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The Effect of Dynamic Neuromuscular Stabilization Exercises Combined with
Visual Mirror Feedback Compared to Non-Mirror Feedback Training on
Respiratory Function in Patients with Parkinson's Disease: A Secondary
Analysis of a Randomized Controlled Trial
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Abstract

Introduction: Parkinson's disease (PD) can impair respiratory muscle strength and pulmonary function, contributing
to reduced cough effectiveness, reduced speech volume, and reduced exercise tolerance. Dynamic Neuromuscular
Stabilization (DNS) improves trunk and core control, potentially enhancing respiratory mechanics. Mirror visual
feedback (MVF) has been shown to improve sensorimotor integration and body awareness, but its effect on respiratory
outcomes in PD is unknown. This secondary analysis compared the effects of an 8-week DNS program, performed
with or without MVF, on spirometric parameters in patients with PD.

Materials and Methods: In a randomized controlled trial, 35 adults with idiopathic PD (Hoehn & Yahr I-III)
completed an 8 week DNS training program (3 sessions/week, 45—60 min/session), either in front of a full length mirror
(DNS+MVF, n= 18) or without a mirror (DNS only, n=17). For this secondary analysis, spirometric assessments
were performed at baseline and post-intervention, including forced vital capacity (FVC), forced expiratory volume in
1 second (FEV1), FEV1/FVC ratio, FEV1/VCmax%, forced expiratory flow at 25—75% (FEFs 75), and peak expiratory
flow (PEF). Data from 34 participants (17 per group) with complete respiratory measurements were analyzed using a
two-way repeated-measures ANOVA and tests of between-subject effects.

Results: Both groups showed significant within-group improvements over time in all spirometric parameters
(all P < 0.010). However, the DNS+MVF group demonstrated significantly larger improvements than the DNS-only
group for FVC (Group x Time interaction: F = 72.03, P < 0.001, partial n* = 0.783), FEV: (F = 29.19, P < 0.001,
partial 2 = 0.711), FEF2s-7s (F = 6.13, P = 0.022, partial n?> = 0.235), and PEF (F = 6.42, P = 0.020, partial
n? = 0.243). Between-subject effects also favored the mirror group for FVC (P = 0.008) and PEF (P = 0.043).
Conclusion: The addition of mirror visual feedback provided a statistically significant additive benefit for respiration.
These findings suggest that mirror-augmented DNS may be a simple, low-cost strategy to enhance respiratory function
in PD. Further studies with larger samples and longer follow-up are warranted.
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Effect of DNS and MVF on Respiratory Function in PD

Introduction

Parkinson's disease (PD) is a progressive
neurodegenerative disorder characterized by motor
symptoms such as bradykinesia, rigidity, tremor, and
postural instability. Beyond the classic motor features,
respiratory dysfunction is increasingly recognized as a
significant, yet often underdiagnosed, complication
(1). Patients with PD commonly exhibit restrictive
pulmonary patterns due to chest wall rigidity, reduced
thoracic expansion, and impaired respiratory muscle
strength (1). This can lead to reduced cough peak flow,
aspiration pneumonia, diminished speech volume, and
decreased exercise tolerance, all of which negatively
affect quality of life and survival (2).

The pathophysiology of respiratory impairment in
PD is multifactorial, involving rigidity of the rib cage
and intercostal muscles, bradykinesia of respiratory
muscles, abnormal postural alignment (e.g., forward
trunk flexion), and impaired central coordination of
breathing (2, 3). From a rehabilitation perspective, the
importance of this issue lies in the fact that breathing
in patients with Parkinson's disease is not limited to
pulmonary function; it also depends on postural
control, spinal mobility, core stability, diaphragmatic
function, and coordination of trunk muscles.
Therefore, exercises that simultaneously target trunk
control, core stability, and diaphragmatic function may
provide benefits beyond those of general motor
exercises or isolated respiratory training. Moreover,
respiratory impairments may not respond sufficiently
to dopaminergic therapy alone (4, 5); therefore,
targeted non-pharmacological and rehabilitation
interventions are necessary to reduce respiratory and
functional consequences in these patients (6).

Although aerobic exercise, resistance training,
balance training, gait training, and specific respiratory
muscle training have been used in Parkinson's
rehabilitation, each has certain limitations. Specific
respiratory exercises primarily focus on inspiratory or
expiratory muscle strength but do not necessarily
target correcting postural patterns, trunk rigidity,
pelvic control, or the coordination of the diaphragm
with the core muscles. On the other hand, common
balance and motor exercises may not directly address
respiratory mechanics or diaphragmatic function.
Therefore, an approach that integrates postural control
and respiratory function may be clinically more
appropriate for patients with Parkinson's disease.
Recent studies have also shown that integrated
exercise interventions can improve some indices of
respiratory function, including respiratory muscle
strength and PEF, in patients with PD (5).
Furthermore, recent reviews on respiratory muscle
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training indicate that these interventions can be
effective in improving respiratory muscle strength;
however, sufficient conclusive evidence is still lacking
regarding the optimal type, intensity, duration, and
combination of these exercises with motor training (4).

Mirror visual feedback (MVF) has been used in PD
to enhance motor performance, body awareness, and
sensorimotor integration (7, 8). By providing real-time
visual feedback of movement, MVF may help patients
correct postural asymmetries, reduce compensatory
patterns, and improve movement quality. However, the
effect of MVVF combined with trunk-focused exercise
on objective measures of pulmonary function in PD
has not been previously examined.

Given the anatomical and functional linkage
between trunk control and respiration, we
hypothesized that adding MVF would also lead to
greater improvements in spirometric parameters.
Therefore, this study aimed to compare the effects of
an 8-week DNS program performed with versus
without mirror feedback on forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV)),
FEV/FVC ratio, FEV/VCnax%, forced expiratory
flow at 25-75% of FVC (FEF...,), and peak expiratory
flow (PEF) in patients with mild-to-moderate PD.

Materials and Methods

Study design and ethics: This study is a secondary
analysis of a prospective, parallel-group, randomized
controlled trial (RCT) comparing an 8-week DNS
training program delivered with mirror feedback to the
same program delivered without mirror feedback in
patients with PD. The original trial was registered with
the  lranian  Registry of  Clinical  Trials
(IRCT20251101067842N1) and received ethics
approval from the Isfahan University of Medical
Sciences (IR.UL.LREC.1404.117). All participants
provided written informed consent. The present analysis
focuses exclusively on respiratory function outcomes,
which were not reported in the primary manuscript.

Participants: The participants included adults aged
50-70 years with idiopathic PD in stages | to Il
according to the Hoehn & Yabhr scale, who had a stable
medication regimen and were able to participate in the
assessments and exercises (9) safely. In this study,
idiopathic Parkinson's disease refers to the primary
form of Parkinsonism with an unknown cause, in
which symptoms develop spontaneously and not as a
result of identifiable secondary factors such as
medications, toxins, trauma, or other brain disorders.

The Hoehn & Yahr scale is a standard scale for
assessing the severity and stages of Parkinson’s
disease (PD), consisting of five disease stages. This
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scale is widely used in clinical research and has high
validity and reliability. The original version of the
scale was introduced by Hoehn and Yahr in 1967 and
has been confirmed and used in various studies,
including Iranian studies (10). Based on assessments
of motor symptoms in patients with PD, including gait,
balance, and muscle strength, this scale classifies
patients into five stages (I-V). In the present study,
participants were at stages I-111 of this scale, indicating
early to moderate Parkinson's disease. The validity and
reliability of the Persian version of this scale have also
been confirmed in several studies, and this version has
been used in multiple investigations to assess disease
severity in the Iranian population (11).

The exclusion criteria included other neurological
disorders, major musculoskeletal pathology, recent
lower-limb surgery, severe non-neurological disease,
concurrent participation in a structured rehabilitation
program, and visual or cognitive impairment affecting
the performance of the tests. For this respiratory
analysis, all participants from the main trial who
completed pre- and post-intervention spirometry with
acceptable quality were included.

In the initial clinical trial, an a priori power analysis
was performed using G*Power software version
3.1 (12) to determine the required sample size to detect
a significant group x time interaction in a repeated-
measures ANOVA, specifically a within—between
interaction. This analysis was conducted within the
F-test family using the following parameters: an effect
size of f = 0.391, derived from the results of the
functional reach test in the study by Heuvel et al. (13);
an alpha error probability of o = 0.01; statistical power
of 1 —=0.99; two groups, including DNS+MVF and
DNS-only; and two measurement time points,
including pre-intervention and post-intervention. The
correlation between repeated measurements was
assumed to be 0.5, and the no-sphericity correction &
was set to 1. Based on these assumptions, the required
total sample size was calculated to be 38 participants,
with 19 participants per Group.

Randomization and interventions: Participants were
matched by Hoehn & Yahr stage and then randomly
allocated to either the DNS+MVF group or the
DNS-only group using a simple randomization
procedure (even or odd numbers). Both groups
completed identical DNS-based exercise sessions: 3
sessions per week for 8 weeks (total 24 sessions), each
lasting 45-60 minutes. The exercises targeted trunk/core
stabilization, postural control, balance, and coordinated
lower-limb function, including bridging variations,
weight-shifting, reaching, unilateral stance tasks,
stepping, and training on unstable surfaces. The mirror
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group performed all exercises while standing or sitting
in front of a full-length mirror (in a room with mirrors
on four sides), receiving continuous visual feedback.
The control group performed the same exercises in an
identical room without mirrors. No specific respiratory
training (e.g., incentive spirometry, breathing exercises)
was provided to either GroupGroup.

The main exercises included bridging, weight
shifting, single-leg standing, forward and lateral
stepping, balance exercises, exercises on unstable
surfaces, diaphragmatic breathing, activation of the
core trunk muscles, forearm support, lateral elbow
support, rolling, quadruped positioning, rocking in the
quadruped position, bear position, crawling, kneeling,
half-kneeling, functional sitting, and squatting.

The intensity and difficulty of the exercises were
gradually increased based on participants’ tolerance,
safety, and quality of movement execution. Progression
criteria included the ability to perform the exercise with
proper body alignment, trunk and pelvic control, normal
breathing, and without pain, dizziness, or severe fatigue.
Exercise progression was achieved by increasing the
number of repetitions, increasing the duration of
position holding, reducing the base of support, reducing
hand support, increasing the range of motion, changing
the position from sitting to standing, and performing the
exercise on an unstable surface. In cases of fatigue,
imbalance, or reduced movement quality, the exercise
was simplified or the rest period was increased.

Respiratory outcome measures: Spirometry was
performed at baseline (pre-intervention) and within 1
week after the final training session (post-intervention).
Assessments were conducted by a blinded assessor
using a calibrated spirometer according to American
Thoracic  Society/European  Respiratory  Society
guidelines (14). The following parameters were
recorded: FVC (forced vital capacity, in liters), FEV,
(forced expiratory volume in 1 second, in liters),
FEV/FVC ratio (%), FEV/VCmax ratio (%), FEF2s-7s
(mean forced expiratory flow between 25% and 75% of
FVC, in L/s), and PEF (peak expiratory flow, in L/s).
Each maneuver was repeated at least three times, and the
best value was used for analysis.

Statistical analysis: All analyses were performed
using SPSS version 27 (IBM Corp. Released 2019.
IBM SPSS Statistics for Windows, Version 27.0.
Armonk, NY, USA). Continuous variables are
presented as mean + standard deviation (SD). Baseline
demographic and clinical characteristics were
compared between groups using independent t-tests.
The primary analysis used a two-way repeated-
measures ANOVA with the within-subjects factor
Time (pre, post) and the between-subjects factor Group
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(mirror, control). The primary outcome of interest was
the Group x Time interaction, which indicates whether
the change over time differed significantly between
groups. Within-group pre-to-post changes were further
examined using paired t-tests. Between-subjects
effects (overall difference between groups across both
time points) were also reported. Normality was
assessed using the Shapiro-Wilk test, and sphericity
was assumed due to only two time points. Statistical
significance was set at a =0.05, two-tailed. Given the
exploratory nature of this secondary analysis, no
adjustment for multiple comparisons was made.

Results

Participant characteristics: Of the 35 participants who
completed the 8-week intervention in the original trial,
34 (17 per GroupGroup) had complete and technically
acceptable spirometry data at both time points. The
mirror group (DNS+MVF) had a mean age of
62.7+6.3 years, and the control group (DNS-only)
65.2 + 3.4 years (P =0.277). Baseline FVC, FEV,, and
other spirometric parameters were not significantly
different between groups (all p >0.05; see Table 1 for
baseline values), indicating successful randomization
for this subsample.

Spirometry outcomes: As shown in Table 2, both
groups demonstrated significant improvements from
pre- to post-intervention across all spirometric
parameters (within-subject contrasts, linear component:
all P < 0.01). This indicates that the DNS program,
regardless of whether a mirror was used, was associated
with better pulmonary function after 8 weeks.

Pulmonary function outcomes showed greater
improvement in the mirror group than in the control
group across all measured parameters. For forced vital
capacity (FVC), repeated-measures ANOVA
demonstrated a significant Group x Time interaction
(F=72.03, P <0.001, partial n? = 0.783), indicating a
substantially larger increase in the mirror group.
Specifically, FVC increased from 2.32 + 0.87 L at
baseline to 5.73 £ 1.63 L after the intervention in the
mirror group, corresponding to a mean improvement

of 3.41 L. In contrast, the control group showed only a
modest increase, from 2.51 + 1.00 L t0 2.80 + 1.01 L,
with a mean change of 0.29 L.

A similar pattern was observed for forced
expiratory volume in 1 second (FEV:). There was a
significant Group x Time interaction (F = 49.19,
P < 0.001, partial n*> = 0.711). In the mirror group,
FEV: increased markedly from 1.54 + 0.88 L to
4,95 £ 1.78 L, representing a mean gain of 3.41 L. By
comparison, the control group improved only slightly,
from 2.41 + 0.89 L at baseline to 2.80 + 0.73 L post-
intervention, with a mean change of 0.39 L.

For forced expiratory flow at 25%-75% of
pulmonary volume (FEF2s—s), the interaction effect
was also significant (F = 6.13, P = 0.022, partial
n? = 0.235). Participants in the mirror group improved
from1.19+ 1.25 L/s to 2.72 £ 1.07 L/s, corresponding
to an increase of 1.53 L/s, whereas the control group
showed a smaller improvement from 1.40 £ 0.71 L/s to
1.91 = 0.35 L/s, with a mean change of 0.51 L/s.
Likewise, peak expiratory flow (PEF) showed a
significant Group x Time interaction (F = 6.42,
P =0.020, partial n? = 0.243). In the mirror group, PEF
increased from 2.21 + 149 L/s at baseline to
3.53 + 2.11 L/s after the intervention, yielding a mean
improvement of 1.32 L/s. In contrast, the control group
demonstrated only a minimal increase, from
1.61+0.76 L/sto 1.78 + 0.62 L/s, with a mean change
of 0.17 L/s.

Both FEV/FVC and FEV:/VCmax% improved
significantly over time in the study population
(within-subject p < 0.001 for both). However, no
significant Group x Time interaction was observed for
either variable (Table 2), indicating that improvements
were comparable between the mirror and control groups.
In addition, between-group effects were not significant
for either ratio (P = 0.454 and p = 0.154, respectively).
The mirror group had significantly higher overall values
(averaged across pre and post) for FVC (P =0.008, partial
n?>=0.306) and PEF (P=0.043, partial n>=0.189). For
FEV.:, FEFxs-15, and the ratios, between-subject
differences were not statistically significant (P >0.05).

Table 1. Baseline participant characteristics

Mirror group (Mean + SD
Age (years) 63.73 +6.34
Weight (kg) 66.65 £ 8.30
Height (cm) 166.86 + 7.62
Body mass index (BMI) 248 +3.5
Disease duration (year) 8.6
Hoehn & Yahr
| 5
I 7
1l 5

No-mirror group (Mean + SD
65.10 + 3.43 0.257
71.07 +12.73 0.330
164.52 + 3.81 0.520
26.6+45 0.330
7.8 0.310
> 0.050
5
7
5
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Table 2. Spirometry parameters at baseline and post intervention (mean + SD)
Variable Group Pre-test Post-test Mean  Within-group | Groupx  Group x  Partial

change Time F Time p 2

FVC (L) Mirror 2.32+0.87 5.73+1.63 +3.41 <0.001 72.03 <0.001" 0.783
Control 2.51+1.00 2.80+1.01 +0.29 <0.001

FEV: (L) Mirror 1.54+0.88 4.95+1.78 +3.41 <0.001 49.19 <0.001" 0.711
Control 2.41+0.89 2.80+0.73 +0.39 <0.001

FEV/FVC (%) Mirror 455+24.1 71.8+13.8 +26.3 <0.001 0.528 0.454 0.028
Control 51.0+11.5 56.0+14.3 +5.0 <0.001

FEV/VCmax (%) Mirror 40.1£26.2 719+13.8 +31.8 <0.001 2.192 0.154 0.099
Control 403+21.7 4494253 +4.6 <0.001

FEF25-75 (L/s) Mirror 1.19+£1.25 2.72+1.07 +1.53 <0.001 6.13 0.022" 0.235
Control 1.40+0.71 1.91+0.35 +0.51 <0.001

PEF (L/s) Mirror 221+£149 3.53+2.11 +1.32 <0.001 6.42 0.020" 0.243
Control 1.61+£0.76 1.78+0.62 +0.17 <0.001

Within group p values from paired t tests; interaction p-values from two way repeated measures ANOVA (Group x Time).

“Statistical significance level considered as p<0.05

Discussion

This secondary analysis of a randomized controlled trial
is the first to demonstrate that adding mirror visual
feedback to an 8-week Dynamic Neuromuscular
Stabilization (DNS) program produces significantly
greater improvements in multiple objective spirometric
parameters in patients with  mild-to-moderate
Parkinson’s disease compared to DNS alone.
Specifically, the mirror group showed superior gains in
forced vital capacity (FVC), forced expiratory volume
in 1 second (FEV1), mid-expiratory flow (FEF2s-75), and
peak expiratory flow (PEF). Both groups improved over
time, but the magnitude of improvement was
substantially larger with mirror feedback.

The observed improvements in the DNS-only
Group are consistent with previous studies showing
that trunk-focused and core-stabilization exercises can
enhance respiratory function in PD (15, 16). DNS
specifically emphasizes diaphragmatic activation,
intra-abdominal pressure regulation, and coordinated
trunk-pelvic motion, all of which are directly relevant
to efficient breathing mechanics (17). Even without
mirror feedback, the repetitive, controlled loading of
trunk muscles and postural challenges likely improved
thoracic mobility and respiratory muscle recruitment.

However, the striking additive effect of mirror
feedback requires explanation. The mirror group’s
FVC more than doubled (from 2.32 L to 5.73 L), while
the control group improved only modestly (from
2.51L to 2.80L). These differences cannot be
attributed to differential exercise intensity, as the
physical program was identical. We propose several
mechanisms that MVVF can provide real-time visual
feedback of trunk position, allowing patients to correct
forward flexion, lateral deviation, or asymmetrical
postures that restrict chest wall expansion. Improved
standing and sitting alignment directly increases

thoracic volume and diaphragmatic excursion (18). In
addition, patients with PD impair proprioception and
internal body representation (19). Mirror feedback can
create a coherent visual surrogate of the body,
reinforcing the sense of trunk position and movement.
This may help patients voluntarily recruit abdominal
and intercostal muscles more effectively during both
exercise and resting breathing.

DNS exercises can coordinate breathing with
movement. Mirror feedback allows patients to visually
monitor abdominal and thoracic movement patterns,
potentially improving the dissociation between rib
cage and abdominal motion. Without a mirror, patients
may unknowingly adopt inefficient movement
strategies (e.g., shoulder elevation, pelvic tilting) that
limit respiratory function. MVF facilitates error
detection and correction, leading to more economical
and effective breathing mechanics. The significant
interactions for FEV: and FEF2s-7s suggest that mirror
feedback particularly benefits expiratory flow rates,
which depend on both respiratory muscle strength and
airway patency. Improved cough peak flow (as
reflected in PEF) has direct clinical relevance for
reducing aspiration risk (20).

Our findings extend the existing evidence on MVF
in PD beyond limb motor control and balance (7) to
include respiratory outcomes. A systematic review by
Lahuerta-Martin et al. (21) concluded that action
observation and motor imagery improve gait and
balance in PD, but noted inconsistent effects across
studies. To our knowledge, no prior trial has examined
MVF combined with trunk stabilization training on
spirometry. Our results align with studies showing that
visual feedback can enhance motor learning and
cortical excitability in PD (22), and we now provide
preliminary evidence that these mechanisms translate
to respiratory muscle control.
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The lack of significant group differences for
FEV/FVC and FEV:/VCmax ratios is not surprising.
These ratios reflect the proportion of air exhaled in the
first second relative to total volume. Both groups
improved their absolute volumes, but the ratio changed
less because FVC and FEV increased in parallel. The
preserved or improved ratio suggests that the training
did not induce airway obstruction but rather improved
overall lung volume and flow in a balanced manner.

Limitations

Several limitations must be acknowledged. First, this
is a secondary analysis with a limited sample size
(n=34) due to the availability of complete spirometry
data, which may limit generalizability. Second, the
large magnitude of change in the mirror group (e.g.,
FVC from 2.32 L to 5.73 L) is unusually high for an 8-
week intervention in PD and may reflect measurement
variability, learning effects, or a small-sample artifact;
replication in larger studies is essential. Third, we did
not control for medication timing ("ON/OFF" state)
during spirometry, which could influence respiratory
muscle performance. Fourth, no long-term follow-up
was performed, so the durability of these respiratory
gains is unknown. Fifth, we did not adjust for multiple
comparisons, increasing the risk of type I error; the
p-values for FEFas-7s and PEF (0.022 and 0.020)
should be interpreted conservatively. Finally, the
mechanism linking mirror feedback to improved
spirometry remains speculative; future studies should
include electromyography of respiratory muscles and
motion analysis of thoracic kinematics.

Recommendations

Based on the findings of the present study, it is
recommended that future research investigate the
combined effect of mirror visual feedback and
Dynamic  Neuromuscular  Stabilization (DNS)
exercises in larger cohorts, employing a primary
randomized controlled trial (RCT) design to enhance
the generalizability of the findings. Furthermore, mid-
term and long-term follow-ups are essential to evaluate
the sustainability of the respiratory effects induced by
this intervention. Precise control of medication status,
specifically ensuring assessments are conducted
consistently in either the 'ON' or 'OFF' state, would
facilitate a more accurate interpretation of the results.

Future studies should consider incorporating
variables such as respiratory muscle strength,
electromyography (EMG) of the diaphragm and
intercostal muscles, thoracic movement patterns, and
respiratory-related  quality of life, alongside
spirometric indices, to elucidate further the potential
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mechanisms underlying the effects of mirror feedback.
From a clinical perspective, mirror feedback—as a
simple, cost-effective, and feasible approach—may be
integrated with trunk stabilization exercises into
rehabilitation programs for patients with mild-to-
moderate Parkinson's disease. Nevertheless, a
definitive recommendation for its widespread
implementation requires confirmatory studies with
larger sample sizes.

Conclusion

In patients with mild to moderate Parkinson's disease,
an 8-week Dynamic Neuromuscular Stabilization
program improved multiple spirometric parameters,
including FVC, FEV\, FEFs-7s, and PEF. The addition
of mirror visual feedback produced significantly larger
improvements than DNS alone, particularly for vital
capacity and expiratory flows. These findings suggest
that mirror-augmented DNS is a simple, low-cost, and
effective strategy to enhance respiratory function in
PD, with potential implications for reducing aspiration
risk and improving quality of life. Larger confirmatory
trials with longer follow-up and mechanistic
assessments are warranted.
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