sets was set at 10 sec (Figure 2). For 

each exercise one set consisted of 10 repetitions and an increase of exercise intensity was 

achieved by increasing the number of sets performed. For the first week, the numbers of sets 

were set at 5, for the second and third week at 6, and for the fourth week at 7.  

Control group 

Participants did not take part in any form of organized exercise except their daily life 

activities. 

T esting procedures 

Data on HRQL and pain were collected via the Short Form-36v2 Health Survey (SF-

36) in all measurement occasions. The SF-36 provides an index of self-perceived health 

status in nine dimensions of health29. These are physical functioning  with low scores 

indicating significant limitations in performing physical activities; role physical

scores indicating problems with work or other activities as a result of physical problems; 

bodily pain

activities; general health aluation of general health as poor 

vitality

social 
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functioning icating frequent interference with normal social activities 

role emotional

mental 

health eflecting frequent feelings of nervousness and depression and high 

scores feelings of calm and happiness (all of these subscales represent health domains); and 

the reported health transition

variable or as an ordinal variable or interval scale 29. Lower scores indicate health much 

better than a year ago. All items, scales, and summary measures are scored so that a higher 

score indicates a better health state except the reported health transition that its response 

value is not scored as part of any SF-36v2 scale or measure. There are 10 items to measure 

physical functioning, 4 items for role physical, 2 items for bodily pain, 5 items for general 

health, 4 items for vitality, 2 items for social functioning, 3 items for role emotional, 5 items 

for mental health, and 1 item to measure reported health transition29. No missing responses 

were observed. This is due to the fact that the participants in the exercise groups were 

residents of a small community where they were known to each other. Hence, owing to social 

bonding between participants, all of them were prompted by the other participants and the 

researchers not to miss any exercise session. 

Statistical Analysis 

Initially, data normality was examined via consulting the ratios of absolute skewness 

and kurtosis values to their respective standard errors. Cro s alpha values5 were also 

computed for each of the SF-36 subscales and for all measurement occasions, except reported 

health transition that consists of one item, to estimate internal consistency reliability. 

Mauchly's test of sphericity was used to examine whether the variance of the changes in 
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outcomes between the different measurement occasions was constant. When indications 

existed that this was not the case, and a conventional F-test would be biased, the Greenhouse-

Geisser correction to the F-test was employed to remove bias.  

A one-way MANOVA using age and BMI as the dependent variables was calculated 

to examine possible differences between the three groups. Then, a one-way MANCOVA was 

computed on the SF-36 dimensions data obtained in the first measurement occasion (PRE) to 

test for possible differences between the three groups on all nine dependent variables using 

. In case of no differences between the groups on the 

first measurement occasion, a repeated measures MANCOVA (3 groups X 6 occasions) 

including all nine dependent variables with age and BMI as covariates was computed to 

examine the multivariate interaction term between groups (control, isometric stabilization, 

isotonic stabilization) and time (PRE, POST 1, POST 2, POST 3, POST4, POST5). 

Then, two-way analyses of variance (3 X 6) with repeated measures on the second factor 

(time) followed, to examine the interaction term for each one of the dependent variables, 

separately. For the analysis of the significant interaction term, pairwise mean differences 

were determined using the Student Neuman-Keuls multiple comparison procedure. The level 

of significance was set at P < .05. Percentage of improvement for each outcome measure 

within each of the groups was also examined by estimating clinical significance values. These 

values indicate the percent of improvement that corresponds to each time point separately, 

using scores from the initial measurement as the reference point. d 

effect size was calculated for each outcome measure and time point within each of the groups 

separately, to provide a further estimation of the magnitude of the change. The score of the 

first measurement was always used as the reference point for the calculation. The d values 

4. 
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Results 

Skewness and kurtosis values supported data normality for the nine subscale scores 

except for social functioning that exhibited a slight deviation from normality (standardized 

skewness = 2.9, standardized kurtosis = 2.6) and reported health transition with a slight 

deviation for kurtosis (standardized kurtosis = 2.4)

all of the SF-36 subscales and for all six measurement occasions were greater than .70 except 

for general health in the first occasion and social functioning in the fourth measurement 

occasion, indicating generally high internal consistency for the SF-36v2 subscales (Table 2). 

The present results for the assessment of alpha values should be interpreted in the context of 

the limited sample size. 

The one-

Lambda = .749, F  (4, 70) = 2.72, P < .05, partial eta squared = .13] showed that the groups 

did not differ significantly on BMI but they differed on age with the control group displaying 

a greater mean age of approximately 62 yrs. compared to the two exercise groups with an 

average age of 53 yrs. (Table 1). The initial one-way MANCOVA showed that there was not 

any multivariate main effect for groups indicating that no differences existed in the dependent 

variable means between the groups for the first measurement occasion (i.e., PRE) 

Lambda = .446, F  (18, 52) = 1.43, P > .05, partial eta squared = .33]. The 2-way MANCOVA 

(3 groups x 6 measurement occasions) displayed a significant multivariate interaction effect 

bda = .31, F  (90, 1108.99) = 2.25, P < .05, partial eta squared = .11].  

Subsequent 2-way ANCOVAs showed significant interaction terms for physical 

functioning [F (8.30, 141.17) = 4.21, P < .05, partial eta squared = .19],  bodily pain [F  (10, 

170) = 2.92, P < .05, partial eta squared = .14], general health [F (7, 170) = 7.33, P < .05, 

partial eta squared = .30], vitality dimensions [F  (10, 130.99) = 3.91, P < .05, partial eta 

squared = .18], role emotional [F (10, 133.66) = 2.41, P < .05, partial eta squared = .12], 
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mental health [F (7.77, 132.20) = 5.48, P < .05, partial eta squared = 0.24], and related health 

transition [F (10, 170) = 2.59, P < .05, partial eta squared = .13]. No significant interaction 

terms emerged for role physical [F (10, 170) =1.73, P > .05, partial eta squared = .09], and 

social functioning [F (10, 170) = 1.26, P > .05, partial eta squared = .06]. The Neuman-Keuls 

post hoc multiple comparison procedure with the respective within error terms were used to 

analyze the statistically significant interaction terms in the dependent variables above. It was 

only for the SF-36 dimensions of bodily pain (Table 3) and vitality (Table 4) that significant 

differences were found between the PRE and POST1 measurements for the two treatment 

groups. For some dependent variables a significant mean decrease was found in the control 

group indicating deterioration of HRQL. Therefore, interpretation was focused on significant 

differences between the PRE and POST1 mean sccores in the treatment groups that was the 

case for bodily pain and vitality (Tables 3 and 4, respectively). Details in relation to the 

remaining outcome variables are provided as supplementary material.  

G roup Differences 

Direction of group mean differences is presented only for the dependent variables of 

vitality and bodily pain for which analysis of the significant interaction terms was 

accompanied by significant mean differences between PRE and POST1 for the isometric 

group. Group means for all dependent variables and all measurement occasions together with 

percentage estimates of clinical importance are presented in the respective tables as 

supplementary material. Clinical importance estimates have been calculated for all groups 

and measurement time points using the PRE measurement as the reference point. Further, a 

measure of effect size ( d) has been calculated for all pairwise mean differences 

within each of the three groups and for all dependent variables and measurement occasions 
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using always the PRE mean for the respective group, as the reference point. The standard 

deviation of the PRE mean has always been used in the calculation. 

Bodily pain scores significantly increased (i.e., pain reduction) from pre to post 

program participation for the isometric exercise stabilization group only. A clinical 

importance change of 94% was observed for the isometric stabilization group and an ES of 

1.12 indicating a large difference (Table 3). No significant differences were observed 

between mean scores for the two other groups for any measurement occasion. Further, no 

significant differences emerged between POST1 and subsequent measurement occasions for 

all groups on bodily pain indicating maintenance of effects observed after program 

termination for a period of nine months. 

Vitality scores increased significantly from pre to post exercise program participation, 

for the isometric exercise stabilization group only, with a clinical importance increase of 76% 

and an ES of .82 indicating a large mean difference (Table 4). No significant differences 

emerged within each of the other two groups. Also, no significant mean differences emerged 

for any of the groups between the POST1 and subsequent measurement occasions indicating 

maintenance of program effects for a period of nine months after program termination. 

Discussion 

The aim of the present study was to compare the effectiveness of isometric and 

isotonic stabilization exercises in reducing pain and enhancing HRQL in a sample of women 

with CLBP. In general, only a few randomized clinical trials have been conducted to examine 

the effectiveness of stabilization exercises and these studies have shown indications of long-

lasting benefits in the treatment of low back pain18, 26, 27, 6. The present results extend previous 

findings demonstrating that stabilization exercises are effective not only in improving 

functional ability but also HRQL parameters in patients with CLBP.  The results supported 
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the superiority of an intensive four-week isometric exercise stabilization program in 

comparison either to an isotonic exercise stabilization program or to no exercise at all, in 

reducing levels of bodily pain and improving levels of vitality in a sample of women with 

CLBP. The findings showed statistically significant and clinically important changes of a 

large magnitude in relation to the improvement of vitality and bodily pain levels. Further, the 

exercise effects were maintained for a period of nine months after termination of the exercise 

program, further supporting the long-lasting benefits of such a program. 

The findings are in agreement with previous studies documenting positive effects on 

functionality of patients with CLBP which suggests that interventions consisting of lumbar 

stabilization exercises are particularly effective for managing CLBP 11, 18, 23. Systematic 

reviews 18, 26, 27, 6 have concluded that stabilization exercises can reduce pain and disability in 

patients with CLBP but with effects not really greater when compared to active treatment 

control groups. A related study11 demonstrated that both an isometric and an isotonic PNF 

program led to a greater reduction in low back pain. Other findings have supported the 

effectiveness of rhythmic stabilization exercises when compared with either transcutaneous 

electrical stimulation or a combination of strength and flexibility exercise program7,12 in 

improving functional measures and reducing disability. In the same fashion, it has been 

shown that a 3-month lumbar stabilization exercise program based on the abdominal 

drawing-in-maneuver and prone kneeling had positive effects on chronic low back pain and 

quality of life patients with CLBP23. It should be noted, however, that some studies reported 

that stabilization exercises do not add any more benefits to standard physiotherapy programs 

13, 3. Comparison of these results with the present findings is difficult as we did not examine 

stabilization exercises in combination with other treatment therapies. 

Studies examining the effects of stabilization exercise on aspects of HRQL in patients 

with CLBP have been sparse 6. The present findings add new insights on the specifics of 
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using stabilization exercises in improving dimensions of HRQL. First, our results showed that 

stabilization exercises improve HRQL which is in agreement with previous findings. 

Particularly, improvements in HRQL were seen after a 3-month lumbar stabilization exercise 

program23, a combined treatment including stabilization exercises 20 and a conventional 

physical therapy program with additional stabilization exercises3. Although it is not clear 

whether stabilization exercises improve HRQL more than other types of exercise17, these 

results favor the use of such exercises for enhancing HRQL in patients with CLBP. 

Additionally the present results indicated that the gradual increase of duration of 

muscle contraction used in the isometric stabilization program rather than the gradual 

increase of the number of repetition sets used in the isotonic stabilization program was more 

effective in reducing bodily pain and increasing levels of vitality. However, the possible 

mechanism for such an effect to occur is still unclear. Research has shown that both types of 

exercise programs significantly increased lumbar spinal range of motion and spinal muscular 

endurance in women with CLBP 11. Moreover, the greatest reduction in back pain was 

observed immediately after exercise for the isotonic program but dimensions of HRQL have 

not been examined. Furthermore, research has examined isometric and isotonic exercises 

based on the principles of PNF, which are performed against manual resistance provided by a 

therapist11. This differs from the present program as external resistance was limited to the 

body weight of the participants. Nevertheless, the isometric stabilization exercises applied in 

the present study involve several muscle groups, activated around the trunk, the pelvis, and 

the hips (Figure 2). Since these exercises are based on co-contraction of antagonistic muscle 

groups to maintain trunk and whole body position, we can assume that this technique 

improved significantly static strength of the associated musculature and perhaps muscle co-

ordination. Trunk stabilization is a necessary requirement for performing several everyday 

tasks such as rising from a chair or carrying an object. In these movements, the trunk muscles 
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work almost in an isometric fashion to maintain trunk integrity. This might explain why the 

isometric exercise program resulted in greater improvement in the pain and vitality 

dimensions of HRQL measures compared to the other two groups. In contrast, isotonic 

exercises involve dynamic contractions and they can result in increases in range of motion 

and strength. Consequently, it could be suggested that improvements of dynamic trunk 

movement performance in patients with CLBP did not impact aspects of HRQL to the same 

extent as isometric adaptations did.  

It is also noteworthy that these results were the outcome of a short term (4-weeks) but 

intense (4 sessions of 60 min per week) isometric exercise program in comparison to longer 

exercise programs usually studied. Moreover, the effectiveness of the isometric stabilization 

program is further substantiated by the length of period that the benefits obtained from the 

program are maintained. Thus, the analogy of program length to the magnitude of the benefits 

obtained and the duration for which benefits are maintained, provides grounds for more 

systematic research work in this area. The present findings advance the study of stabilization 

exercises in a search of methods for improving HRQL in women with CLBP and opens new 

research avenues for further investigations examining the effects of such an exercise program 

on other functional and disability-related outcomes.  

The present work adds to the literature of the study of physical exercise methods to 

counteract the problem of low back pain and extends findings to the psychosocial domain of 

HRQL. Bodily pain as operationalized via the SF-36v2 instrument measures the intensity of 

bodily pain or discomfort experienced by the patient and the functional impact of pain from 

the aspect of interference with individuals  normal activities29. The present findings indicate 

that isometric stabilization exercises appear more beneficial in reducing the intensity of 

bodily pain and discomfort experienced by the patient compared to either isotonic exercises 

or no exercise at all. Vitality is operationalized as the extent to which the patients feel as 
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having energy available to the self in contrast to feeling tired and wornout29. The present 

findings showed that isometric stabilization exercises led to increased levels of feeling 

energetic rather than feeling tired and worn out, thus, contributing to more positive feelings 

during everyday life. Indeed, it has been shown that there is a positive relationship between 

self-rated health and happiness among community dwelling older adults2.  

In relation to the HRQL dimensions where no significant effects were found, an 

observation of the results may reveal that while a deterioration of scores was found for the 

control group over time, positive effects were observed for the remaining dimensions, albeit 

nonsignificant. Observation of the clinical significance estimates reveals trends of positive 

effects for both exercise programs on all dimensions of HRQL with greater effects observed 

for the isometric exercise group. However, nonsignificance for these effects may be attributed 

both to the small number of participants within each group corresponding to lowered 

statistical power combined with a weaker effect of the interventions for these particular 

dimensions. Future research in this area should be conducted with a greater number of 

participants per group to achieve enhanced levels of statistical power. 

The present results are limited mainly to middle age women characterized by chronic 

low back pain, thus restricting external validity of the findings. Future studies aiming to 

further understanding of the effects of an intense program of stabilization exercise on HRQL 

among individuals with CLBP may employ either women of an older age or men. Despite 

that random allocation of the women to the three groups was not feasible (random allocation 

took place only between the two exercise groups), similarity of the three groups in their 

demographic characteristics provide some support to the equivalence of the groups before 

initiation of the intervention. For instance, given that the two communities belong to the same 

county, habits and values of people generally coincide. Further, no selection bias is believed 

to have been introduced to the study given that the control group women did not select not to 
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participate; rather the technical difficulty of the travelling distance was the main reason for 

non participation, a reason unrelated either to the variables of the study or the requirements of 

the study design. Therefore, we believe that the lack of randomization had only minimal 

impact on the findings. Additionally, control group women, had initially agreed to participate 

in an exercise program dealing with their back pain. However, such a program would be 

delivered after the two experimental exercise groups had concluded their program in order for 

the control group to function as such. 

The present findings expand the evidence base of methods for enhancing HRQL in 

patients with CLBP. It is shown that the benefits from the use of isometric stabilization 

subjective energy for everyday activities, contributing to a more balanced and happier life. 

Clearly, maintaining a health-related quality of life is important given the centrality of this 

concept in the domain of chronic care25. 
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F igure 1 Participant flowchart 
 
  



Effects of Stabilization Exercises on Health-Related Quality of Life in Women with Chronic Low Back Pain  
by Moussouli M et al.  
Journal of Physical Activity & Health  
© 2013 Human Kinetics, Inc. 
 

 

 
1. Anterior (a) and posterior 
(b) pelvic tilt (hook lying): 
Supine position: hip and 
knee flexion. 

 

 
 

2. Anterior (a) and posterior 
(b) pelvic tilt: 
Sitting position with soles 
together, hip and knee 
flexion. 
 

 

  
 

3. Anterior (a) and posterior 
(b) pelvic tilt: 
Kneeling with buttocks on 
heels, hip and knee flexion. 

 

   

4. Anterior (a) and posterior 
(b) pelvic tilt: 
Kneeling with thighs 
vertical, hip neural position 
and knee flexion. 
 
 
 

 

  

 
5. Anterior (a) and posterior 
(b) pelvic tilt: 
Standing position, hip and 
knee neutral position. 
 

 

  
 

 
6. Anterior (a) and posterior 
(b) pelvic tilt: 
Quadruped position, hip and 
knee flexion. 

 

  

 
F igure 2 Stabilization exercises used in the present study 
 
Note. The exercises have been executed in an isotonic fashion for the one treatment group 
and in an isometric fashion for the other treatment group 
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Table 1. Participant characteristics (mean ± standard deviation) by study group 
 

Characteristics Control Isometric Isotonic  

Age (y) 62.92 + 5.33 53.84 + 11.37 53.18 + 6.41 

Height (cm) 1.57 + 0.05 1.61 + 0.05 1.60 + 0.06 

Body mass (kg) 70.66 + 6.44 77.08 + 14.61 73.10 + 6.71 

BMI (kg/m2) 28.63 + 3.03 29.38 + 5.15 28.52 + 2.93 

 
Note. BMI = Body mass index. One-way ANOVA and Student Neuman Keuls multiple comparison 
test indicated group differences for age. Age and BMI have been included in the analyses of variance 
as covariates. 
 

 

Table 2.  values for the Greek version of SF-36v2 subscales for all measurement 
occasions  
 

Measurement Occasion 

SF-36v2 subscales PRE POST1 POST2 POST3 POST4 POST5 

1. Physical functioning 0.90 0.84 0.90 0.86 0.84 0.88 

2. Role physical 0.88 0.91 0.95 0.91 0.91 0.91 

3. Bodily pain 0.86 0.84 0.83 0.86 0.88 0.78 

4. General health 0.60 0.87 0.89 0.78 0.78 0.82 

5. Vitality 0.77 0.91 0.92 0.87 0.85 0.83 

6. Social functioning 0.84 0.88 0.77 0.54 0.78 0.85 

7. Role emotional 0.90 0.90 0.93 0.84 0.90 0.90 

8. Mental health 0.84 0.91 0.92 0.89 0.92 0.75 

9. Related health transition    _    _    _    _    _    _ 

Note. No values have been recorded for related health transition because it consists of one item. PRE 
= prior to training; POST 1 = immediately after training; POST 2 = one month follow-up; 
POST 3 = three month follow-up; POST 4 = six-month follow-up; POST 5 = nine month 
follow-up. 
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Table 3. Means, standard deviations, estimates of clinical importance, and effect size for bodily pain.  
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 
 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical significance 
Mean % 

 
 
 
 

ES 
 

PRE 68.38±17.26    50.70±19.70    49.30±23.00    

POST1 47.30±32.99  -24.33 (-137.32, 88.66) 1.21 59.37±18.43  31.92 (-92.81, 156.65) 0.44 75.21±12.69 a,b 94.73 (-121.32, 310.78) 1.12 

POST2 48.61±30.98  -27.65 (-121.67, 66.37) 1.14 60.11±19.02  43.14 (-150.8, 237.08) 0.47  64.88±14.24  68.11 (-123.02, 259.24) 0.67 

POST3 33.84±13.86  -48.21 (-89.35,-7.07) 2.00 50.67±12.56  14.83 (-90.50, 120.16) 0.15 64.51±15.16 a 67.11 (-114.77, 248.99) 0.66 

POST4 47.45±25.39  -29.68 (-95.96, 36.60) 1.21 50.29±20.30 11.89 (-0.29, 132.07) 0.02  62.60±17.52  60.29 (-110.70, 231.28) 0.57 

POST5 40.00±26.14  38.06 (-116.71, 40.59) 1.64 49.72±6.51 12.31 (-81.78, 106.40) 0.05  65.11±16.18  62.68 (-108.25, 233.61) 0.68 

Note. a significantly different from control; b significantly different from pre. PRE = prior to training; POST 1 = immediately after training; 
POST 2 = one month follow-up; POST 3 = three month follow-up; POST 4 = six-month follow-up; POST 5 = nine month follow-up. Higher 
scores indicate reduced pain. ES = effect size (d). 
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Table 4. Means, standard deviations, estimates of clinical importance, and effect size for vitality.  
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

PRE 66.34±18.13   43.75±18.57   50.48±29.36 
 

  

POST1 37.01±29.36 -35.09 (-146.41, 76.23) 1.61 63.32±19.07a 79.84 (-140.18, 299.86) 1.11 74.72±21.01a, b 76.69 (-176.46, 329.84) 0.82 

POST2 40.38±24.42 -35.15 (-121.31, 51.03) 1.43 60.86±21.31 53.03 (-45.28, 151.34) 0.92 70.52±18.09a 55.08 (-27.25, 137.41) 0.68 

POST3 34.13±12.39 -45.26 (-87.79, -2.73) 1.77 59.09±23.70a 44.74 (-151.73, 241.21) 0.82 69.81±19.49a 69.06 (-188.5, 326.62) 0.65 

POST4 48.32±18.50 -22.69 (-93.68, 48.30) 0.99 60.16±23.58 44.19 (-110.08, 198.46) 0.88 60.58±20.09 41.16 (-127.59, 209.91) 0.34 

POST5 42.40±18.43 -32.33 (-91.84, 27.21) 1.32 54.00±25.88 43.23 (-116.17, 202.63) 0.55 56.67±21.51 33.65 (-145.45, 212.75) 0.21 

Note. a significantly different from control; b significantly different from pre. PRE = prior to training; POST 1 = immediately after training; 
POST 2 = one month follow-up; POST 3 = three month follow-up ; POST 4 = six-month follow-up; POST 5  = nine month follow-up. Higher 
scores indicate greater vitality. ES = effect size (d). 
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Table 5. Means, standard deviations, estimates of clinical importance, and effect size for physical functioning. 
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical significance 
Mean % 

 
 
 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical significance 
Mean % 

 
 
 
 
ES 

PRE 76.61 ± 9.65    58.07±19.20     55.76±30.74    

POST1 46.92 ± 28.47  -36.79 (-116.62, 43.04) 2.76 63.50±16.20  15.53 (-40.85, 71.91) 0.28  60.00±13.99  83.51 (-277.30, 444.38) 0.13 

POST2 54.61 ± 29.47  -27.53 (-108.83, 53.77) 2.27 70.00±20.10  25.65 (-38.48, 89.78) 0.62  69.44±17.13  193.06 (-784.27, 1170.39) 0.44 

POST3 31.92 ± 20.15  -57.92 (-111.85, -3.99) 4.63 67.22±13.08 a 25.41 (-50.26, 101.08) 0.47  65.55±13.29 a  140.97 (-522.68, 8 04.62) 0.31 

POST4 52.27 ± 28.16  -32.16 (-100.05, 35.73) 2.52 69.44±12.82 29.54 (-46.58, 105.72) 0.59  60.55±18.30  110.51 (-402.38, 623.40) 0.31 

POST5 42.08 ± 28.02 -44.49 (-116.42, 27.44) 3.57 63.88±16.17  24.50 (-108.32, 157.32) 0.30  75.00±10.40 a 168.71 (-542.69, 880.11) 0.65 

Note. a significantly different from control. PRE = prior to training; POST 1 = immediately after training; POST 2 = one month follow-up; POST 
3 = three month follow-up; POST 4 = six-month follow-up; POST 5 = nine month follow-up. Higher scores indicate greater levels of the 

alth. ES = effect size (d). 
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Table 6. Means, standard deviations, estimates of clinical importance, and effect size for general health. 
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

PRE 70.92±13.17 
 

  60.38±16.51   59.30±17.27   

POST1 44.61±14.50 
 

-33.83 (-89.72, 22.06) 1.99 66.39±17.47a 14.10 (-49.16, 77.36) 0.36 67.51±17.18 a 33.44 (-120.61, 187.49) 0.47 

POST2 38.30±16.92 
 

-43.59 (-96.64, 9.46) 2.47 69.24±22.24a 16.01 (-50.88, 82.9) 0.53 82.24±7.88a,b 57.80 (-89.72, 205.32) 1.32 

POST3 37.23±13.47 
 

-45.80 (-86.19, -5.41) 2.55 64.31±21.91a 6.89 (-53.12, 66.90) 0.23 70.22±16.74a 36.60 (-108.67, 181.87) 0.74 

POST4 46.63±10.85 -32.93 (-67.60, 1.74) 1.84 68.87±18.65a 17.05 (-30.95, 65.05) 0.51 72.90±12.40a 41.63 (-107.19, 190.45) 0.78 

POST5 40.37±15.27 -40.74 (-91.77, 10.29) 2.31 64.46±17.72a 5.27 (-43.53, 54.13) 0.24 74.79±14.11a 43.92 (-99.76, 187.6) 0.89 

Note. a significantly different from control; b significantly different from pre. PRE = prior to training; POST 1 = immediately after training; 
POST 2 = one month follow-up; POST 3 = three month follow-up; POST 4 = six-month follow-up; POST 5 = nine month follow-up. Higher 
scores indicate more positive perceptions of general health. ES = effect size (d). 
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Table 7. Means, standard deviations, estimates of clinical importance, and effect size for role emotional.  
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

PRE 71.79±17.19   59.61±23.03   58.33±31.36   

POST1 50.00±25.68 -25.39 (-115.47, 64.69) 1.26 69.33±27.47 17.96 (-125.15, 161.07) 0.42 66.66±25.68a 51.76 (-175.69, 279.21) 0.26 

POST2 54.48±25.82 -21.62 (-101.52, 58.28) 1.00 72.22±18.32 41.53 (-104.78, 187.84) 0.54 84.26±22.42a 98.91 (-194.42, 392.24) 0.82 

POST3 54.48±22.72 -19.45 (-96.88, 58.28) 1.00 71.29±18.66 38.85 (-103.81, 181.51) 0.50 86.11±17.01 117.33 (-200.5, 435.16) 0.82 

POST4 59.85±28.22 -14.22 (-96.67, 68.23) 0.69 76.85±15.50 58.31 (-119.59, 236.21) 0.74 72.22±26.78 84.41 (-175.13, 343.95) 0.88 

POST5 58.33±25.45 -15.20 (-94.40, 64.00) 0.78 75.92±17.49 54.14 (-109.97, 218.25) 0.70 82.40±22.68 110.69 (205.04, 426.42) 0.76 

Note.  a significantly different from control. PRE = prior to training; POST 1 = immediately after training; POST 2 = one month follow-up; 
POST 3 = three month follow-up; POST 4 = six-month follow-up; POST 5 = nine month follow-up. Higher scores indicate little or no problems 
with social activities due to emotional problems. ES = effect size (d). 
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Table 8. Means, standard deviations, estimates of clinical importance, and effect size for mental health.  
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 
 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical significance 
Mean % 

 

 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
ES 

PRE 76.53±11.79   52.69±23.05   62.69±22.04   

POST1 46.53±25.85 -36.69 (-111.05, 37.67) 2.54 63.65±20.82 24.94 (-56.85, 106.73) 0.47 74.62±21.50a 35.79 (-98.88, 170.46) 0.54 

POST2 41.53±25.11 -45.47 (-112.40, 21.49) 2.96 60.84±21.73a 21.62 (-63.24, 106.88) 0.35 74.85±16.63a 35.37 (-90.91, 161.65) 0.55 

POST3 36.92±12.33 -50.17 (-83.13,-17.21) 3.35 63.68±23.63a 23.80 (-56.97, 104.57) 0.47 74.12±17.27a 34.75 (-86.69, 156.19) 0.51 

POST4 40.04±17.90 -47.37 (-92.03,-2.71) 3.09 62.80±25.34a 25.61 (-60.43, 11.65) 0.43 74.30±19.15a 35.91 (-89.19, 161.01) 0.52 

POST5 49.88±11.85 -33.39 (-68.16, 1.28) 2.26 70.90±20.69a 36.12 (-53.31, 125.55) 0.79 71.93±19.05a 29.18 (-85.48, 143.84) 0.41 

Note. a significantly different from control. PRE = prior to training; POST 1 = immediately after training; POST 2 = one month follow-up; POST 
3 = three month follow-up; POST 4 = six-month follow-up; POST 5 = nine month follow-up. Higher scores indicate little or no feelings of 
depression or nervousness. ES = effect size (d). 
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Table 9. Means, standard deviations, estimates of clinical importance, and effect size for role physical.  
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical significance 
Mean % 

 
 
 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical significance 
Mean % 

 
 
 
 
ES 

PRE 76.92±14.52   57.69±24.22   63.94±26.40   

POST1 52.88±34.00 -26.40 (-124.55, 71.75) 1.65 65.00±16.37 30.47 (-69.00, 129.94) 0.30 67.36±25.48 17.88 (-116.79, 152.55) 0.12 

POST2 59.13±35.86 -22.00 (-122.48, 78.48) 1.22 66.66±20.09 52.31 (-78.61, 183.23) 0.37 83.33±24.73 70.33 (-174.1, 314.76) 0.73 

POST3 52.40±24.14 -30.46 (-92.28, 31.36) 1.68 65.27±16.55 34.94 (-99.63, 169.51) 0.31 78.47±23.40 59.95 (-61.05, 180.95) 0.55 

POST4 56.25±31.35 -25.58 (-108.82, 57.66) 1.42 68.05±13.84 56.11 (-197.1, 309.32) 0.42 74.30±24.92 49.33 (-138.96, 237.62) 0.39 

POST5 56.77±30.98 -23.21 (-107.66, 61.24) 1.38 64.58±15.93 59.73 (-275.35, 394.81) 0.28 84.02±22.97 72.83 (-161.11, 306.77) 0.76 

Note. PRE = prior to training; POST 1 = immediately after training; POST 2 = one month follow-up; POST 3 = three month follow-up; POST 4 
= six-month follow-up; POST 5 = nine month follow-up. Higher scores indicate little or no problems with work or other activities due to 
physical health. ES = effect size (d). 
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Table 10. Means, standard deviations, estimates of clinical importance, and effect size for social functioning. 
 

 

 

Testing 

Session 

 

 

Control  

(n=13) 

 
 
 
 
Clinical 
significance 
Mean % 

 
 
 
 
ES 

 

 

Isotonic 

(n=13) 

 
 
 
 
Clinical significance 
Mean % 

 
 
 
 
ES 

 

  

Isometric  

(n=13)  

 
 
 
 
Clinical significance 
Mean % 

 
 
 
ES 

PRE 75.96±13.93   67.30±24.22   68.26±32.11   

POST1 60.57±34.55 -14.95 (-119.96, 90.06) 1.10 73.15±21.94 9.22 (-36.38, 54.82) 0.24 76.42±21.00 12.95 (-82.11, 108.01) 0.25 

POST2 55.76±32.92 -24.54 (-118.89, 69.81) 1.45 79.79±18.07 12.93 (-45.75, 81.61) 0.51 80.64±16.35 21.23 (-72.41, 114.87) 0.38 

POST3 53.84±20.01 -27.89 (-78.57, 22.8) 1.58 73.04±18.65 4.99 (-52.39, 62.37) 0.23 75.00±21.04 15.32 (-91.67, 122.31) 0.20 

POST4 62.05±27.74 -17.24 (-85.93, 51.45) 0.99 71.05±23.38 8.09 (-35.54, 51.71) 0.15 80.02±18.00 22.66 (-81.65, 126.97) 0.36 

POST5 52.70±29.32 -29.56 (-103.51, 44.39) 1.66 79.10±16.38 10.20 (-41.64, 62.04) 0.48 77.28±18.63 16.13 (-72.54, 105.80) 0.28 

Note. PRE = prior to training; POST 1 = immediately after training; POST 2 = one month follow-up; POST 3 = three month follow-up; POST 4 
= six-month follow-up; POST 5 = nine month follow-up. Higher scores indicate better social functioning. ES = effect size (d). 
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Table 11. Means, standard deviations, estimates of clinical importance, and effect size for related health transition.  
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PRE 3.00 ± 0.00   3.07 ± 1.11   3.23 ± 0.59   

POST1 3.69 ± 1.03 -23.07 (-90.45, 44.31) __ 2.40 ± 0.60a 3.20 (-132.96, 139.36) 0.60 2.44 ± 0.82a 22.64(-26.92, 72.14) 1.33 

POST2 3.53 ± 1.33 -17.94 (-104.82, 68.94) __ 2.55 ± 0.92 5.84 (-82.04, 93.72) 0.46 2.55 ± 0.43  18.37(-18.79, 55.53) 1.15 

POST3 4.15 ± 0.80 -38.46 (-90.75, 13.83) __ 2.77 ± 0.54a -1.95 (-80.76, 76.86) 0.27 2.92 ± 0.86a 6.83(-69.61, 83.27) 0.52 

POST4 3.92 ± 0.63  -30.30 (-79.73, 19.13) __ 3.22 ± 0.54 -45.15 (-214.14,123.84) 0.13 2.92 ± 0.63  -3.41(-61.23, 54.44) 0.52 

POST5 4.07 ± 1.03 -36.11 (-103.88, 31.66) __ 3.00 ± 1.08a -10.89 (-141.62,119.84) 0.06 2.33 ± 1.00a 26.92(-34.64, 86.48) 1.52 

Note. a significantly different from control. PRE = prior to training; POST 1 = immediately after training; POST 2 = one month follow-up; POST 
3 = three month follow-up; POST 4 = six-month follow-up; POST 5 = nine month follow-up. Lower scores indicate better health. ES = effect 
size (d). No ES values are presented for the control group given no variability in responses in relation to the PRE measurement standard 
deviation used in the calculation of the ES. 
 


