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Objective: The main purpose of the investigation reported here was to analyze the effect 

of resistance training (RT) performed at different weekly frequencies on flexibility in older 

women.

Participants and methods: Fifty-three older women (60 years old) were randomly assigned 

to perform RT either two (n=28; group “G2x”), or three (n=25; group “G3x”) times per week. 

The RT program comprised eight exercises in which the participants performed one set of 

10–15 repetitions maximum for a period of 12 weeks. Anthropometric, body-composition, and 

flexibility measurements were made at baseline and post-study. The flexibility measurements 

were obtained by a fleximeter.

Results: A significant group-by-time interaction (P0.01) was observed for frontal hip 

flexion, in which G3x showed a higher increase than G2x (+12.8% and +3.0%, respectively). 

Both groups increased flexibility in cervical extension (G2x=+19.1%, G3x=+20.0%), right hip 

flexion (G2x=+14.6%, G3x=+15.9%), and left hip flexion (G2x=+25.7%, G3x=+19.2%), with 

no statistical difference between groups. No statistically significant differences were noted for 
the increase in skeletal muscle mass between training three versus two times a week (+7.4% 
vs +4.4%, respectively).
Conclusion: Twelve weeks of RT improves the flexibility of different joint movements in older 

women, and the higher frequency induces greater increases for frontal hip flexion.

Keywords: elderly, muscle mass, physical fitness, range of motion, strength training

Introduction
Aging is associated with changes in various body systems including in the neuro-

muscular structures, which lead to a reduction in important components of physical 

fitness.1 The preservation of fitness-related components such as muscular strength, 

endurance, and flexibility are essential to the performance of daily activities, which 

thus helps to maintain autonomy and quality of life in the elderly population.2–5 Of 

these fitness-related components, flexibility is often less appreciated with respect to 

its contribution to optimal health and functional status as well as independent living 

for the elderly.3,6 Flexibility reductions may increase the risks of injury, falling, back 

pain, and physical dependence in older adults.7

Several mechanisms have been proposed for reductions in flexibility, among them 

alterations in soft-tissue structures and physical inactivity.7 When a joint is relatively 

inactive due to sedentary behavior, the muscles that cross it shorten, thereby reducing 

its range of motion. Moreover, independent of activity levels, the aging process 

plays a role in flexibility decreases.8 Joint structures such cartilage, ligaments, and 

tendons change mechanically and biochemically with aging, increasing muscular 

and tendon stiffness and thus impeding mobility.9–11 On the other hand, maintaining 
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a physically active lifestyle may result in improvement of 

functional performance with advancing age, thus enabling 

the execution of activities of daily living with more vigor 

and less fatigue.12,13

While resistance training (RT) is recommended for 

older people for the development of muscular strength,13,14 

some studies have indicated that regular participation in RT 

programs may also contribute to increased flexibility.11,15–19 

In fact, there is evidence that regular RT serves as an active 

form of flexibility training and can improve range of motion 

to a similar extent as typical static stretching protocols.20 

Regular performance of RT may improve flexibility by 

reducing passive tension and stiffness of the tissues surround-

ing a joint.11 Thus, from a time-saving standpoint, RT is a 

good way to develop both strength and flexibility as well as 

achieve improvements in body composition within a single 

session of training.

The fitness-related benefits associated with RT are 

dependent on the manipulation of variables such as intensity, 

volume, exercise order, and rest intervals.12 With respect to 

training volume, manipulation can involve varying the num-

ber of repetitions, sets, and/or “frequency” – defined here as 

the number of sessions performed per week. The American 

College of Sports Medicine recommends that older adults 

engage in two to three RT sessions a week for improving 

neuromuscular fitness.12 However, there is a current paucity 

of research regarding the effects of different RT weekly 

frequencies on flexibility adaptive responses. Previous 

studies are limited to analyzing the impact of RT on flex-

ibility without regard for manipulation of the variables that 

make up the training program. Considering the importance 

of flexibility in the health and wellness of the elderly, such 

information is of great importance when prescribing RT 

programs in this population.

Therefore, the main purpose of this investigation was 

to analyze the effect of RT performed at different weekly 

frequencies on flexibility in untrained older women. We 

hypothesized that higher RT frequencies would result in 

greater flexibility increases than lower frequencies. The 

rational for our hypothesis is based on a dose–response 
relationship between training volume and muscle strength 
and hypertrophy,21,22 whereby greater training volumes 
are associated with enhanced muscular adaptations. We 

speculated that flexibility increases would have a similar 

dose–response relationship. A secondary aim of the study 

was to assess RT frequency-related changes in skeletal 

muscle mass. In accordance with the aforementioned 

dose–response relationship, it was hypothesized that 

muscle protein accretion would be greater with the higher 

frequency program.

Methods
Participants
Recruitment of the participants was carried out through 

newspaper and radio advertisements and home deliv-

ery of flyers in Londrina, Paraná, Brazil. A total of 350 

older women responded to the advertisements, and then 

completed detailed health history and physical activity 

questionnaires. The women were subsequently admitted 

to the study if they met the following inclusion criteria: 

non-hypertensive (systolic blood pressure 140 mmHg 

and diastolic blood pressure 90 mmHg), nondiabetic, 

free from cardiac or renal dysfunction, nonsmoking, not 

receiving hormonal replacement therapy, not performing 

any regular physical exercise more than once per week over 

the preceding 6 months, and participated in 85% of the 

study training sessions.

Of the 350, 286 subjects were not selected for 

participation in the study. The remaining 64 older women 

(60 years old) were randomly assigned to one of two 

groups: a group that performed RT two times per week 

(n=32; group “G2x”) or a group that performed RT three 

times per week (n=32; group “G3x”). A total of 53 women 

(G2x=28; G3x=25) completed the study and therefore were 

included in the analysis. Reasons for the eleven dropouts 

included insufficient attendance to training sessions and 

voluntary abandonment. Participants passed a diagnostic, 

graded exercise stress test with twelve-lead electrocardiog-

raphy reviewed by a cardiologist and were released with no 

restrictions for participation in this study.

Written informed consent was obtained from all subjects. 

This investigation was conducted according to the Declara-

tion of Helsinki, and was approved by the Londrina State 

University ethics committee. Figure 1 is a schematic repre-

sentation of participant recruitment and allocation.

experimental design
The study was carried out over a period of 16 weeks, with 

12 weeks dedicated to the RT program and 4 weeks used for 

testing. Anthropometric, body-composition, and flexibility 

measurements were performed at Weeks 1–2 and 15–16 for 

baseline and post-training analysis, respectively, while the 

supervised RT program was performed during Weeks 3–14. 

Trained fitness personnel supervised all sessions. Subjects 

were instructed not to perform any other type of physical 

exercise during the entire study period.
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Figure 1 schematic representation of participant recruitment and allocation.
Abbreviation: rT, resistance training.

Anthropometry
Body mass was measured to the nearest 0.1 kg using a cali-

brated electronic scale (Balmak scale, model III, São Paulo, 

Brazil), with the participants wearing light workout cloth-

ing and no shoes. Height was measured with a stadiometer 

attached on the scale to the nearest 0.1 cm with subjects 

standing without shoes. Body mass index was calculated as 

body mass in kilograms divided by the square root of height 

in meters.

Body composition
The skeletal muscle mass was estimated by the predictive 

equation proposed by Kim et al.23 The appendicular fat-

free mass used in the equation was determined by a dual 

energy X-ray absorptiometry scan (Lunar Prodigy NRL 

41990, GE Lunar, Madison, WI, USA). Before scanning, 

participants were instructed to remove from their person 

all objects containing metal. Scans were performed with 

the subjects lying in the supine position along the table’s 

longitudinal centerline axis. Feet were taped together at the 

toes to immobilize the legs, while the hands were maintained 

in a pronated position within the scanning region. Subjects 

remained motionless during the entire scanning procedure. 

Both calibration and analysis were carried out by a skilled 

laboratory technician. The equipment calibration fol-

lowed the manufacturer’s recommendations. The software 

generated standard lines that set apart the limbs from the trunk 

and head. These lines were adjusted by the same technician 

using specific anatomical points determined by the manu-

facturer. Analyses during the intervention were performed 

by the same technician who was blinded to intervention 

time point. Previous test–retest scans resulted in a standard 

error of measurement of 0.29 kg and intra-class correlation 

coefficient of 0.997 for skeletal muscle mass.

Flexibility measurements
To evaluate a subject’s flexibility, five joint movements were 

adopted: cervical flexion (CF), cervical extension (CE), fron-

tal hip flexion (FHF), left hip flexion, and right hip flexion. 

These movements were chosen because the flexibility of the 

hip and cervical spine are highly important for the elderly, 

especially for locomotion, eye orientation, and good timeline 
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perception.24 All measurements were obtained by a fleximeter 

(Code, American do Brazil Ltda, São Paulo, Brazil) with a 

degree scale. All the procedures were made according to 

procedures and recommendations described elsewhere.25 

Briefly, in both CF and CE subjects remained lying supine 

on a stretching table in order to neutralize any possible com-

pensatory movements, and the fleximeter was positioned at 

the side of the head, in the sagittal plane, starting with CF, 

where they moved the head slowly, until the chin leaned on 

the sternum or noticed a rigidity in the final range of motion; 

for CE, the subjects moved their head back slowly. For FHF, 

the fleximeter was positioned next to the hip just above the 

iliac crest, in a standing position with shoulders vertically 

flexed, elbows extended, fingers intertwined, legs together, 

then the subjects flexed frontally the hip, with knees extended 

throughout the movement. For lateral hip flexion, the flexi-

meter was placed on the medial surface of the thoracic spine, 

the participant remained standing, with legs together, and 

knees extended, but with arms crossing the trunk and hands 

on the contrary shoulder, and then performed the lateral trunk 

flexion, as a special consideration to such movement, the 

heel should remain supported on the ground. For all moves, 

after fixing the Velcro attached to the fleximeter and setting 

the zero point, the participants executed the movements as 

far as they could or until tightness or discomfort in the final 

range of motion was felt, and at the end range of motion the 

evaluator recorded the measure – at this point the partici-

pants were instructed to remain in the final position until the 

reading was completed. The highest score obtained from the 

three measurements at each joint motion was adopted as a 

reference standard. Three measurements were obtained for 

each joint movement without any warm-up.

The same evaluator made the measurements at baseline 

and after 12 weeks of intervention. The information 

obtained at baseline was not made available to the evalu-

ator at the time of revaluation in an attempt to avoid their 

unduly influencing the results. It is worth emphasizing that 

the evaluator had over 2 years’ experience, and based on 

the test–retest, the standard error of measurement and the 

intra-class correlation coefficient among the movements 

were 2.26 degrees and 0.950, respectively, and the 

maximal technical error among the movements analyzed 

was 1.19 degrees.

Training load
During the intervention period, in each session, the instructors 

registered the load (kg) for each of the eight exercises for all 

the subjects. Afterwards, training load for each subject was 

weekly calculated, using the sum of the load employed in 

the exercises as a reference for each week.

Resistance-training program
Supervised RT was carried out for 12 weeks during the morn-

ing hours, in the Londrina State University facilities. The 

protocol was based on recommendations for RT in an older 

population to improve muscular endurance and strength.12,13 

All participants were personally supervised by physical-ed-

ucation professionals with substantial RT experience to help 

ensure consistent and safe performance. Subjects performed 

RT using a combination of free weights and machines.

G2x performed two RT sessions per week on Tuesdays 

and Thursdays, while G3x performed the same exercises 

in three sessions per week on Mondays, Wednesdays, and 

Fridays. The RT program was a whole-body program with 

eight exercises comprising one exercise with free weights 

and seven with machines, performed exactly in the follow-

ing order: chest press, horizontal leg press, seated row, knee 

extension, preacher curl (free weights), leg curl, triceps push-

down, and seated calf raise. Participants performed one set 

of 10–15 repetitions maximum. Participants were instructed 

to inhale during the eccentric phase and exhale during the 

concentric phase while maintaining a constant velocity of 

movement at a ratio of approximately 1:2 seconds (concen-

tric and eccentric phases, respectively). Participants had 2 to 

3 minutes’ rest between each exercise. Instructors adjusted 

the loads of each exercise according to the subject’s ability 

and improvements in exercise capacity throughout the study 

in order to ensure that the subjects were exercising with 

as much resistance as possible while maintaining proper 

exercise technique. Progression was planned so that when 

15 repetitions were completed for two consecutive training 

sessions, weight was increased 2%–5% for the upper limb 

exercises and 5%–10% for the lower limb exercises in the 

next session.12 It is important to note that the participants did 

not perform any type of warm-up or cool-down exercises at 

the beginning or end of the session, respectively.

Statistical analyses
Normality was checked by the Shapiro–Wilk’s test. The data 

were expressed as mean and standard deviation. Levene’s 

test was used to analyze the homogeneity of variances. 

Two-way analysis of variance for repeated measures was 

used for within-group comparisons. In variables where 

sphericity was violated, as indicated by Mauchly’s test, 

the analyses were adjusted using a Greenhouse–Geisser 

correction. When the F-ratio was significant, Bonferroni’s 
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post-hoc test was employed to identify the mean differences. 

Baseline differences between groups were explored with 

an independent t-test. The effect size (ES) was calculated 

to verify the magnitude of the differences by Cohen’s d, 

where an ES of 0.20–0.40 was considered small, 0.50–0.79 

as moderate, and 0.80 as large.26 For all statistical analyses, 

significance was accepted at P0.05. The data were stored 

and analyzed using STATISTICA software (v 10.0; StatSoft 

Inc, Tulsa, OK, USA).

Results
Table 1 displays the general characteristics of the participants 

at baseline. No significant differences were observed between 

groups (P0.05).

Figure 2 shows the total weekly training load during 

the experiment. A significant main effect for group-by-time 

interaction (F=2.53, P0.05) was observed, in which G3x 

showed a higher increase than G2x (G2x=+87.8%, ES=7.31; 

G3x=+92.2%, ES=10.39).

The information regarding flexibility indicators pre- 

and post-training according to group are presented in 

Table 2. A main effect of time (P0.01) was observed 

for CE (G2x=+19.1%, G3x=+20.0%), right hip flexion 

(G2x=+14.6%, G3x=+15.9%), and left hip flexion 

(G2x=+25.7%, G3x=+19.2%). Significant group-by-time 

interaction (P0.01) was observed only for FHF, in which 

G3x showed a higher increase than G2x (+12.8%, and +3.0%, 

respectively).

Figure 3 shows the absolute (A) and relative (B) 

variations from pre- to post-training on skeletal muscle mass 

indicators according to group. Only the main effect of time 

reached statistical significance (F=22.05, P0.001), with 

both groups having a similar increase after the 12 weeks of 

the RT program. The ESs for skeletal muscle mass changes 

were 0.21 and 0.43 for twice and thrice per week sessions, 

respectively.

Discussion
The main finding of the present study is that 12 weeks 

of RT was sufficient to increase or at least maintain flex-

ibility in elderly women. The increases in flexibility after 

an RT program in older individuals have been previously 

reported,11,16–19 and our findings are consistent with these 

studies. For example, Fatouros et al18 recruited eight older 

men to perform 16 weeks of RT three times per week, and 

observed significant range-of-motion increases in knee flex-

ion, elbow flexion, shoulder flexion, hip flexion, shoulder 

extension, and hip extension at study end. Gonçalves et al19 

investigated the effect of 8 weeks of RT three times per week 

on the flexibility of elderly men and women, and noted an 

increase in shoulder extension, hip flexion, and hip extension 

after the intervention. Barbosa et al16 investigated the effect 

of 10 weeks of RT three times per week in elderly women 

and observed an increase in flexibility as measured by the 

sit-and-reach test after 10 weeks.

The exact mechanisms responsible for increased flex-

ibility after an RT program have not yet been established in 

the literature and the outcomes drawn from our study do not 

provide mechanistic insight. Nevertheless, we can speculate 

on possible causes. Joint movement is related to morphologi-

cal elements such as muscle, bone, and connective tissues. 

In particular, muscle and fascia are responsible for ~41% 

of a joint’s resistance to movement,27 suggesting that an 

RT-mediated reduction in passive tension and stiffness of 

these tissues translates into a greater range of motion.11 This 

hypothesis requires further study.

The novel and important feature of our study was the com-

parison of two versus three RT sessions per week with respect 

to flexibility outcomes. Results show that only FHF benefited 

Table 1 General characteristics of the sample at baseline. Data 
are expressed as mean and standard deviation

Variable G2x (n=28) G3x (n=25) P-value

Age (years) 67.6±5.3 67.0±5.6 0.71
Body mass (kg) 70.3±14.2 70.5±14.7 0.95
Height (cm) 155.6±5.6 157.3±7.5 0.24
Body mass index (kg/m2) 29.0±5.1 28.3±5.0 0.63

Notes: G2x, group that performed resistance training two times per week; 
G3x, group that performed resistance training three times per week.

×
×

Figure 2 Weekly training load (kg) during a resistance-training program in elderly 
women (n=53) according to resistance-training frequency.
Notes: *P0.05 vs previous week. There was a significant group-by-time interaction. 
Data are expressed as mean and standard deviation.
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Table 2 Flexibility (degrees) of different articular movements before and after 12 weeks of resistance training in elderly women

Joint movement G2x (n=28) G3x (n=25) ANOVA F P-value

Cervical flexion
Pre-training 56.6±9.2 57.5±11.1 group 0.12 0.74
Post-training 57.4±10.5 54.8±9.2 Time 0.67 0.42
effect size +0.08 -0.26 Interaction 2.55 0.12

Cervical extension
Pre-training 55.5±8.7 52.5±9.6 group 1.56 0.22
Post-training 66.1±11.2* 63.0±9.4* Time 63.3 0.001
effect size +1.06 +1.11 Interaction 0.01 0.96

Frontal hip flexion
Pre-training 83.1±16.3 78.7±15.5 group 0.02 0.90
Post-training 85.6±19.9 88.8±20.4* Time 6.79 0.01
effect size +0.14 +0.56 Interaction 2.46 0.01

Right hip flexion
Pre-training 60.9±12.1 62.9±19.9 group 0.63 0.43
Post-training 69.8±12.5* 72.9±14.3* Time 43.72 0.001
effect size +0.72 +0.58 Interaction 0.13 0.72

Left hip flexion
Pre-training 61.2±13.8 65.0±12.4 group 0.41 0.53
Post-training 76.9±12.0* 77.5±12.9* Time 133.42 0.001
effect size +1.21 +0.99 Interaction 1.69 0.20

Notes: G2x, group that performed resistance training two times per week; G3x, group that performed resistance training three times per week. *P0.05 vs pre-training. 
Data are expressed as mean and standard deviation.
Abbreviation: ANOVA, analysis of variance.

× × × ×

Figure 3 Absolute (A) and relative (B) changes between pre-training and post-training on skeletal muscle mass in elderly women (n=53) according to resistance-training 
frequency.
Notes: *P0.05 vs pre-training. Data are expressed as mean and standard deviation.

from an increased RT frequency, while all other flexibility 

outcomes were similar regardless of the number of weekly 

sessions. The fact that hip-flexion range of motion showed 

greater improvement when training was undertaken three 

times per week rather than twice per week has implications 

for exercise prescription. Hip flexion measures the flexibility 

of muscles in both the lumbar region and on the posterior 

thigh. These structures are highly relevant to the mobility of 

the torso and lower back, which has particular implications 

for functional capacity in the elderly.28 Moreover, hip flexibil-

ity is a predictor of low back pain, and is strongly associated 

with aging.29 The muscles of the low back and the hamstrings 

are considered to be particularly relevant to hip mobility.24 

Given that ES analysis showed the group with higher volume 

had a greater positive effect on skeletal muscle mass com-

pared with the lower volume group, it is conceivable that the 

associated increased strength of muscles surrounding the hip 

may have led to a greater improvements in flexibility.
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An analysis of the weekly “training load”, which refers 

to the load used to perform a given exercise, was adopted in 

this study as the muscular strength indicator. Analysis of the 

training load is an alternative and potentially more practical 

method  for  monitoring  muscular  strength  changes com-

pared with one repetition maximum test.30 Our results indicate 

that a greater RT frequency is associated with higher incre-

ments of specific muscle strength in the sum of exercises used 

(88% and 92%, for G2x and G3x, respectively). To date, as 

far as we are aware, only a few studies have investigated the 

effects of different training frequencies in older people,31–33 

with conflicting results. For example, both DiFrancisco-

Donoghue et al32 and Taafee et al33 showed similar increases in 

strength between programs with high (twice) and low (once) 

weekly training frequencies. Alternatively, Farinatti et al31 

investigated the effects of RT once, twice, and three times per 

week, and observed that higher frequencies promoted greater 

increases in strength for certain exercises (seated dumbbell 

curl and knee extension) but not for others (bench press and 

standing calf raise). The reasons for these discrepancies are 

not readily apparent and require further study.

No statistically significant differences in changes in 

skeletal muscle mass were noted between training two versus 

three times a week in the present study. However, thrice-

weekly training showed greater absolute increases compared 

with the twice-weekly condition (7.4% vs 4.4%, respectively) 

and the ESs were considerably larger when training three 

times a week as well (0.43 versus 0.21, respectively). There 

is compelling evidence for a dose–response relationship 

between training volume and muscle hypertrophy. In the 

present study, G3x performed three sets per muscle per week 

while the G2x group performed two sets per muscle per week. 

Thus, our findings suggest a potentially meaningful benefit to 

increasing the volume of training for a given muscle from two 

to three sets per week with respect to skeletal muscle mass. 

Considering the relatively short duration of our study, future 

research is recommended to determine the extent to which 

such differences in skeletal muscle mass would continue or 

perhaps narrow over time.

Some limitations to our study need to be addressed. The 

data found in our study are limited to the joint movements 

analyzed and time of training applied. It is possible that the 

range of motion of these joints might continue to increase 

if training were to exceed 12 weeks, and the results should 

not be extrapolated to populations other than older women. 

Moreover, the absence of monitoring the physical activity 

and dietary intake habits is a limitation as well. On the 

other hand, to our knowledge, the present study is the first 

to have investigated the effect of different RT frequencies 

on flexibility in older women. Our findings indicate that 

RT performed at a minimum of twice per week can result 

in positive effects on flexibility in the elderly, reversing or 

slowing the aging-induced losses.

Conclusion
The results of our study suggest that 12 weeks of RT 

improves or at least preserves the flexibility of different joint 

movements in older women. In addition, the higher frequency 

of RT induces greater increase in FHF. Further research is 

warranted to determine the underlying mechanisms for these 

changes.
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