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Abstract

Background. Perimenopause is often accompanied by declines in flexibility and balance, increasing the risk of falls
and reducing quality of life. Static and dynamic yoga are each linked to gains in flexibility and postural stability, but
no study has directly compared static, dynamic, and combined yoga to determine which approach most effectively
improves these outcomes in perimenopausal women.

Objectives. This study aimed to evaluate the effects of static, dynamic, and combined yoga practices on flexibility and
balance in perimenopausal women.

Materials and Methods. A three-arm randomized controlled trial allocated 36 perimenopausal women (1:1:1)

to static, dynamic, or combined yoga, delivered over six weeks (two 50-minute sessions per week). Flexibility was
measured with the sit-and-reach test (cm). Balance was measured with a timed beam-crossing test: participants
crossed a 2.5 m wooden beam at a self-selected pace, and crossing time (s; 60-second cap) was converted to a balance
score (60 — crossing time, in seconds); higher scores indicated better balance. The primary analysis was ANCOVA on
post-test scores, controlling for baseline (pre-test) values.

Results. Groups were equivalent at baseline (both p > 0.19). After controlling for baseline scores (ANCOVA), the
combined group showed significantly greater post-intervention flexibility and balance than the static group (both

p <0.001) and the dynamic group (flexibility, p = 0.007; balance, p < 0.001). No significant difference was observed
between static and dynamic yoga for either outcome (flexibility, p = 0.34; balance, p > 0.99; Bonferroni-adjusted);
given the small per-group sample (n = 12), the study was underpowered to detect this contrast, and equivalence
should not be inferred.

Conclusions. Combined static-dynamic yoga produced greater gains in flexibility and balance than either modality
alone in perimenopausal women. These findings suggest that combined yoga programs are a promising non-
pharmacological option for community-based physical activity strategies in this population; effects on fall incidence
and quality of life were not directly assessed and warrant dedicated future study.

Keywords: menopause transition, womens health, quality of life, physical function.

Introduction these declines are potentially modifiable, physical activity
interventions delivered during this transition may help
preserve functional capacity and independence (Martin-
Key et al., 2023). Establishing which forms of exercise most
effectively improve flexibility and balance in this population
is therefore a clinically relevant problem, not only a general
© Kumaat, N. A,, Mustar, Y. S., Pramono, B. A wellness question.
> 2N e it > o Yoga is a low-cost, accessible intervention with reported
Bandyopadhyay, N, Sulistyarto, ., & Wahyudi, H., 2026. benefits for flexibility and postural stability across age

(@ PECTl\él . groups (Gothe & McAuley, 2016; Krejéi et al., 2022). Static
7= LLCOV.

Perimenopause is a period of hormonal fluctuation
associated with declines in musculoskeletal flexibility
and postural balance, which increase fall risk and reduce
quality of life (Iwanowicz-Palus et al., 2019). Because
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asanas rely on sustained postural holds thought to lengthen
muscle-tendon units and reinforce isometric postural
control, whereas dynamic asanas use continuous, flowing
movement thought to train coordination and dynamic
balance through repeated joint excursions (Mancapara,
2020). Because these two modalities plausibly act through
different mechanisms, combining them has been proposed
to produce complementary, additive benefits (Khajuria et
al., 2023). However, existing studies have generally tested
a single yoga modality against a non-yoga control or no
intervention, rather than comparing static, dynamic, and
combined regimens against one another (Cramer et al,,
2012; Wang et al., 2020).

Consequently, it remains unclear whether combining
static and dynamic elements yields greater gains in flexibility
and balance than either modality practiced alone, or whether
the two modalities are functionally interchangeable. This
question is particularly unresolved in perimenopausal
women, for whom evidence directly comparing yoga
modalities is limited (Huang et al., 2025; Shete et al., 2026),
despite this population’s elevated fall risk and clear rationale
for targeted intervention.

Therefore, this study aimed to directly compare the effects
of static, dynamic, and combined yoga on flexibility and
balance in perimenopausal women. We hypothesized that
the combined program would produce greater improvements
in both outcomes than either single-modality program,
reflecting the additive engagement of complementary static
and dynamic mechanisms, while static and dynamic yoga
alone would produce comparable gains.

Materials and Methods

Participants

Thisstudyuseda three-group parallel-group randomized
controlled trial (1:1:1 allocation) to compare the effects of
static, dynamic, and combined yoga on flexibility and balance
in women undergoing the perimenopausal transition. Thirty-
six healthy women aged 40 to 50 years in the perimenopausal
phase were recruited. Perimenopausal status was determined
by self-reported menstrual history, defined as menstrual
cycle irregularity (variation in cycle length of more than 7
days or at least one skipped period) within the preceding
12 months, in the absence of hysterectomy, oophorectomy,
or current use of hormone replacement therapy; hormonal
assays (e.g., follicle-stimulating hormone) were not
performed. Eligible participants met the following criteria:
aged 40-50 years, in the perimenopausal phase, and free
from musculoskeletal injury or other medical conditions that
would contraindicate exercise; women with such conditions
were excluded. Eligible women were screened and enrolled,
then randomly allocated to one of the three groups (n= 12
each) using block randomization to ensure equal group sizes.
The random allocation sequence was computer-generated
using Microsoft Excel by a research assistant who was not
involved in outcome assessment, using a block size of 6,
with each block comprising two allocations to each of the
three groups; the sequence of allocation within each block
was generated using Microsoft Excel's RAND() function and
was not altered after generation. Allocation was concealed
using sequentially numbered, sealed opaque envelopes until

participants were assigned to the intervention groups. Due
of the nature of the intervention, participants and instructors
could not be blinded. However, the outcome assessor
was blinded to group allocation. Baseline demographic
characteristics were comparable between groups (see
Results, Table 2). The study protocol was approved by the
STIKES Guna Bangsa Health Research Ethics Committee
(Approval Number: 026/KEPK/V1/2026) and conducted in
accordance with the Declaration of Helsinki and is reported
in line with the CONSORT guidelines (Figure 1).

Assessed for eligibility (n = 36)
!
Randomized (n = 36)
!

Allocated to Combined
(n=12); received (n=12)

Allocated to Static Yoga
(n=12); received (n = 12)

Allocated to Dynamic Yoga
(n=12); received (n = 12)

1

Lost to follow-up (n = 0)
Analyzed (n = 12)

Lost to follow-up (n = 0)
Analyzed (n = 12)

Lost to follow-up (n = 0)
Analyzed (n=12)

Fig. 1. CONSORT 2010 participant flow diagram.

Study Organization

The yoga intervention lasted for six weeks with two
sessions per week, each lasting 50 minutes. Following
baseline assessments, the six-week yoga intervention was
administered. Each group underwent a different type of yoga
intervention: the static yoga group performed a sequence
of asanas with static movements (poses held) according
to traditional yoga principles, the dynamic yoga group
practiced asanas in a flowing sequence of movements, and
the third group received a combined yoga regimen that
alternated between static and dynamic asanas. For the static
yoga group and combined yoga group postures (static part)
of each asana, The hold is maintained for 10-20 seconds
during weeks 1-2 and increased to 10-30 seconds from
weeks 3 to 6, followed by proper breathing technique. In
the case of the dynamic yoga group and the combined yoga
group (dynamic part), the posture of asanas was performed
continuously with a range of 3 to 10 rounds (Dynamic
Group 5-10 rounds, Combined group 3-6 rounds). A round
is counted when the participants perform each asana once,
one after another, in a sequence. Details of the intervention
programs are presented in Table 1.

In the first and second weeks, the static yoga group
focused on maintaining postures for extended periods,
such as Vajrasana, Supta Vajrasana, and Tadasana, and
other mentioned asanas aimed at enhancing flexibility and
body balance by elongating muscles and stabilizing posture,
while the dybamic yoga group performed, the same asanas
in a continuous manner without holding the postures. The
continuous lengthening and shortening of muscles attached
to various joints focussed on improving blood circulation,
body strength, agility, and balance. The combined yoga group
included both static and dynamic elements, performing
asanas like Vajrasana, Supta Vajrasana, and Trikonasana,
which mixed static and dynamic movements to improve
balance and flexibility. In the third and fourth weeks, the
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Table 1. 6-week yoga programs for perimenopausal women

Week Part of training

Core Movement Types per Group

Static Yoga Dynamic Yoga Combined Yoga
1-2  Warming up: 10  Stretching and bending Stretching and bending Stretching and bending exercises
min exercises (Toe bending, exercises (Toe bending, Ankle  (Toe bending, Ankle bending, Wrist
Ankle bending, Wrist bending, Wrist stretching, stretching, Finger stretching, Elbow
stretching, Finger stretching,  Finger stretching, Elbow stretching).
Elbow stretching). stretching).
Main Part: Sitting: Vajrasana, Supta Sitting: Vajrasana, Supta Sitting: Vajrasana, Supta Vajrasana,
30 - 40 min Vajrasana, Pascimottanasana  Vajrasana, Pascimottanasana Pascimottanasana
Standing: Tadasana, Standing: Tadasana, Standing: Tadasana, Trikonasana,
Trikonasana, Trikonasana, Parshvakonasana  Parshvakonasana
Parshvakonasana Lying on back: Lying on back: Pavanamuktasana,
Lying on back: Pavanamuktasana, Padottanasana
Pavanamuktasana, Padottanasana
Padottanasana
Round= 1-3 times Round = 5-10 times * For Static part
Holding time=10-20 sec. in ~ Holding time=Nil Round= Once
each asana* (continuously) Holding time= 10-20 sec. in each asana*
+
For Dynamic part
Round-= 3-6 times*
Holding time= Nil (continuously)
Cooling down: ~ Loosening & Sabasana Loosening & Sabasana Loosening & Sabasana
5 -6 min
3-4  Warming up: 10  Stretching and bending Stretching and bending Stretching and bending exercises
min exercises (Toe bending, exercises (Toe bending, Ankle  (Toe bending, Ankle bending, Wrist
Ankle bending, Wrist bending, Wrist stretching, stretching, Finger stretching, Elbow
stretching, Finger stretching, ~Finger stretching, Elbow stretching).
Elbow stretching). stretching).
Main Part: Sitting: Janusirsasana, Sitting: Janusirsasana, Sitting: Janusirsasana, Upavistakonasana
30 - 40 min Upavistakonasana Upavistakonasana Standing: Tadasana, Poorvatanasana
Standing: Tadasana, Standing: Tadasana, Lying on back: Pavanamuktasana,
Poorvatanasana Poorvatanasana Padottanasana
Lying on back: Lying on back:
Pavanamuktasana, Pavanamuktasana,
Padottanasana Padottanasana
Round = 1-3 times* Repetition 5-10* times For Static part
Holding time=10-30 sec. in ~ Holding time= Nil Round= Once
each asana* (continuously) Holding time= 10-30 sec. in each asana*
+
For Dynamic part
Round = 3-6 times*
Holding time= Nil (continuously)
Cooling down: ~ Loosening & Sabasana Loosening & Sabasana Loosening & Sabasana
5 - 6min
5-6 Stretching and bending Stretching and bending Stretching and bending exercises

Warming up: 10
min

Main Part:
30 - 40 min

Cooling down:
5 -6 min

exercises (Toe bending,
Ankle bending, Wrist
stretching, Finger stretching,
Elbow stretching).

Sitting: Baddhakonasana,
Ashvinimudra

Standing: Tadasana,
Parshvakonasana

Lying on stomach:
Bhujangasana, Shalabhasana
Round= 1-3 times*

Holding time=10-30 sec. in
each asana*

Loosening & Sabasana

exercises (Toe bending, Ankle
bending, Wrist stretching,
Finger stretching, Elbow
stretching).

Sitting: Baddhakonasana,
Ashvinimudra

Standing: Tadasana,
Parshvakonasana

Lying on stomach:
Bhujangasana, Shalabhasana
Round = 5-10* times
Holding time= Nil
(continuously)

Loosening & Sabasana

(Toe bending, Ankle bending, Wrist
stretching, Finger stretching, Elbow
stretching).

Sitting: Baddhakonasana, Ashvinimudra
Standing: Tadasana, Parshvakonasana
Lying on stomach: Bhujangasana,
Shalabhasana

For Static part

Round= Once

Holding time=10-30 sec. in each asana*
+

For Dynamic part

Rounds = 3-6 times*

Holding time= Nil (continuously)
Loosening & Sabasana

Note. *- Repetition as per the individual capacity of the participants.
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static yoga group practiced asanas such as Janusirsasana and
Poorvatanasana, which aimed to further improve flexibility.
The dynamic yoga group, meanwhile, concentrated on
performing the same asanas in a continuous manner with
5-10 rounds. During this time, the combined yoga group
alternated between static and dynamic elements, using
asanas such as Janusirsasana, Upavistakonasana, and
Poorvatanasana to improve the body’s overall flexibility
and strength. In the fifth and sixth weeks, the static yoga
group focused on asanas such as Baddhakonasana and
Ashvinimudra to improve flexibility, stability, and balance.
Meanwhile, the dynamic yoga group performed the same
asanas on an ongoing basis aimed at strengthening muscles
and improving circulation. In recent weeks, the combined
yoga group alternated between static and dynamic asanas,
including Baddhakonasana, Ashvinimudra, Tadasana,
Parshvakonasana, and Bhujangasana, to provide overall
benefits to the body. The program aims to improve flexibility,
strength, and balance through a structured and progressive
approach (Table 1).

The total duration of each session was kept constant
among the three groups (50 minutes per session, two sessions
per week, for six weeks), but the internal composition of
the intervention differed by design. During weeks 1-2, the
static group performed eight asanas for 1-3 rounds, with
each posture held for 10-20 seconds, corresponding to
approximately 80-480 seconds of cumulative static holding
per session. The dynamic group performed the same eight
asanas continuously for 5-10 rounds, corresponding
to approximately 40-80 repetitions per session. The
combined group performed the eight asanas once as a
static component, corresponding to approximately 80-160
seconds of cumulative static holding, and 3-6 rounds as a
dynamic component, corresponding to approximately 24-48
repetitions per session. During weeks 3-6, the programmes
comprised six asanas. The static group performed 1-3
rounds with 10-30-second holds, corresponding to
approximately 60-540 seconds of cumulative static holding
per session, whereas the dynamic group performed 5-10
rounds, corresponding to approximately 30-60 repetitions
per session. The combined group performed one static
round, corresponding to approximately 60-180 seconds
of cumulative static holding, plus 3-6 dynamic rounds,
correspondingtoapproximately 18-36repetitionspersession.
These ranges represent the prescribed intervention protocol
rather than an exact delivered dose, because the number of
rounds and repetitions was adjusted according to individual
participant capacity. Thus, although session duration and
frequency were standardized, the three programmes were
not matched for absolute static holding time or dynamic
repetition volume. The greater improvements observed in the
combined group therefore cannot be interpreted as evidence
of an additive effect attributable solely to combining static
and dynamic modalities. This dose asymmetry is recognized
as a limitation when interpreting the comparative effects of
the three programmes.

Furthermore, each participant underwent their physical
measurements, focusing on two outcomes: flexibility and
balance. Measurements were taken at two time points: pre-
test (basic, before week 1) and post-test (after the last session
in week 6). Flexibility was measured using a sitting and reach
test following the standard protocol of the YMCA (Golding

et al., 1982). Participants sat with their feet straight and
heels aligned 5 cm from the zero point of the scoreboard,
then reached forward as far as possible without bending the
knees. Each participant completed two trials, and a higher
value (cm) was recorded. Balance was assessed using a time-
crossing test on a wooden block (2.5 m long, 20 cm high,
10 cm wide). Participants start with a standing position at
one end of the block and are instructed to walk along the
full block at a self-selected speed without stepping down;
The trial is stopped, and a maximum time of 60 seconds is
recorded if the participant steps down from the block before
reaching the far end. Each participant completed two trials
with a previous familiarization trial to reduce the learning
effect (Muehlbauer et al., 2024); the faster (shorter) crossing
time of the two trials was maintained as the main variable
recorded, in seconds. For reporting and analysis, these
crossing times were converted into balance scores using the
formula: score = 60 — crossing time (in seconds), so that
higher scores reflect faster and more stable crossings; the
transformed balance score (in seconds) was the one reported
inall tables. All measurements were taken by the same trained
and outcome-blind raters at both time points to minimize
variation between raters. All 36 participants completed the
six-week intervention with no exit (0% attrition) and no
adverse events were reported. Overall participant attendance
was excellent, with a mean of 11.97 out of 12 scheduled
sessions attended (SD = 0.17; 99.8%): Static group = 12 +
0.0, Dynamic group = 12.0 + 0.0, Combined group =11.9 +
0.3 sessions. One participant in the combined group missed
one session due to work commitments; all other participants
attended each session.

Statistical Analysis

AllanalyseswereconductedinIBM SPSS Statisticsversion
29. Descriptive statistics (mean + SD with 95% confidence
intervals based on the t-distribution) were computed for
each group. Normality was assessed with the Shapiro-Wilk
test and homogeneity of variance with Levene’s test on the
change (post — pre) scores; both assumptions were satisfied
foralloutcomes (Table 4). Baseline equivalenceamonggroups
was examined with one-way ANOVA on pre-test scores.
Because the primary research question concerns between-
group differences in post-intervention outcomes after
accounting for any residual baseline variation, the primary
analysis was analysis of covariance (ANCOVA) on post-
test scores, with group as the fixed factor and pre-test score
as the covariate; significant omnibus effects were followed
by pairwise contrasts of adjusted means with Bonferroni
correction for three comparisons. Assumptions specific
to the ANCOVA model were assessed directly, including
homogeneity of regressions slopes (Group x baseline-
covariate interaction) and diagnostics of the model residuals
(normality, homogeneity of variance, independence via the
Durbin-Watson statistic, and influentioal-case screening via
studentized residuals and CooKk’s distance). Because baseline
demographic comparisons revelaed a significany between-
group difference in age, a sensitiity ANCOVA additionally
adjusting for age was conducted for both outcomes. As a
secondary, sensitivity analysis, within-group pre to post
changes were also tested with paired sample t-tests (effect
sizes expressed as Cohen’s d with 95% confidence intervals),
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and between-group differences in the magnitude of change
were evaluated with one-way ANOVA on change scores
followed by Tukey’s HSD post hoc comparisons, to confirm
that conclusions were not dependent on the choice of model.
As a further robustness check, the non-parametric Kruskal-
Wallis test was performed on the change scores. Statistical
significance was set at p < 0.05.

Results

Table 2. General Characteristics of participants

N =36
Variable Static (n = 12) ]?Ktaigi)c C(onmzbilgjd
Age, years 49.33 + 0.88 49.58 £ 0.67 48.08 £ 1.56
Body weight, kg 56.75+14.68 56.83 +5.31 52.33 +8.95
Height, cm 149.67 £ 3.31 14758 £491 151.92 £8.25
BMI, kg/m2 25.38 £6.69 26.15+2.72  22.71+£3.73

Baseline demographic characteristics are summarized
in Table 2. One-way ANOVAs comparing the three
groups revealed a statistically significant difference in age,
F(33 = 6.12, p = 0.006; Tukey-adjusted post hoc comparisons
showed the Combined group (48.08 + 1.56 years) was
significantly younger than both the Static group (49.33
+ 0.88 years; p = 0.028) and the Dynamic group (49.58 *
0.67 years; p = 0.006), while Static and Dynamic did not differ
(p = 0.780). not other baseline demographic variable differed
significantly between group: body weight, F, 33 = 0.59,
p = 0.560; height, F, 5 = 1.80, p = 0.180; BML, F, 53 = 1.53,
p = 0.230. No Statistically significant baseline differences
were observed for the primary outcomes, flexibility (F, ;3 =
1.71,p=0.197,1> = 0.094) or balance (F, 55 = 1.23, p = 0.305,
n*=0.069). Because age differed significantly between groups
despite randomization, a sensitivity ANCOVA including
both the baseline outcome value and age as covariates was
conducted for the primary outcomes (see Results, following
Table 5) to assess whether this imbalance confounded the
intervention effect.

Table 3. Flexibility and balance before and after the
intervention

As shown in Table 3, mean flexibility and balance
increased from pre-test to post-test in all three intervention
groups. The largest mean increase was observed in the
combination group for both flexibility (from 19.77 to
22.73 cm) and balance (from 19.61 to 22.89 s).

Table 4. Tests of normality and homogeneity of variance

Shapiro-Wilk,
W (p)
0.911 (0.220)

Outcome Group Levene’s F (p)

Flexibility (cm) Static 2.289 (0.117)

Dynamic 0.950 (0.631) -
Combined 0.911 (0.223) -
Balance (s) Static 0.965 (0.857) 2.366 (0.110)
Dynamic 0.897 (0.144) -
Combined 0.891 (0.120) -

Note: W, Shapiro-Wilk statistic; F, Levene’s test statistic.

Before the primary ANCOVA, the assumptions for
parametricanalysis were assessed using the Shapiro-Wilk test
for normality and Levene’s test for homogeneity of variances
(Table 4). No significant departures from normality were
observed for flexibility or balance in any intervention group
(all p > 0.05). Levene’s test also indicated homogeneous
variances for flexibility (p = 0.117) and balance (p = 0.110).
In addition to these preliminary checks, the assumptions
specific to the ANCOVA model itself were assessed directly
(Table 5): the homogeneity of regression slopes assumption
was tested via the Group x baseline covariate interaction
and was not significant for either outcome (flexibility:
Fa9 = 0.745, p = 0.484; balance: F(,,5 = 0.362, p = 0.699),
supporting the standard common slope ANCOVA model.
residual of the primary ANCOVA models were normally
distributed (Shapiro-Wilk: flexibility W = 0.963, p = 0.268;
balance W = 0.952, p = 0.116) and homoscedastic (Levene’s
test: flexibility F = 1.83, p =0.176; balance F=2.01, p=0.151),
with no evidence of autocorrelation (Durbin-Watson:
flexibility d = 1.98; balance d 2.04, both within the acceptable
range of 1.5 - 2.5) and no influential cases (all studentized
residuals < 3.0 and Cook’s distances < 1.0). These findings
supported the use of the planned parametric ANCOVA.

Table 5. Diagnostic assessment of the primary ANCOVA
model assumptions

Outcome Group Pre, Mean + SD Post, Mean + SD
(n=12) (95% CI) (95% CI) Diagnostic Flexibility Balance
Flexibility (cm) Static Yoga 20.95 + 1.65 22.74 £ 1.70 Group x baseline interaction F(2,29) = 0.745, F(2,29) = 0.362,
(19.90-22.00)  (21.66-23.83) p=.484 p=.699
Dynamic Yoga 20.27 +1.31 22.47 £1.26 Shapiro-Wilk W =0.963, W =0.952,
(19.43-21.10)  (21.66-23.27) p=.268 p=.116
Combined 19.77 £ 1.72 22.73 £1.67 Levene’s test F=1.83 F=201
(18.67-20.86)  (21.67-23.79) p=.176 p=.151
Balance (s) Static Yoga 19.73 £ 1.39 21.81 £0.99 Durbin-Watson d=1.98 d=2.04
(18.85-20.62)  (21.17-22.44) ‘ .
Dynamic Yoga  20.48 + 1.52 2232 + 132 Influential observations None None
(19.51-21.44)  (21.48-23.15) Note: Durbin-Watson values of 1.5-2.5 were considered
Combined 19.61 £ 1.48 22.89+1.38 acceptable; influential observations were assessed using

(18.67-20.55)  (22.02-23.77)

Note: Values are mean + SD (95% CI); CI, confidence interval; SD,
standard deviation.

studentized residuals and Cook’s D.

After adjustment for pre-intervention values, significant
between-group differences were observed for flexibility

970



Kumaat, N. A., Mustar, Y. S., Pramono, B. A., Bandyopadhyay, N., Sulistyarto, S., & Wahyudi, H. (2026). Static and Dynamic Yoga Asanas
vs Combined Yoga: Which is More Effective for Enhancing Flexibility and Balance in Perimenopausal Women?

Table 6. ANCOVA results for flexibility and balance adjusted for baseline

Group (Mean + SE)
Outcome F df P Partial n*
Static Dynamic Combined
Flexibility (cm) 11.807 2,32 <0.001 22.16 £ 0.16 22.52+0.16 23.26 £0.16 0.425
Balance (s) 13.188 2,32 <0.001 21.96 +0.19 21.93 £0.19 23.13+0.19 0.452

Note: Values are adjusted means + SE; SE, standard error.

(F(2,32) = 11.807, p < 0.001, partial n*> = 0.425) and
balance (F(2,32) = 13.188, p < 0.001, partial n* = 0.452).
The combination group had the highest adjusted mean for
flexibility (23.26 cm) and balance (23.13 s), followed by the
dynamic and static groups for flexibility, while the adjusted
means of the static and dynamic groups were similar for
balance (Table 6).

Table 7. Sensitivity ANCOVA for flexibility and balance
adjusting for baseline value and age

F (Group, adjusted

. 2
Outcome e e o) df p Partialn

Flexibility (cm) 10.21 2,31 <0.001 0.398

Balance (s) 11.58 2,31 <0.001 0.428

Furthermore, because age differed significantly between
groups at baseline (see Table 2), a sensitivity ANCOVA
was conducted for both outcomes with baseline (pre - test)
outcome value and age entered as covariates, to evaluate
whether the observed group effect was confounded by this
imbalance. The primary ANCOVA model (baseline outcome
value only) remains the model on which our main conclusions
are based, consistent with the pre - specified hypothesis
concerning the effect of the intervention independent of
baseline performance; age is examined here as a robustness
check for potential confounding. The group effect on post -
intervention scores remained significant and of comparable
magnitude after adjusting for age: flexibility F, 5, = 10.21,
p < 0.001, partial n* = 0.398; balance F, 5,y = 11.58, p < 0.001,
partial > = 0.428. This indicates that the observed advantage
of the Combined programme is not attributable to the
baseline age imbalance (Table 7).

Bonferroni-adjusted pairwise comparisons are
presented in Table 8. For flexibility, the combination group
had a significantly higher adjusted mean than the static
group (mean difference = —1.095 cm, p < 0.001) and the
dynamic group (mean difference = —0.733 cm, p = 0.007).

p = 0.344). For balance, the combination group also had
a significantly higher adjusted mean than the static group
(mean difference = —-1.174 s, p < 0.001) and the dynamic
group (mean difference = —1.206 s, p < 0.001). The static and
dynamic groups did not differ significantly (mean difference
=0.032s, p > 0.999).

Table 9. Changes in flexibility and balance and effect sizes

Outcome Group MeanA+SD p ?90 5}:’/?111(2’81()1
Flexibility  Static 1.79 + 038 <0.001 4.68 (2.49-6.88)
(cm) Dynamic 220+ 0.58 <0.001 3.7 (1.96-5.58)

Combined 297 +0.62 <0.001 4.76 (2.53-7.00)
Balance (s) Static 2.08 +0.60 <0.001 3.47 (1.78-5.15)
Dynamic ~ 1.84%0.63 <0.001 2.92 (1.46-4.38)
Combined 3.28+0.97 <0.001 3.40 (1.74-5.05)

Note: A, post-test — pre-test; SD, standard deviation; CI,
confidence interval.

Within-group changes are shown in Table 9. All three
intervention groups demonstrated significant pre- to
post-intervention increases in flexibility and balance (all
p <0.001). The combination group showed the largest mean
change in flexibility (A = 2.97 cm) and balance (A = 3.28 s).
Cohen’s d values were large across all within-group
comparisons, ranging from 2.92 to 4.76.

Table 10. Between-group differences in change

Outcome F df p n’ (95% CI)
Flexibility (A, cm) 14.655 2,33  <0.001 0.470 (0.189-0.620)
Balance (A, s) 12.757 2,33 <0.001 0.436 (0.155-0.594)

Note: A, post-test — pre-test; n%, eta-squared; CI, confidence
interval.

As a sensitivity analysis, one-way ANOVA of change

No significant difference was observed between the static

and dynamic groups (mean difference = —0.362 cm, scores (Table 10) confirmed significant

Table 8. Bonferroni-adjusted pairwise comparisons between intervention groups

between-group

Outcome Comparison Mean difference SE t df p (adjusted)
Flexibility (cm) Static vs Combined -1.095 0.230 —4.752 32 <0.001
Dynamic vs Combined -0.733 0.221 -3.310 32 0.007
Static vs Dynamic -0.362 0.223 -1.622 32 0.344
Balance (s) Static vs Combined -1.174 0.264 —4.445 32 <0.001
Dynamic vs Combined -1.206 0.272 —4.430 32 <0.001
Static vs Dynamic +0.032 0.270 0.119 32 >0.999

Note: SE, standard error; df, degrees of freedom; p (adjusted), Bonferroni-adjusted p-value.
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Table 11. Tukey-adjusted pairwise comparisons of change

Outcome Comparison Mean difference q (TuIl,(ey) 95% CI Cohen’s d
Flexibility (A, cm) Static vs Dynamic -0.41 2.62 0.169 -0.95t00.13 -0.756
Static vs Combined -1.18 7.54 <0.001 -1.72 to -0.63 -2.177
Dynamic vs Combined -0.77 4.92 0.004 -1.31t0-0.23 -1.420
Balance (A, s) Static vs Dynamic +0.23 1.08 0.729 —-0.52 t0 0.99 0.311
Static vs Combined -1.21 5.58 0.001 —1.96 to —0.46 -1.610
Dynamic vs Combined -1.44 6.65 <0.001 -2.19 to —0.69 -1.921

Note: A, post-test — pre-test; q, studentized range statistic; p (Tukey), Tukey-adjusted p-value; CI, confidence interval.

differences for flexibility (F, 13 = 14.655, p < 0.001, 1> = 0.470)
and balance (F, 33 = 12.757, p < 0.001, n* = 0.436). These
findings were consistent with the primary ANCOVA.

The Tukey-adjusted comparison (Table 11) also showed
that the combination group showed greater changes in
flexibility than the static group (p < 0.001) and the dynamic
group (p = 0.004). For equilibrium, the combination group
also showed a greater change than the static group (p =0.001)
and the dynamic group (p < 0.001). No significant difference
was found between the static and dynamic groups for
flexibility (p = 0.169) or balance (p = 0.729).

Table 12. Kruskal-Wallis sensitivity analysis of change

Outcome H df P
Flexibility (A, cm) 17.713 2 <0.001
Balance (A, s) 11.349 2 0.003

Note: A, post-test — pre-test; H, Kruskal-Wallis test statistic.

The non-parametric sensitivity analysis yielded
consistent omnibus findings (Table 12), with significant
between-group differences for flexibility (H = 17.713, df = 2,
p <0.001) and balance (H = 11.349, df = 2, p = 0.003).

Discussion

This randomized controlled trial evaluated the effects of
static, dynamic, and combined yoga regimens on flexibility
and balance in perimenopausal women. Participants
who completed the combined protocol achieved greater
improvements in both outcomes compared to those
practicing only static or dynamic yoga, likely reflecting
broader muscle recruitment and concurrent improvements
in joint range of motion. These results align with evidence
reported by (Luo & Huang, 2023); yoga interventions have
demonstrated positive effects on physical parameters such as
flexibility and balance, as well as on the overall psychological
wellbeing and hormonal balance of perimenopausal women
(Cramer et al., 2012; Naragatti, 2025), support the use of
combined yoga as a viable and effective modality.

An important observation is the absence of a statistically
significant difference between the static and dynamic yoga
groups for both outcomes (ANCOVA, Bonferroni adjusted:
flexibility p = 0.344; balance p > 0.999; consistent with change
score sensitivity analyses: flexibility p = 0.169; balance
p = 0.729). Since both modalities employed identical asana
sequences and differed primarily in execution (sustained
holdsversus continuous flow), the underlying neuromuscular

stimuli may be functionally equivalent consistent with
findings by (Matsuo et al., 2019), who observed no difference
between staticand dynamic stretching of equal total duration.
Furthermore, the six week, twice weekly frequency may
have been insufficient to elicit modality specific adaptations;
(Shin, 2021) reported that yoga programs lasting 9-12 weeks
yielded larger effect sizes (RS = 0.70) compared to those
lasting less than eight weeks (ES = 0.54). With only 12
participants per group and observed power below 50% for
both comparisons (see limitations), the study was likely
underpowered to detect the observed static versus dynamic
differences (d = -0.756 for flexibility, d = 0.311 for balance);
this lack of significant difference should not be interpreted as
evidence of equivalence between the two modalities. Future,
larger, and longer duration trials are needed to clarify theses
modalities are truly comparable or subtly different.
Middle-aged women who enter perimenopause often
experience physical decline that directly interferes with
health-related quality of life (Iwanowicz-Palus et al., 2019; Liu
et al,, 2025; Liu et al,, 2023), making non-pharmacological
interventions valuable. A randomized trial conducted by
(Abi¢ & Yilmaz Vefikulugay, 2024) found that a twice-weekly,
ten-week yoga programme significant reduced Menopause
Assessment Scale (MRS) symptom severity score from 16 to 5,
with a p <0.05. Consistent yoga practice has also been linked
to improved psychological health, quality of life, and daily
physical functioning (Bandyopadhyay et al., 2025). Programs
that combine static and dynamic postures have been shown
to improve joint flexibility and mobility (Ikeda et al., 2026;
Warneke et al., 2025) and a structured curriculum specifically
improves torso flexibility, thereby maintaining mobility,
reducing the risk of falls, and supporting general physical
performance (Bindawas et al., 2026; Zhong et al., 2024).
Greater balance improvement in the combination
group compared to the static yoga and dynamic yoga groups
suggests that the combination of both forms of exercise
provides a more optimal stimulus for posture control. This
is important in perimenopausal women because hormonal
changes and decreased bone mineral density during the
menopausal transition period increase the risk of balance
disorders, falls, and fractures (Starrach et al., 2022).
Therefore, interventions that are able to improve postural
stability have an important role in maintaining physical
function in this group (Wei et al., 2023). Yoga may improve
postural stability through enhanced proprioception, muscle
strengthening and vestibular-visual integrating (Jeter, Haaz
Moonaz, et al., 2015; Lin et al., 2022; Verma et al., 2023). The
integration of asanas, breathing techniques, and meditation
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may provide complementary stimuli for flexibility, muscle
strength, posture control, and neuromuscular coordination.
This is consistent with (Harrington, 2025) and a meta-
analysis by (Shin, 2021), which report that yoga practice
consistently improves balance, mobility, muscle strength,
and flexibility as key components of physical function.

Although combined yogas superiority is broadly
consistent with existing literature, some discrepancies
warrant discussion. (Petty et al.,, 2022) similarly found
no significant differences between static and dynamic
yoga six weeks, but in young adults (mean age = 20 years)
with different baseline neuromuscular characteristics and
hormonal profiles from perimenopausal women, limiting
direct comparability. Conversely, (Bhowmik Bhunia &
Ray, 2024) reported continued gains through 12-week in
young males, though improvements slowed once training
shifted from asana-dominant to breathing-focused sessions,
suggesting a non-linear dose-response relationship.
Furthermore, (Abi¢ & Yilmaz Vefikulugay, 2024) similarly
found greater symptom reduction with a 10-week yoga
programme in menopausal women. Together, these
finding indicate that yoga’s effects depend on population
characteristics, intervention duration, session frequency,
and the specific balance of static, dynamic, and breathing
components within the programme.

These findings have practical implications for
practitioners and policymakers. Given the advantages of
combined protocols regarding flexibility and measurable
balance, clinicians should consider integrated programs
that incorporate both static and dynamic postures, aligning
with World Health Organization (WHO) guidelines that
recommend multicomponent balance, strength, and
flexibility exercises at least three days a week for older adults
(WHO, 2020). Since Flexibility and balance are closely
linked to fall risk, combined yoga exercises could serve
as a promising, low-cost, non-pharmacological addition
to community-based fitness programs; however, as the
incidence of falls was not directly measured in this study, the
potential for fall prevention remains an implication for future
research rather than an empirically proven outcome. Single
modality programs remain a viable option if implementing
combined exercises is not feasible.

This study is limited by its modest sample size (n = 12
per group) and short duration, which may not have fully
captured physiological adaptations. A post hoc sensitivity
analysis indicated that, at this sample size, statistical power to
detect the observed static-versus-dynamic contrasts was low
(approximately 43% for flexibility, d = 0.76; approximately
11% for balance, d = 0.31); detecting these effect sizes at 80%
power would require approximately 29 and 164 participants
per group, respectively. The non-significant static-versus-
dynamic comparisons should therefore be interpreted as
inconclusive rather than as evidence that the two modalities
are equivalent. In addition, the three programs were not
matched for absolute training dose (see Intervention dose,
above), lower-extremity and core muscle strength and
neurophysiological indicators of sensorimotor control were
not assessed, and fall incidence and quality-of-life outcomes
were not directly measured. Future research should
incorporate a priori power calculations, dose-matched
comparison arms, direct neuromuscular and fall-incidence
measures, and longer follow-up with larger samples.

Conclusions

Perimenopausal women who participated in a
combination of static and dynamic yoga for six weeks
showed greater improvements in measured flexibility and
balance than those who participated in static or dynamic
yoga separately, after accounting for baseline differences.
These findings represent an initial step toward developing
exercise strategies to maintain physical function during
the perimenopausal transition; because fall incidence and
quality of life were not directly assessed, their relationship
to these outcomes should be examined in future studies
before combined yoga is recommended specifically as a fall-
prevention intervention.
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CraTnyHi Ta ANHaMiYHi acaHN NOrn NOPIiBHAHO

3 KOMGiHOBaHOI0 NOrolo: WO € ePeKTUBHILWNM

ANA NOKpaleHHA rHY4YKOCTi Ta piBHOBarmu

y XKiHOK y nepumeHonaysi?

Hooptxe Anita Kymaar'4BPE, €r1i Centiani Myctap'**“P, Baio Aryur IIpamono'4*P,
Hira Banppitonangx’ait**P, Coni Cymictapro'4PE, Xepi Bax’roni'® "

"VuiBepcurer Herepi Cypabas

*YuiBepcurer Kanbsui

ABTOpPCHKMIT BKIAJ: A — Am3aiitH gocmipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip kowtis

Pedepar. Crarts: 11 c., 12 tabn., 1 puc., 30 mxeper.

IlepemymoBu. [leprmMenonaysa 4acTo CynpOBOJI)KY€ETbCA 3HVDKEHHAM THYYKOCTI Ta 34aTHOCTI MiATPUMYBaTH PiBHOBATY, 110
HiBUINY€E PU3UK MafiHb 1 3HIDKYE AKICTb XXUTTA. SIK CTaTU4HA, TaK i AMHAMIYHA Jiora OB sI3aHi 3 MOKPALIEHHAM THYYKOCTI Ta
HOCTYPA/IbHOI CTIIKOCTI, OfHAK [JOCTI/)KeHb, Y SIKUX 6e3110CepeHbO ITOPIBHIOBA/IN O CTATUYHY, AMHAMIYHY Ta KOMOIHOBaHY j10Ty
3 METOIO BI3HAYECHHs Hal61/1bI e(heKTUBHOrO MiAXOAY /I IOKPAIeHH [{UX [IOKa3HIKIB y XIHOK y IlepMMeHOIIaysi, paHiire He
IIPOBOJIMTIN.

Mera. OuiHNTK BIUIMB CTATUYHOI, AMHAMIYHOI Ta KOMOIHOBAHOI IIPAKTMKM JIOTM HA THYYKICTD 1 PIBHOBAry y >KiHOK Y
nepruMeHonaysi.

Marepianu Ta MeTogu. Y TPUIPYIOBOMY PaHJOMi30BaHOMY KOHTPO/IbOBAHOMY HOC/I/KeHHi 36 JKiHOK y IepuMeHONaysi
6ynu posmopineHi y cuiBifgHomenHi 1:1:1 Ko rpyn cratmyHoOi, AuHaMivyHOi a60 KoMbiHOBaHOI jtorn. IIporpama TpuBaa LICTb
TVDKHIB 1 nepen6aqana nBa 50-XBWIVMHHI 3aHATTA HA TVOKEHDb. [HYYKiCTh OL[iHIOBaIM 3a JOIOMOIOI TECTY «HAXWJI yIepe[ CU-
asum» (cMm). PiBHOBary Bu3Havamu 3a pesynbTaTaMI TeCTY IIPOXO/PKEHH: IO TIMHACTWUYHIIN JIaBi 3 peecTpalji€lo Yacy: yJacHuUIi
IOV JiepeB’siHY OIIOPY 3aBIOBXKKM 2,5 M y CAMOCTIiITHO 0OpaHOMY TeMIli, a 4ac MPOXOMKEHHI (C; MaKCUMaIbHIIT Yac — 60 ¢)
IepepaxoByBaIl y IOKa3HUK piBHOBAru 3a popmysor 60 — 4ac mpoxopKeHH: (C); BULI 3SHaYeHHs BiITIOBigamM Kpariil piBHOBa-
3i. OcHOBHMII aHas1i3 mpoBoAuIM 3a fonnoMororo ANCOVA 11714 TOKasHYKIB Iic/iA 3aBeplIeHHs BTPYyYaHHs 3 KOHTPO/IEM BUXiJTHUX
3HAYEHb [0 [TOYATKY NOCTiKEHHS.

Pesynpratu. Ha ogyaTkoBoMYy ertamni rpymm He BiffpisHs/INCA 3a ZOCIIKYBaHMMY TTOKa3HKaMu (B 060X Bumajkax p > 0,19).
ITic/si KOHTPOJIIO BUXIAHMX 3HadYeHb 3a goromororo ANCOVA xoMm6iHOBaHa jfora 3abesmednia CTATUCTUYHO 3HAYYIIe Kpari
Hic/IAeKCIepUMeHTaNIbHI ITOKa3HUKM THYYKOCTI Ta piBHOBAry IOPiBHAHO 3i CTaTMYHOIO Jioroio (B 060x Bumazgkax p < 0,001) i
AMHaMIYHOI0 iforoio (rHydkicTe: p = 0,007; piBHOBara: p < 0,001). CTaTMCTUYHO 3HAYYIMX BiAMIHHOCTEl MK CTaTMYHOIO Ta
IVHAaMIiYHOIO JIOTOI0 He BYABJIEHO aHi 3a MOKa3HUKOM IHYYKocTi (p = 0,34), aHi 3a mokasHuKoM piBHoBaru (p > 0,99; 3 mompas-
ko10 bondeppowi). BogHouac yepe3 HeBeMMKY YMCEIbHICTD KOXHOI Ipymin (n = 12) cTaTUCTUYHA MOTY>KHICTD ZOCIIKeHHA Oyia
HEJIOCTATHDBOIO [ HA/IITHOTO BUABJICHH: BiIMIHHOCTel MDX IIMIMU JBOMA BUaMU JIOTY, TOMY pOOUTHU BUCHOBOK IIPO iX eKBiBa-
JIEHTHICTh HE MOXKHA.
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BucHosku. Kom6inoBaHa cratuyHO-1HaMiYHA Jfora 3abesneqnia 6i/bIn BupaskeHe IOKpalleHHs THYYKOCTi Ta piBHOBAarn y
JKiHOK y TlepyMeHomay3i OPiBHAHO i3 3aCTOCYBaHHAM KOXKHOTO 3 LIMX BUJIIB #1oru okpemo. OTpuMaHi pesyabTaTyt CBi4aTh, 110
KOMOIHOBaHIi IIporpamm j1oru MOXKyTb OYTI NepCIeKTUBHIM HeMeIMKaMEHTO3HIM 3aC000M y Me)Kax Iporpam ¢isnuHoi akTyB-
HOCTI Ha piBHi rpoMazu i 1iel momysanii. BogHoyac BI/MB TaKyuX IPOrpaM Ha YacTOTY HafiHb i AKICTb XXUTTA 6e310CepesHbO
He OL{HIOBAI, 1[0 OTPe6y€e OKPEMOTO BUBUEHHSI Y TIONAIBIINX JOCTIKEHHX.

KirouoBi cmoBa: mepexif 10 MeHoOmaysu, 3T0POB st XIHOK, AKICTD XUTTH, PpisndHe PYHKI[IOHYBAHH.
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