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A B S T R A C T 
 

Aims: This systematic review aimed to evaluate the effects of dynamic neuromuscular 
stabilization exercises on fall risk and quality of life in older adults.  

Method and Materials: A systematic review was conducted under PRISMA guidelines, 
searching PubMed, Scopus, Web of Science, SID, Magiran, and Iran Medex databases for 
original and peer-reviewed articles using selected keywords from inception to June 2025. 
Google Scholar was also searched for additional records. The quality of the included studies 
was assessed using the Joanna Briggs Institute checklist.  
Findings: Out of 147 records, seven quasi-experimental studies published between 2020 
and 2024 met the inclusion criteria. Intervention durations ranged from six to eight weeks. 
DNS reduced fall risk, as evidenced by improvements in Timed Up and Go (TUG) test scores 
and Fall Efficacy Scale–International (FES-I) measures, and yielded improvements in 
quality of life across validated questionnaires. 
Conclusion: This systematic review highlights that DNS exercises may play a crucial role in 
enhancing QOL and reducing fall risk in older adults. Future studies should prioritize well-
designed, large-scale randomized controlled trials with standardized DNS protocols to 
strengthen the reliability and comparability of findings. 
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Introduction 
Aging is a critical stage of human 
life, and addressing the issues 
and needs of this period is a 
social necessity (1). By 2030, one 
in six people worldwide will be 
aged 60 years or older (2). At this 
time, the share of the population 
aged 60 years and over is 
expected to increase from 1 
billion in 2020 to 1.4 billion (3). 
With the onset of aging, changes 
occur in the musculoskeletal, 
vestibular, and visual systems, 
key physiological systems 
involved in balance, which place 
older adults at a high risk of 
serious injuries resulting from 
imbalance and falls (4, 5). Falls are 
among the leading causes of 
injury and mortality in older 
adults, as one in three individuals 
over the age of 65 experiences at 
least one fall each year (6). 
According to previous studies, 
falls among older adults impose 
substantial costs, both medical 
and non-medical, on individuals 
and society (7, 8). Fractures, functional 
 
 
 

 limitations, traumatic brain 
injuries, disability, additional 
healthcare costs, and mortality 
are among the most significant 
consequences of falls (9). 
Moreover, falls are often 
associated with an increased  
risk of recurrence, further 
compromising the Quality of Life 
(QOL) of older adults (10, 11). 
These outcomes represent major 
health threats for older adults, 
leading to diminished QOL and 
increased care-related expenditures 
(12). With the growing aging 
population, efforts to identify and 
prevent these problems, as well 
as to improve QOL, particularly 
by addressing fear of falling and 
balance impairments, have become 
increasingly important (13). 
Compared to other therapeutic 
approaches, exercise is the key 
strategy for preventing falls (14). 
Previous studies have also 
demonstrated that exercise can 
improve health-related QOL in 
older adults (15, 16). Evidence 
indicates that, beyond the 
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muscular system, focusing on the nervous 

system plays a crucial role in movement control, 

gait patterns, and motor function, particularly in 

older adults with mobility limitations (17). 

Neuromuscular training involves specific 

exercises designed to target both the neural and 

muscular components of movement (18). 

This training program aims to enhance 

sensorimotor control and achieve functional 

joint stability by addressing movement quality 

across all three levels of motor function (19). 

Dynamic Neuromuscular Stabilization (DNS) 

is a novel functional approach based on 

developmental kinesiology models (20), 

derived from the natural motor development 

patterns of early childhood (21), which regulate 

posture, maintain stability against gravity, and 

promote targeted muscle activation (22). The 

goal of DNS is to optimize body function by 

aligning the head and spine (23), enhancing 

postural awareness, integrating proper 

breathing patterns, and improving motor 

control (24). In the DNS approach, every 

developmental position is considered an 

exercise position (25); however, every exercise 

must follow basic principles, namely the 

restoration of a correct respiratory pattern 

and intra-abdominal pressure, application of 

the correct support during dynamic extremity 

activities, and ensuring biomechanical 

alignment during movements (26, 27). 

While DNS is grounded in developmental 

kinesiology and has shown promise in 

enhancing postural control, sensorimotor 

integration, and functional stability (28, 29), 

existing research is dispersed across small-

scale clinical trials, varied outcome measures, 

and inconsistent reporting. Furthermore, 

most studies focus either on fall risk or  

QOL separately, without providing a 

comprehensive review of DNS effects on both 

outcomes simultaneously. To date, no 

systematic review has critically appraised the 

available evidence on DNS in older adults. 

This gap underscores the need for a rigorous 

systematic review to summarize current 

findings, identify limitations in existing 

research, and guide future clinical 

applications and high-quality trials. We 

applied the PICO framework (Population, 

Intervention, Comparison, and Outcomes) to 

filter, select, and review the literature (30).  

 

Method and Materials 

This systematic review was conducted 

according to the PRISMA guidelines (31). The 

databases PubMed, Scopus, Web of Science, 

SID, Magiran, and Iran Medex were searched 

from the databases’ inception until October 

2025. Google Scholar was also searched for 

additional records. Keywords were selected 

according to Table 1 and searched using 

Boolean operators. The search was conducted in 

English-language databases using English terms, 

and their Persian equivalents were applied when 

searching Persian-language sources.  

Inclusion criteria comprised studies involving 

elderly participants (≥60 years) that 

investigated the effects of DNS exercises on 

quality of life and/or fall risk. Eligible studies 

included clinical trials, quasi-experimental 

studies, and original research articles 

published in peer-reviewed journals in either 

English or Persian. Exclusion criteria were 

studies unrelated to DNS, conference 

abstracts, review articles, case reports, and 

studies lacking quantitative outcome data. 

After searching the databases, the results 

were transferred to EndNote 7X software. 

Then, the titles and abstracts of the articles 

were screened by two independent 

researchers (E.E, SA.N). Relevant articles were 

selected for full-text review. In case of 

disagreement, the consensus method was 

used by the supervisor (H.M.). After extracting 

eligible articles, general data, study 

characteristics, and results were extracted from 

the articles and summarized in Table 2. Data 

extraction was performed by two independent 

researchers (E.E., SA.N.). The quality of the 

studies was assessed with the JBI tools for quasi-

experimental studies (Table 3)(32). 
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Table 1) Search strategy used for this study  
Variable Keywords 
Dynamic 
Neuromuscular 
Stabilization  

("dynamic neuromuscular stabilization" OR "dynamic neuromuscular stabilization" OR 
DNS)  

Older Adults  AND (elder* OR "older adult*" OR "older people" OR "older person*" OR "older 
population*" OR "older individual*" OR geriatric* OR "aging population*" OR "ageing 
population*" OR "aged" OR "senior*" OR "senior citizen*" OR "retired" OR "retiree*" OR 
"later life" OR "later adulthood" OR "advanced age" OR "late adulthood" OR "60 years" 
OR "≥60" OR "60 years old" OR "60 and over" OR "over 60" OR "65 years" OR "≥65" OR 
"65 years old" OR "65 and over" OR "over 65") 

Quality of Life/ Fall 
Risk 

AND ("quality of life" OR "health-related quality of life" OR HRQoL OR HRQL OR QoL OR 
"life satisfaction" OR "subjective well-being" OR "wellbeing" OR "well-being" OR 
"perceived quality of life" OR "health status" OR "self-rated health" OR "self-perceived 
health" OR "health utility" OR "health utilities" OR "patient-reported outcome*" OR PRO 
OR PROM OR SF-36 OR "Short Form 36" OR "SF36" OR SF-12 OR "Short Form 12" OR 
"SF12" OR EQ-5D OR EQ5D OR WHOQOL OR "WHO Quality of Life" OR "World Health 
Organization Quality of Life" OR "quality adjusted life year*" OR QALY OR QOLI), AND 
(fall* OR "fall risk" OR "risk of falling" OR "fall prevention" OR "fall-related injury*" OR 
"accidental fall*" OR "recurrent fall*" OR "history of falls" OR "fall incident*" OR "fall 
event*" OR "faller*" OR "balance impairment" OR "balance disorder*" OR "balance 
problem*" OR "impaired balance" OR "postural stability" OR "postural control" OR 
"postural balance" OR "loss of balance" OR "gait disturbance*" OR "gait instability" OR 
"mobility impairment*" OR "instability" OR "equilibrium impairment") 

 

Findings 

Figure 1 illustrates the study selection 
process. Initially, 147 articles were identified. 
After removing duplicates, 120 abstracts were 
screened. Based on the abstract review, 89 
studies were excluded, leaving 31 articles for 
full-text assessment. Following a thorough 
evaluation of the full texts, 24 articles were 
excluded, resulting in 7 studies included in the 
final analysis (Figure 1). Table 2 presents a 
summary of the findings from these articles. 
All included studies were conducted between 
2020 and 2024, using quasi-experimental 
designs. Sample sizes ranged from 24 to 60 
elderly participants (mean age: 60–79 years). 
The intervention duration ranged from six to 
eight weeks. Outcome measures were 
categorized into two domains: (1) fall risk, 

primarily assessed by the Timed Up and Go 
(TUG) test (17, 33, 37) or the Fall Efficacy Scale–
International (FES-I) (4); and (2) quality of  
life (QOL), assessed using validated 
questionnaires such as SF-36 (17), LEIPAD (35), 
I-QOL (36), and SF-26 (34). 
Based on qualitative data synthesis, four 
studies, involving a total of 135 elderly 
participants, assessed fall risk. DNS 
interventions led to improvements across the 
previous  studies.) reported reductions in 
Timed Up and Go (TUG) test times, indicating 
an enhanced risk of falling (17, 33, 37). Mohseni et 
al. (2023) demonstrated improvements in Fall 
Efficacy Scale–International (FES-I) scores, 
reflecting reduced risk of falling (4). Overall, 
the evidence demonstrates a positive effect of 
DNS on reducing fall risk in older adults. 

Table 2) The characteristics of the eligible studies  
Study  Design    Sample size  Intervention Outcome measures  Result  
Keshtiaray 
et al. 
(2024) 
(33) 

quasi-
experimental 

45 elderly 
participants 
aged 65 to 75 
years 

eight weeks of 
dynamic 
neuromuscular 
stabilization (DNS) 

Fall risk using Timed 
Up and Go test  

The results showed 
aa improvement in 
the risk of falling 
among older adults 
(P= 0.001). 

Afsari et 
al. (2024) 
(34) 

quasi-
experimental 

60 elderly 
participants 
aged 60 years  

six weeks of 
dynamic 
neuromuscular 
stabilization (DNS) 

Quality of life using 
short-form survey-26 
questionnaire 

The results showed 
an improvement in 
the QOL among older 
adults (P= 0.001). 

Mohseni 
et al. 

quasi-
experimental 

30 elderly 
people aged 

eight weeks of 
dynamic 

Risk of falling using 
Fall Efficiency Scale 

The results showed 
aa improvement in 
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(2023) (4) over 60 years  neuromuscular 
stabilization (DNS) 

International (FES-I) the risk of falling 
among older adults 
(P= 0.006). 

Rashid et 
al. (2021) 
(35) 

quasi-
experimental 

28 elderly 
people aged 
over 65 years  

eight weeks of 
dynamic 
neuromuscular 
stabilization (DNS) 

Quality of life using 
(LEIPAD 
questionnaire) 

The results showed 
an improvement in 
the QOL among older 
adults (P= 0.000). 

Farzin Far 
et al. 
(2021) 
(36) 

quasi-
experimental 

24 elderly 
people aged 
60 years and 
over 

six weeks of 
dynamic 
neuromuscular 
stabilization (DNS) 

Quality of life using 
Incontinence Quality 
of Life Questionnaire 
(I-QOL)  

The results showed 
an improvement in 
the QOL among older 
adults (P <0.05).  

Rahimi et 
al. (2020) 
(37) 

quasi-
experimental 

30 elderly 
people aged 
60-79 years 

eight weeks of 
dynamic 
neuromuscular 
stabilization (DNS) 

Fall risk using Timed 
Up and Go test  

The results showed 
aa improvement in 
the risk of falling 
among older adults 
(P= 0.001). 

Mansori et 
al. (2020) 
(17) 

quasi-
experimental 

30 elderly 
participants 
aged 60-70 

six weeks of 
dynamic 
neuromuscular 
stabilization (DNS) 

Risk of falling and 
quality of life using 
Timed Up and Go test 
and SF-36 
Questionnaire, 
respectively  

The results showed 
an improvement in 
the QOL and fall risk 
among older adults 
(P <0.05).  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Figure 1) Flow diagram for eligible studies  
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Five studies, involving a total of 142 elderly 
participants, evaluated QOL outcomes. DNS 
training improved QOL scores. Afsari et al. 
(2024) reported improvements using the SF-
26 questionnaire (34). Rashid et al. (2021) and 
Farzin Far et al. (2021) demonstrated gains in 
LEIPAD and I-QOL domains (35, 36), 
respectively. Mansori et al. (2020) also 
showed notable improvements in multiple 
domains of the SF-36 (17). In a nutshell, these 
findings suggest that DNS contributes to 
physical, psychological, and social aspects of 
QOL in older adults.  
Regarding quality assessment, a 
methodological quality appraisal was 
conducted for all included studies using the 

JBI checklist. All seven studies demonstrated 
high methodological rigor, each achieving an 
overall score of 8 out of 9. The majority of 
studies fulfilled critical quality domains, 
including well-defined objectives, appropriate 
outcome measures, and robust data collection 
processes, reflecting a low risk of bias. 
However, a notable limitation was observed in 
criterion Q8 (Was follow-up complete, and if 
not, were differences between groups in 
terms of their follow-up adequately described 
and analyzed?), which was not satisfied by 
any of the studies. Despite this issue, the 
uniformity of high scores across studies 
highlights the overall strength and reliability 
of the included research. 

Table 3) Critical appraisal results of eligible systematic reviews 
 Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Overall 

Score 
1 Keshtiaray et al. 

(2024)  
Y Y Y Y Y Y Y N Y 8 

2 Afsari et al. (2024)  Y Y Y Y Y Y Y N Y 8 
3 Mohseni et al. (2023)  Y Y Y Y Y Y Y N Y 8 
4 Rashid et al. (2021)  Y Y Y Y Y Y Y N Y 8 
5 Farzin Far et al. 

(2021)  
Y Y Y Y Y Y Y N Y 8 

6 Rahimi et al. (2020)  Y Y Y Y Y Y Y N Y 8 
7 Mansori et al. (2020)  Y Y Y Y Y Y Y N Y 8 

 

Discussion  
The present review aimed to investigate the 
effects of DNS exercises on QOL and fall risk in 
older adults. Findings indicate that such 
exercises may have a positive impact on 
improving QOL and reducing the risk of falls 
among older adults. In this regard, DNS can 
help reduce the risk of falls by improving 
postural control, balance, and movement 
coordination through activation of deep 
stabilizing muscles. Given the multi-segmental 
structure of the body, DNS exercises may 
enhance postural control and compensate for 
balance impairments by activating muscles 
responsible for postural alignment and 
voluntary movement coordination (38, 39). 
Beyond strengthening the musculoskeletal 
system, DNS also engages the nervous system 
(27). Utilizing developmental motor patterns 
enhances spinal stability and movement 
quality (40). Moreover, DNS may induce neural 
adaptations, such as more efficient 
recruitment of motor units, somatosensory 
cortical reorganization, increased synaptic 

efficiency, reduced neural inhibition, and 
improved sensory input integration, all of 
which contribute to reduced fall risk (41). With 
respect to the points discussed above, it has 
been reported that eight weeks of DNS 
exercises led to a meaningful lowering of the 
fear of falling in older adults (4, 33, 37). Another 
key mechanism involves the activation of 
spinal stabilizers and improvement of intra-
abdominal pressure, thereby enhancing core 
stability and trunk control (21). From a 
developmental kinesiological perspective, 
DNS promotes postural stability by re-
establishing optimal motor patterns from 
early growth stages and reinforcing core 
musculature. According to the motor systems 
theory, which views balance as an  
emergent property of multiple interacting 
neuromuscular systems (42), DNS optimizes 
this interplay. Likewise, from the 
neuroplasticity perspective, targeted training 
such as DNS may facilitate neural 
reorganization and improve sensorimotor 
processing (43). 
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Aging can adversely affect multiple 
physiological systems, leading to reduced 
organ efficiency, declines in both cognitive 
and motor performance, and ultimately a 
deterioration in quality of life among older 
adults (44). It has been shown that DNS 
exercises enhance urinary control and reduce 
incontinence severity through activation of 
pelvic floor and abdominal muscles and 
improvement of core stability, thereby 
contributing to better QOL (36, 45, 46). 
Furthermore, by strengthening coordination 
among respiratory, abdominal, and pelvic 
floor muscles, DNS can improve urogenital 
function, thereby alleviating incontinence 
symptoms, increasing self-confidence, and 
promoting social participation (24). Beyond 
musculoskeletal benefits, DNS improves QOL 
by enhancing multisensory integration, 
postural control, and opportunities for social 
interaction (47, 48). The psychological and social 
benefits of regular physical activity, such as 
increased vitality, improved mental health, 
and prevention of age-related disabilities, 
further contribute to QOL in older adults (49). 
In relation to the aforementioned points, some 
studies have demonstrated that DNS may 
affect QOL in older adults (17, 34, 35). The Neuro-
Motor Adaptation Theory and the Motor 
Function and Quality of Life Enhancement 
Theory support these findings, suggesting that 
DNS facilitates improved neuromuscular 
coordination and motor function, thereby 
increasing independence and well-being (50, 

51). Consequently, DNS may boost confidence 
and social engagement, enhance psychological 
health, and serve as a safe and effective 
strategy within geriatric rehabilitation 
programs. 
Caution is needed when interpreting the 
conclusions of the current study, considering 
its limitations. First, most of the included 
studies were conducted with single-sex 
groups, which limits the generalizability of the 
results to the broader older adult population. 
Second, there was considerable heterogeneity 
in intervention protocols, including 
differences in training duration, frequency, 
and intensity of DNS programs. Finally, there 
were no follow-up periods, and none of the 
studies assessed the long-term durability of 

DNS effects after cessation of the intervention. 
 
Conclusion  
This systematic review suggests that DNS 
exercises may play an important role in 
improving QOL and reducing the risk of falls 
among older adults. However, given the 
limited number of available studies, these 
findings should be interpreted with caution. 
Future research should focus on conducting 
well-designed, large-scale randomized 
controlled trials with standardized DNS 
protocols to enhance the reliability and 
comparability of results. 
 
Acknowledgments 
We are grateful to all those who participated 
in this study. 
Authors’ Contribution 
All authors contributed to the 
conceptualization, methodology, project 
administration, resources, and formal 
analysis. All authors helped in the 
investigation. All authors contributed to data 
curation. All authors approved the final 
version of the manuscript. 
Conflicts of Interest 
The authors have no conflicts of interest. 
Ethical Permission 
This review study was registered 
prospectively in PROSPERO under the number 
CRD 420251155001. 
Funding/Supports 
No funding 
 
References 
1. Naimikia M, Gholami A, Arabameri E. Effect of 

Visual manipulation during walking training on 
functional balance and selected kinematic 
parameters of gait in older women. Movement 
Behaviour [persian] 2013; 13:41-56. 

2. Davillas A, Jones AM. Biological age and predicting 
future health care utilisation. J Health Econ. 
2025;99:102956. doi: 
10.1016/j.jhealeco.2024.102956.  

3. Naja S, Makhlouf M, Chehab MAH. An ageing world 
of the 21st century: a literature review. Int J 
Community Med Public Health. 2017;4(12):4363–
9. 

4. Mohseni G, Mohammad Ali Nasab Firouzjah E. The 
Effect of Dynamic Neuromuscular Stabilization 
Exercises on Balance and Fear of Falling in Female 
Elderly. Elder Health J. 2023;9(1):16–22. 

5. Salamati S, Ebrahimi E, Rashidy P, Alavi M. Efficacy 



Ebrahimi E. etal The effect of Dynamic Neuromuscular …… 
 

 ISSN: 2476-5279: International Journal of Musculoskeletal Pain Prevention. 2025;10(4): 1287- 1294                            1293 
 

of AI-Based Pilates on Motor Performance and Fear 
of Falling in Older Adults. J Adv Para-Sport Sci. 
2025;5(1):114–22. 

6. Zahedian-Nasab, ., Jaberi, A., Shirazi, F. et al. Effect 
of virtual reality exercises on balance and fall in 
elderly people with fall risk: a randomized 
controlled trial. BMC Geriatr 21, 509 (2021). 
https://doi.org/10.1186/s12877-021-02462-w 

7. Stevens JA, Corso PS, Finkelstein EA, Miller TR. The 
costs of fatal and non-fatal falls among older adults. 
Inj Prev. 2006;12(5):290–5. 

8. Shim C, Lee Y, Lee D, Jeong B, Kim J, Choi Y, et al. 
Effect of whole body vibration exercise in the 
horizontal direction on balance and fear of falling 
in elderly people: a pilot study. J Phys Ther Sci. 
2014;26(7):1083–6. 

9. Gonçalves J, Filipe L, Van Houtven CH. Trajectories 
of disability and long-term care utilization after 
acute health events. J Aging Soc Policy. 
2025;37(1):47–70. 

10. Berry SD, Miller RR. Falls: epidemiology, 
pathophysiology, and relationship to fracture. Curr 
Osteoporos Rep. 2008;6(4):149–54. 

11. Mittaz Hager A-G, Mathieu N, Lenoble-Hoskovec C, 
Swanenburg J, de Bie R, Hilfiker R. Effects of three 
home-based exercise programmes regarding falls, 
quality of life and exercise-adherence in older 
adults at risk of falling: protocol for a randomized 
controlled trial. BMC Geriatr 2019;19,(13). 
https://doi.org/10.1186/s12877-018-1021-y  

12. Eime R, Harvey J, Payne W, Brown W. Club sport: 
Contributing to health-related quality of life? J Sci 
Med Sport. 2010;12:e90. doi:10.1016/j.jsams. 
2009.10.184 

13. Wang J, Li Y, Yang GY, Jin K. Age-Related 
Dysfunction in Balance: A Comprehensive Review 
of Causes, Consequences, and Interventions. Aging 
Dis. 2024;16(2):714–37. 

14. de Labra C, Guimaraes-Pinheiro C, Maseda A, 
Lorenzo T, Millán-Calenti JC. Effects of physical 
exercise interventions in frail older adults: a 
systematic review of randomized controlled trials. 
BMC Geriatr. 2015 ;15:154. doi: 10.1186/s12877-
015-0155-4. 

15. Rashidy P, Rahnama N. Comparison of the Effects of 
the Vivifrail and Locotra Exercise Programs on 
Motor Per-formance and Quality of Life in Older 
Adults with Locomotive Syndrome. Int J 
Musculoskelet Pain Prev. 2025;10(2):1229–35. 

16. Chou C-H, Hwang C-L, Wu Y-T. Effect of exercise on 
physical function, daily living activities, and quality 
of life in the frail older adults: a meta-analysis. Arch 
Phys Med Rehabil. 2012;93(2):237–44. 

17. Mansori MH, Moghadas Tabrizi Y. Effect of a six-
week dynamic neuromuscular stability training on 
performance factors and quality of life in the 
elderly. Sport Sci Health Res. 2020;12(1):83–92. 

18. Hurd WJ, Snyder-Mackler L. Neuromuscular 
training. Sports Spec Rehabil. 2007:247–58. 

19. Hägglund P, Hägg M, Wester P, Levring Jäghagen E. 
Effects of oral neuromuscular training on 

swallowing dysfunction among older people in 
intermediate care—a cluster randomised, 
controlled trial. Age Ageing. 2019;48(4):533–40. 

20. Huang, H., Xie, H., Zhang, G. et al. Effects of dynamic 
neuromuscular stabilization training on the core 
muscle contractility and standing postural control 
in patients with chronic low back pain: a 
randomized controlled trial. BMC Musculoskelet 
Disord 2025; 26 (213).doi.org/10.1186/s12891-
025-08417-1  

21. Frank C, Kobesova A, Kolar P. Dynamic 
neuromuscular stabilization & sports 
rehabilitation. Int J Sports Phys Ther. 2013;8(1):62-
73. 

22. Abadi Marand, L., Noorizadeh Dehkordi, S., Roohi-
Azizi, M. et al. Effect of dynamic neuromuscular 
stabilization on balance and trunk function in 
people with multiple sclerosis: protocol for a 
randomized control trial. Trials  2022;23 (69) 
doi.org/10.1186/s13063-022-06015-3. 

23. Kaushik M, Ahmad I. Bridging Dynamic 
Neuromuscular Stabilization Synergism with 
Movement Control Impairment Related Non-
Specific Low Back Pain: Scoping Review. J 
Musculoskelet Neuronal Interact. 2024;24(4):420-
432.  

24. Kobesova A, Kolar P. Developmental kinesiology: 
Three levels of motor control in the assessment 
and treatment of the motor system. J Bodyw Mov 
Ther. 2014;18(1):23–33. 

25. Yoon HS, Cha YJ, You JSH. Effects of dynamic core-
postural chain stabilization on diaphragm 
movement, abdominal muscle thickness, and 
postural control in patients with subacute stroke: A 
randomized control trial. NeuroRehabilitation. 
2020;46(3):381–9. 

26. Karartı C, Özsoy İ, Özyurt F, Basat HÇ, Özsoy G, 
Özüdoğru A. The effects of dynamic neuromuscular 
stabilization approach on clinical outcomes in older 
patients with chronic nonspecific low back pain: a 
randomized, controlled clinical trial. Somatosens 
Mot Res. 2023;40(3):116–25. 

27. Mahdieh L, Zolaktaf V, Karimi MT. Effects of 
dynamic neuromuscular stabilization (DNS) 
training on functional movements. Hum Mov Sci. 
2020;70:102568. doi: 10.1016/j.humov.2019. 
102568. 

28. Babagoltabar-Samakoush H, Aminikhah B, Bahiraei 
S. Effectiveness of dynamic neuromuscular 
stabilization training on strength, endurance, and 
flexibility in adults with intellectual disabilities, a 
randomized controlled trial. Sci Rep. 
2025;15(1):768. doi: 10.1038/s41598-024-85046-
z.  

29. Babagoltabar-Samakoush H, Aminikhah B, Bahiraei 
S. The effects and durability of an 8-week dynamic 
neuromuscular stabilization program on balance 
and coordination in adult males with intellectual 
disabilities: a randomized controlled trial. BMC 
Sports Sci Med Rehabil. 2025;17(1):18. doi: 
10.1186/s13102-025-01062-0. 

https://doi.org/10.1016/j.jsams.2009.10.184
https://doi.org/10.1016/j.jsams.2009.10.184


Ebrahimi E. etal The effect of Dynamic Neuromuscular …… 
 

 ISSN: 2476-5279: International Journal of Musculoskeletal Pain Prevention. 2025;10(4): 1287- 1294                            1294 
 

30. Amir-Behghadami M, Janati A. Population, 
Intervention, Comparison, Outcomes and Study 
(PICOS) design as a framework to formulate 
eligibility criteria in systematic reviews. Emerg 
Med J. 2020;37(6):387. doi: 10.1136/emermed-
2020-209567. 

31. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, 
Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 
statement: an updated guideline for reporting 
systematic reviews. BMJ 2021; 372 doi: 
https://doi.org/10.1136/bmj.n71. 

32. NA Y. JBI critical appraisal checklist for studies 
reporting prevalence data. 2017. 

33. Keshtiaray A, Vazneh N, Hosseini SM. The effects of 
dynamic neuromuscular stabilization exercises and 
Otago on balance, proprioception and trunk 
endurance of elderly women with a history of 
falling: A Randomized Control Trial. J Res Sport 
Rehabil. 2024;11(22):135–49. 

34. Afsari Z, Rahimi NM, Azimkhani A. Investigating the 
effects of dynamic neuromuscular stabilization 
exercises on chest mobility, upright sitting height, 
and quality of life in obese women. Phys Treat Spec 
Phys Ther J. 2024;14(2):137–46. 

35. Rashid R, Sadeghi M, Almasoodi M. The effect of 8 
weeks of dynamic neuromuscular stabilization 
training on postural control, functional 
performance and quality of life in healthy elderly 
men. Sport Sci Health Res. 2021;14(2):181–8. 

36. Far MF, Rahimi NM. The effect of dynamic 
neuromuscular stabilization exercises on urine 
control and quality of life in elderly women. J Saf 
Promot Inj Prev. 2022;10(1):33–42. 

37. Rahimi M, Hasanpor Z, Sharifi R, Haghighi M. Effect 
of eight-week dynamic neuromuscular stabilization 
training on balance, fall risk and lower extremity 
strength in healthy elderly women. Stud Sport Med. 
2020;12(28):107–26. 

38. Arruda E, Amaral AP, Politti F, Hage Y, Gomes C, 
Cesar G, et al. Immediate effects of mandibular 
mobilization on static balance in individuals with 
temporomandibular disorder pilot study. Clin Exp 
Med Lett. 2012;53(4):165–9. 

39. Shumway-Cook A, Baldwin M, Polissar NL, Gruber 
W. Predicting the probability for falls in 
community-dwelling older adults. Phys Ther. 
1997;77(8):812–9. 

40. Kobesova A, Davidek P, Morris CE, Andel R, 
Maxwell M, Oplatkova L, et al. Functional postural-
stabilization tests according to Dynamic 
Neuromuscular Stabilization approach: Proposal of 
novel examination protocol. J Bodyw Mov Ther. 

2020;24(3):84–95. 
41. Hopper AJ, Haff EE, Joyce C, Lloyd RS, Haff GG. 

Neuromuscular Training Improves Lower 
Extremity Biomechanics Associated with Knee 
Injury during Landing in 11-13 Year Old Female 
Netball Athletes: A Randomized Control Study. 
Front Physiol. 2017;8:883. doi: 10.3389/fphys. 
2017.00883.  

42. Davids K, Glazier P, Araujo D, Bartlett R. Movement 
systems as dynamical systems: the functional role 
of variability and its implications for sports 
medicine. Sports Med. 2003;33(4):245–60. 

43. Kim DH, Lee JJ, You SH. Best core stabilization 
exercise to facilitate subcortical neuroplasticity: A 
functional MRI neuroimaging study. Technol Health 
Care. 2018;26(3):401–7. 

44. Siahkohian M, Bolboli L. The effect of pilates 
training on immune markers in elderly men. J 
Health Promot Manag. 2020;9(2):56–66. 

45. Frank C, Kobesova A, Kolar P. Dynamic 
neuromuscular stabilization & sports 
rehabilitation. Int J Sports Phys Ther. 2013; 8(1): 
62–73. 

46. Sharma K, Yadav A. Dynamic neuromuscular 
stabilization-a narrative. Int J Health Sci Res. 
2020;10(9):221–31. 

47. Dakin CJ, Bolton DAE. Forecast or Fall: Prediction's 
Importance to Postural Control. Front Neurol. 
2018;9:924. doi: 10.3389/fneur.2018.00924.  

48. Paillard T. Methods and Strategies for 
Reconditioning Motor Output and Postural Balance 
in Frail Older Subjects Prone to Falls. Front Physiol. 
2021;12:700723. doi: 10.3389/fphys.2021.700723.  

49. De Vries N, Van Ravensberg C, Hobbelen J, Rikkert 
MO, Staal J, Nijhuis-Van der Sanden M. Effects of 
physical exercise therapy on mobility, physical 
functioning, physical activity and quality of life in 
community-dwelling older adults with impaired 
mobility, physical disability and/or multi-
morbidity: a meta-analysis. Ageing Res Rev. 
2012;11(1):136–49. 

50. Doronzo F, Peconio G. Towards the guidelines: 
application of technologies, in neuro-motor 
rehabilitation, in order to improve psycho-
cognitive skills. Med Humanit Med Narrat. 
2022;6(2):159–74. 

51. Scano A, Guanziroli E, Brambilla C, Amendola C, 
Pirovano I, Gasperini G, et al., editors. A narrative 
review on multi-domain instrumental approaches 
to evaluate neuromotor function in rehabilitation. 
Healthcare 2023; 11(16), 2282; 
https://doi.org/10.3390/healthcare11162282. 

 

 

https://doi.org/10.1136/bmj.n71
https://doi.org/10.3390/healthcare11162282

