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ABSTRACT 
Background: Prolonged use of media devices has been strongly linked to changes in posture, with forward head posture 
(FHP) being the most common presentation. This postural alteration can influence respiratory mechanics and 
diaphragmatic function. 
Objectives: This study explored whether adding threshold inspiratory muscle training (IMT) to a conventional 
rehabilitation program could improve ventilatory function, diaphragmatic excursion, and craniocervical angle in young 
women with FHP. 
Methods: Sixty females (18–25 years) with FHP were randomly assigned to two groups. Group A received interval IMT 
(50–70% 1RM, three sessions/week for 12 weeks) combined with a conventional postural corrective program, while Group 
B received a conventional program alone. Outcomes included measurements of the craniocervical angle (CCA) using a 
digital camera. Spirometry indices (FVC, FEV1, FEV1/FVC, PEFR), diaphragmatic excursion by using M model 
Ultrasonography (LOG IQ E10S), and chest expansion. 
Results: Both groups improved significantly in all measures post-intervention (p < 0.05). However, IMT Group showed 
better gains in FEV1 (+3.73%, p = 0.002), FEV1/FVC (+3.86%, p = 0.0001), PEFR (+8.20%, p = 0.0001), diaphragmatic 
excursion (+0.73 cm, p = 0.0001), and lower-lobe chest expansion (+0.76 cm, p = 0.0001). 
Conclusion: Incorporating IMT into standard corrective exercises enhances diaphragmatic function and ventilatory 
efficiency, while also improving cervical posture. These findings suggest that IMT can be a valuable addition to 
rehabilitation programs for individuals with FHP. 
Keywords: Forward head posture; Craniocervical angle; Ventilatory function; Diaphragmatic excursion; Peak expiratory 
flow rate. 
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INTRODUCTION 
Forward head posture (FHP) is a prevalent musculoskeletal 
disorder linked to prolonged use of modern digital 
technologies. Sustained engagement with smartphones and 
computers imposes continuous static loading on the cervical 
spine, leading to hyperextension of the upper cervical 
vertebrae and anterior displacement of the lower cervical 
segments 1, 2. Global smartphone ownership is estimated at 
90%, representing over 7.2 billion users 3. Meanwhile, in 
Egypt alone, active mobile subscriptions surpassed 84 
million as of 2024, according to the Ministry of 
Communications and Information Technology (MCIT) 4. 
This pervasive device usage highlights the increasing 
relevance of postural dysfunction, particularly among 

adolescents and young adults 5-8. FHP is not merely a 
postural deviation; it is functionally consequential. Altered 
cervical alignment has been shown to affect motor control, 
chest wall mechanics, and diaphragmatic function 9. 
Individuals with FHP typically exhibit a reduced 
craniocervical angle (CCA), diminished chest expansion, 
impaired diaphragmatic excursion, and greater reliance on 
accessory respiratory muscles such as the 
sternocleidomastoid 10. These biomechanical alterations 
increase the work of breathing, restrict thoracoabdominal 
mobility, and compromise ventilatory efficiency 11, 12. 
Notably, even short-term adoption of FHP can attenuate 
phrenic nerve activity, thereby reducing diaphragmatic 
contractility and lung volumes 9, 13. Given that respiration 
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involves intricate interactions between mechanical and non-
mechanical factors, including age, lifestyle, disease, and 
posture, postural deviations like FHP can significantly 
disrupt normal breathing patterns 14. 
Inspiratory muscle training (IMT) has been proposed as a 
targeted intervention to mitigate the respiratory 
dysfunctions associated with FHP. Through the application 
of threshold loading, IMT promotes inspiratory muscle 
strength and endurance, improves diaphragmatic mobility, 
and augments ventilatory capacity 15. Threshold IMT 
devices are widely regarded as simple, cost-effective, and 
clinically validated tools for these purposes 16. 
Nevertheless, despite accumulating evidence supporting the 
efficacy of IMT in pulmonary rehabilitation, its specific 
effects on diaphragmatic function and postural correction in 
individuals with FHP remain insufficiently investigated. 
Accordingly, we aimed to examine the effects of threshold 
IMT on respiratory function, diaphragmatic excursion, and 
CCA in young women with FHP. 
MATERIALS AND METHODS  
Study design and Participants  
This randomized controlled trial employed a parallel-group 
design and was carried out in the outpatient clinics of the 
Faculty of Physical Therapy at Misr University for Science 
and Technology. Sixty female volunteers aged 18–25 years, 

all diagnosed with FHP, defined as a CCA between 30° and 
50°, were recruited from the same institution. Participants 
also met the criterion of having a BMI of 24.9–29.9 kg/m². 
Exclusion criteria comprised neurological or 
neuromuscular conditions affecting respiratory muscles 
(e.g., cervical disc bulge, muscular dystrophy), prior 
cervical spine surgery, musculoskeletal deformities such as 
scoliosis or kyphoscoliosis, and a history of chronic 
respiratory disease. Block randomization was used to 
allocate participants into two equal groups (n = 30 per 
group). Specifically, participants were divided into blocks 
of six, and within each block, individuals were randomly 
allocated to either the experimental or control group (Figure 
1). 
The Research Ethics Committee of the Faculty of Physical 
Therapy, Cairo University, Egypt, authorized the study (P.T. 
REC/012/003457) and was prospectively registered on 
ClinicalTrials.gov (ID: NCT06571578). All procedures 
followed the Declaration of Helsinki, with all participants 
signing informed consent after a thorough explanation of 
the study's purpose, potential benefits, and their right to 
withdraw at any time without penalty. 

 

 

Figure 1. Study flowchart.

Procedures  
Participants were assigned at random to two equal groups 
(n = 30 per group). The experimental group (Group A) 

received threshold IMT and a conventional FHP exercise 
program, whereas the control group (Group B) performed 
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only the conventional program. Both groups trained three 
times weekly for 12 weeks. 
In Group A, IMT was delivered using the Threshold 
Inspiratory Muscle Trainer (Model HS 730-010, UK). 
Participants inhaled through an individual mouthpiece 
while wearing a nasal clip to prevent air leakage. The device 
employs a spring-loaded valve that opens only when 
inspiratory effort exceeds a predetermined threshold, 
thereby providing consistent resistance independent of 
airflow rate. The training protocol followed a high-intensity 
interval training model 17. Intensity was progressively 
increased from 50% of one-repetition maximum (1RM) 
during weeks 1–2, to 60% during weeks 3–4, and 
maintained at 70% for weeks 5–12. Each session comprised 
three cycles of 2 minutes of high-intensity breathing (50–
70% 1RM) interspersed with 2 minutes of active recovery 
at low intensity (20% 1RM), with a 2-minute rest between 
cycles 18. 
The conventional exercise program for FHP comprised 
three components, performed three times weekly for 12 
weeks: (I) Stretching exercises for A) For the scalene and 
levator scapulae muscles: Participants sat on a chair, tilted 
their chin downward toward one shoulder, and applied 
gentle overpressure with the ipsilateral hand on the head, 
maintaining the stretch for 30–60 seconds. B) For the upper 
fibers of the trapezius: Participants side-bent the neck by 
bringing the ear toward the shoulder and used the ipsilateral 
hand to deepen the stretch, holding the position for 30–60 
seconds 19; (II) Cervical isometric exercises: Performed in 
a seated position, participants applied manual resistance 
with their hands against the forehead, occiput, and sides of 
the head to isometrically engage cervical flexors, extensors, 
rotators, and lateral flexors. Each contraction lasted 10 
seconds, followed by 15 seconds of rest, repeated 10–15 
times per direction 20; (III) The postural correction 
exercise: Participants began by gently rolling the pelvis 
forward to achieve a neutral, upright sitting posture, then 
retracted and depressed the scapulae, and performed an 
occipital lift to align the head over the trunk. Additionally, 
for suboccipital muscle stretching, participants sat upright, 
gently tucked their chin toward their neck (cranio-cervical 
flexion), and applied slight downward pressure with both 
hands on the top of their head, holding the position for 10 
seconds. This maneuver was repeated five times per 
session 19. 
Outcome measures  
Primary and secondary outcome measures were assessed at 
baseline and after 12 weeks. CCA was evaluated from 
lateral-view photographs. Participants stood in a 
standardized position, with their feet shoulder-width apart, 
their arms relaxed at their sides, and their gaze fixed on a 
target at eye level. A digital camera equipped with a triple 
rear camera system (50 MP wide-angle, 8 MP ultra-wide, 
and 5 MP macro lenses) was mounted on a tripod at the 
height of the seventh cervical vertebra (C7) and positioned 
1.5 meters laterally from the participant's right foot 21. 
Images were analyzed using Kinovea software (version 
Kinovea-2023.1.2.exe) to determine the CCA, defined as 
the angle formed between a horizontal line passing through 
the C7 spinous process and a line connecting C7 to the 

midpoint of the tragus of the ear 22. Based on established 
criteria, a CCA greater than 50° was classified as normal 
posture, 30°–50° as mild to moderate FHP, and below 30° 
as severe FHP 23. 
Ventilatory Function Assessment: Pulmonary function was 
evaluated by a digital spirometer (CONTEC SP10, China) 
to measure forced vital capacity (FVC), forced expiratory 
volume in one second (FEV₁), the FEV₁/FVC ratio, and 
peak expiratory flow rate (PEFR). Before testing, the device 
was calibrated according to the manufacturer's guidelines. 
Participant identification was verified, and demographic 
and anthropometric data, including age, sex, race, height 
(measured barefoot), and weight, were recorded to enable 
calculation of predicted values. During testing, participants 
sat upright with feet flat on the floor, wore loose-fitting 
clothing to avoid restricting thoracic expansion, and were 
instructed to refrain from engaging accessory or abdominal 
muscles during maneuvers. Results were expressed as 
percentages of predicted values 24. 
Diaphragmatic Excursion Measurement (cm): 
Diaphragmatic excursion was assessed via M-mode 
ultrasonography using a LOGIQ E10S system. A trained 
radiologist performed all scans, focusing on the right 
hemidiaphragm due to the superior acoustic window and 
reduced interference from gastric and splenic structures 
compared to the left side. The transducer was positioned on 
the anterior subcostal region, midway between the anterior 
axillary and midclavicular lines. Participants performed a 
maximal inhalation followed by a complete exhalation, and 
two M-mode sweeps were captured, one at peak inspiration 
and one at end-expiration, to quantify diaphragmatic 
displacement in centimeters 25. 
Chest Expansion Assessment: Chest expansion was 
measured at three anatomical levels using a flexible tape 
measure: (1) upper thorax at the second intercostal space, 
(2) mid-thorax at the fourth intercostal space (nipple line), 
and (3) lower thorax at the xiphoid process. Participants 
first exhaled fully, then inhaled maximally; the difference 
in circumference between these two states represented chest 
expansion at each level. Three trials were conducted at each 
site, and the mean value was utilized for analysis 26. 
Statistical analysis  
Statistical analyses were performed using SPSS (v25, 
SPSS, Inc., Chicago, IL). An independent-samples t-test 
was used to determine baseline comparability between 
groups with respect to demographic characteristics (age, 
height, weight, and BMI). To evaluate the effects of the 
intervention over time and between groups, a mixed-design 
2 × 2 multivariate analysis of variance (MANOVA) was 
conducted. The between-subjects factor was group 
allocation (experimental vs. control), and the within-
subjects factor was time (pre- vs. post-intervention). The 
dependent variables included CCA, FVC, FEV₁/FVC ratio, 
PEFR, diaphragmatic excursion, and chest expansion. 
 
Results  
The participants in both groups revealed no significant 
differences in age, height, weight, or BMI at baseline or 
post-intervention (p > 0.05; Table 1). 
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Table 1. Participants' general characteristics 
Items Subjects general characteristics 

Age (Year) Weight  (kg) Height (cm) BMI (kg/m2) 
Group A (n=30) 22.23 ±0.81 67.57 ±3.85 162.07 ±4.51 25.71 ±0.90 
Group B (n=30) 22.30 ±1.02 66.83 ±4.90 160.37 ±3.82 25.95 ±0.79 
t-value 0.279 0.644 1.574 1.073 
P-value 0.781 0.522 0.121 0.288 
Significance NS NS NS NS 

Data are expressed as Mean ±Standard Deviation (SD); P-value: Probability value; NS: Non-significant  
 
At baseline, there were no significant differences between 
the two groups in CCA, FVC, FEV₁, FEV₁/FVC ratio, 
PEFR, diaphragmatic excursion, or chest expansion (all p > 
0.05). Following the 12-week intervention, both groups 
demonstrated significant within-group improvements in all 

measured parameters (p < 0.05; Table 2). However, 
between-group comparisons revealed that Group A 
exhibited significantly greater improvements than Group B 
in FEV₁, FEV₁/FVC ratio, PEFR, diaphragmatic excursion, 
and lower lobe chest expansion (p < 0.05). 

 
Table 2. Within-group comparison regarding craniocervical angles, ventilatory function, diaphragmatic excursion, and 

chest expansion
  Group A Group B F-test Value P-value 

x̄±SD x̄±SD 
craniocervical angle 
(CCA) (degree) 

Pre- intervention 38.75 ±2.84 39.53 ±2.24 1.533 0.218 
Post-intervention 47.21 ±2.12 47.29 ±2.48 0.016 0.899 
%of change 21.83% 19.63%   
Within-group comparison 0.0001* 0.0001*   

Forced vital capacity 
(FVC) (%) 

Pre- intervention 61.30 ±3.78 62.00 ±4.76 0.511 0.476 
Post-intervention 69.53 ±2.66 69.06 ±3.65 0.227 0.634 
%of change 13.43% 11.39%   
Within-group comparison 0.0001* 0.0001*   

Forced expiratory volume 
in the first second (FEV1) 
(%) 

Pre- intervention 69.00 ±4.11 68.93 ±5.45 0.003 0.954 
Post-intervention 77.13 ±3.32 73.40 ±4.68 10.505 0.002* 
%of change 11.87% 6.48%   
Within-group comparison 0.0001* 0.0001*   

FEV1/FVC ratio (%) Pre- intervention 111.93 ±2.79 111.93 ±1.20 0.000 1.000 
Post-intervention 106.80 ±3.95 110.66 ±1.82 31.834 0.0001* 
%of change 4.58% 1.13%   
Within-group comparison 0.0001* 0.047*   

Peak expiratory flow rate 
(PEFR) (%)  

Pre- intervention 70.56 ±9.96 69.26 ±7.14 0.512 0.522 
Post-intervention 87.26 ±5.86 79.06 ±7.84 16.379 0.0001* 
%of change 23.67% 14.15%   
Within-group comparison 0.0001* 0.0001*   

Diaphragmatic excursion 
(cm) 

Pre- intervention 3.81 ±0.53 3.75 ±0.35 0.202 0.654 
Post-intervention 4.84 ±0.65 4.11 ±0.53 28.775 0.0001* 
%of change 27.03% 9.60%   
Within-group comparison 0.0001* 0.009*   

Upper lobe chest 
expansion test (cm) 

Pre- intervention 3.77 ±0.56 3.80 ±0.66 0.639 0.426 
Post-intervention 4.97 ±0.85 4.56 ±0.50 1.734 0.189 
%of change 31.83% 20.00%   
Within-group comparison 0.0001* 0.0001*   

Middle lobe chest 
expansion test (cm) 

Pre- intervention 4.03 ±0.31 3.90 ±0.71 0.760 0.385 
Post-intervention 5.16 ±0.59 4.88 ±0.66 3.434 0.066 
%of change 28.04% 25.13%   
Within-group comparison 0.0001* 0.0001*   

Lower lobe chest 
expansion test (cm) 

Pre- intervention 4.46 ±0.50 4.43 ±0.62 0.051 0.821 
Post-intervention 5.96 ±0.58 5.20 ±0.55 27.200 0.0001* 
%of change 33.63% 17.38%   
Within-group comparison 0.0001* 0.0001*   

x̄: Mean; SD: Standard deviation; *: Significant (P<0.05); P-value: probability value; %: Percentage 
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DISCUSSION  
This study aimed to evaluate the effects of threshold IMT 
on respiratory function, diaphragmatic excursion, and CCA 
in young women with FHP. Results demonstrated a 
significant improvement in CCA in both groups, consistent 
with prior evidence indicating that postural corrective 
exercises effectively increase CCA and alleviate FHP 27-
30. Ventilatory function, assessed via FVC, FEV₁, PEF, and 
FEV₁/FVC ratio, also improved in both groups following 
the intervention. However, Group A exhibited significantly 
greater gains in FEV₁, PEF, and FEV₁/FVC compared to 
Group B, which received only conventional exercises. 
These findings align with Parida et al.31, who reported that 
combining breathing exercises with postural correction 
yields superior peak expiratory flow rate improvements 
among individuals with FHP compared to postural 
correction alone. Similarly, Yu et al.32 observed that 
integrating cervical stabilization with breathing exercises 
significantly enhanced multiple pulmonary function 
indices, including FVC, FEV₁, PEF, and FVC/VC max%, in 
participants with FHP. Furthermore, Mohammed et al.33 
documented significant improvements in FEV₁%, 
FEV₁/FVC, and FVC% following IMT in occupational 
COPD patients, underscoring the broader applicability of 
IMT in enhancing respiratory mechanics. 
The second key finding of this study was the improvement 
in diaphragmatic excursion, which was observed in both 
groups but was significantly greater in Group A. This aligns 
with Dareh-deh et al.34, who reported increased 
diaphragmatic electromyographic (EMG) activity after an 
8-week multimodal program incorporating breathing 
exercises, resistance training, and stretching. Threshold 
IMT enhances respiratory muscle strength (RMS) by 
imposing a progressive inspiratory load that stimulates both 
the diaphragm and accessory inspiratory muscles 35. This 
mechanical stimulus may promote structural and functional 
adaptations, including diaphragm hypertrophy, potentially 
facilitated by the high oxidative and glycolytic capacity of 
types I and II fibers in the external intercostal muscles 36. 
Supporting this, Mansfield et al. demonstrated that 
threshold IMT significantly increases maximal inspiratory 
pressure and thoracoabdominal tidal volume during 
exercise in healthy older adults, thereby reducing 
mechanical constraints on the chest wall and augmenting 
diaphragmatic power 37. Chest wall expansion, particularly 
at the lower rib cage, is influenced by multiple factors, 
including lung and chest wall elasticity, inspiratory muscle 
strength, and the execution of breathing exercises that 
emphasize thoracic mobility. Prior research has established 
a positive correlation between inspiratory muscle strength 
and chest expansion in healthy individuals 38, which helps 
explain the significantly greater improvement in lower lobe 
chest expansion observed in the IMT group. Collectively, 
these findings suggest that IMT enhances diaphragmatic 
excursion by strengthening the primary inspiratory muscles, 
which in turn facilitates greater caudal displacement of the 
diaphragm during inspiration. This mechanical action 
directly increases lower thoracic expansion and contributes 
to improved lung volumes in FHP individuals.  

Our findings highlight the clinical utility of integrating 
threshold IMT into conventional postural rehabilitation for 
young women with FHP. Given that FHP is associated with 
impaired diaphragmatic function, reduced ventilatory 
efficiency, and altered thoracoabdominal mechanics, IMT 
provides a targeted, adjunctive strategy to enhance 
inspiratory muscle strength, increase diaphragmatic 
excursion, and improve lower chest wall expansion. 
Clinicians managing individuals with posture-related 
respiratory compromise, particularly those whose 
symptoms are exacerbated by prolonged use of digital 
devices, should consider IMT as an evidence-based 
complement to standard corrective exercises, concurrently 
optimizing postural alignment and pulmonary function. 
This approach may be especially relevant in populations 
characterized by high levels of sedentary behavior and 
screen exposure, where musculoskeletal and respiratory 
dysfunctions frequently coexist. 
Despite these promising results, several limitations should 
be considered. First, the sample was restricted to young 
adult women, limiting the findings' generalizability to 
males or older age groups. Second, the 12-week 
intervention period precluded assessment of long-term 
adherence and sustained effects, leaving the durability of 
observed benefits uncertain. Third, only a single threshold 
IMT device was employed; alternative devices or resistance 
protocols might produce different physiological responses. 
Finally, unmeasured psychosocial and lifestyle variables, 
such as habitual physical activity, sleep quality, and 
ergonomic practices, were not controlled, and these may 
have confounded the outcomes. Future studies should 
address these gaps by examining the long-term efficacy of 
IMT, its applicability across diverse demographic groups, 
and the comparative effectiveness of varying IMT 
modalities and training intensities. 
 
CONCLUSIONS  
This study proves that supplementing conventional 
corrective exercises with threshold IMT leads to 
significantly greater improvements in pulmonary function, 
diaphragmatic excursion, and chest wall expansion among 
young women with FHP. These findings support the 
integration of IMT as a complementary, evidence-based 
component in the rehabilitation of FHP to enhance both 
respiratory and postural outcomes. 
 
Conflicts of interest  
None. 
 
REFERENCES 
1. Ashok K, Purushothaman VK, Muniandy Y. 

Prevalence of forward head posture in electronic 
gamers and associated factors. International Journal 
of Aging Health and Movement. 2020;2(2):19-27. 

2. Lee NK, Jung SI, Lee DY, Kang KW. Effects of 
Exercise on Cervical Angle and Respiratory Function 
in Smartphone Users. PHRP. 2017;8(4):271-4. doi: 
10.24171/j.phrp.2017.8.4.07. 



Page: 1 6 2 2   

 Impact of Threshold Inspiratory Muscle Training on Diaphragmatic Function and Ventilatory Efficiency in Individuals with Forward 
Head Posture 

IJDDT, Volume 16 Issue 84s, 2026 
 

3. Al-Khlaiwi T, Habib SS, Alshalan M, Al-Qhatani M, 
Alsowiegh S, Queid S, et al. Comparison of mobile 
phone usage and physical activity on glycemic status, 
body composition & lifestyle in male Saudi mobile 
phone users. Heliyon. 2022;8(9). 

4. Online A. Mobile phone users in Egypt saw improved 
services in Q4 of 2024: NTRA. Ahram Online. 2025. 

5. Naz A, Bashir MS, Noor R. Prevalance of forward 
head posture among university students. Rawal Med 
J. 2018;43(2):260-2. 

6. Kiruthika S, Rekha K, Preethy G, Abraham M. 
Prevalence of postural dysfunction among female 
college students-a qualitative analysis. Biology and 
Medicine. 2018;10(1):1-3. doi: 10.4172/0974-
8369.1000421. 

7. Ramalingam V, Subramaniam A. Prevalence and 
associated risk factors of forward head posture among 
university students. Indian J Public Health Res Dev. 
2019;10:775. doi: 10.5958/0976-5506.2019.01669.3. 

8. Fatharani LF, Purnamasari R, Ramadhan MRD, 
Adhyatma GP. Prevalence and Characteristics of 
Forward Head Posture among University Students. 
Journal of Public Health and Pharmacy. 2025;5(1):96-
104. doi: 10.56338/jphp.v5i1.5027. 

9. Kang JI, Jeong DK, Choi H. Correlation between 
pulmonary functions and respiratory muscle activity 
in patients with forward head posture. J Phys Ther Sci. 
2018;30(1):132-5. doi: 10.1589/jpts.30.132. 

10. Zafar H, Albarrati A, Alghadir AH, Iqbal ZA. Effect 
of Different Head-Neck Postures on the Respiratory 
Function in Healthy Males. Biomed Res Int. 
2018;2018:4518269. doi: 10.1155/2018/4518269. 

11. Maden C, Turhan B, Maden T, Bayramlar K. 
Investigating the effects of head posture muscles' 
viscoelastic parameters on pulmonary and functional 
capacity in healthy individuals. Physiotherapy 
Quarterly. 2021;29(3):62-7. doi: 
10.5114/pq.2021.105885. 

12. Deshmukh MP, Palekar TJ, Manvikar N, Makker KS, 
Mali C. Prevalence of breathing dysfunction in 
musculoskeletal complaints: A cross sectional study. 
Int J Health Sci Res. 2022;12(2):146-52. doi: 
10.52403/ijhsr.20220220. 

13. Alonazi A, Almutairi W, Bains G, Daher N, Alismail 
A. Effects of smartphone addiction on children's lung 
function. Pediatr Int. 2021;63(3):323-30. doi: 
10.1111/ped.14367. 

14. Deniz Y, Ertekın D, Cokar D. The effect of forward 
head posture on dynamic lung volumes in young 
adults: a systematic review. Bulletin of Faculty of 
Physical Therapy. 2024;29(1):15. doi: 
10.1186/s43161-024-00186-7. 

15. Chung Y, Huang T-Y, Liao Y-H, Kuo Y-C. 12-week 
inspiratory muscle training improves respiratory 
muscle strength in adult patients with stable asthma: a 
randomized controlled trial. Int J Environ Res Public 
Health. 2021;18(6):3267. doi: 
10.3390/ijerph18063267. 

16. Rezkallah S, Abd El-Hady A, Hamid A, Botros F. 
Sonographic response of diaphragmatic excursion to 
threshold inspiratory muscle trainer in elderly. Med J 
Cairo Univ. 2017;85(2):541-5. 

17. Bissett B, Leditschke IA, Green M, Marzano V, 
Collins S, Van Haren F. Inspiratory muscle training for 
intensive care patients: A multidisciplinary practical 
guide for clinicians. Aust Crit Care. 2019;32(3):249-
55. doi: 10.1016/j.aucc.2018.06.001. 

18. Patsaki I, Kouvarakos A, Vasileiadis I, Koumantakis 
GA, Ischaki E, Grammatopoulou E, et al. Low-
Medium and High-Intensity Inspiratory Muscle 
Training in Critically Ill Patients: A Systematic 
Review and Meta-Analysis. Medicina (Kaunas). 
2024;60(6). doi: 10.3390/medicina60060869. 

19. Kisner C, Colby LA, Borstad J. Therapeutic exercise: 
foundations and techniques: Fa Davis; 2017. 

20. Sadeghi A, Rostami M, Ameri S, Karimi Moghaddam 
A, Karimi Moghaddam Z, Zeraatchi A. Effectiveness 
of isometric exercises on disability and pain of 
cervical spondylosis: a randomized controlled trial. 
BMC Sports Science, Medicine and Rehabilitation. 
2022;14(1):108. doi: 10.1186/s13102-022-00500-7. 

21. Carrasco-Uribarren A, Marimon X, Dantony F, 
Cabanillas-Barea S, Portela A, Ceballos-Laita L, et al. 
A Computer Vision-Based Application for the 
Assessment of Head Posture: A Validation and 
Reliability Study. Applied Sciences. 2023;13(6):3910. 
doi: 10.3390/app13063910. 

22. Oakley PA, Moustafa IM, Haas JW, Betz JW, Harrison 
DE. Two Methods of Forward Head Posture 
Assessment: Radiography vs. Posture and Their 
Clinical Comparison. J Clin Med. 2024;13(7). doi: 
10.3390/jcm13072149. 

23. Stincel OR, Oravitan M, Pantea C, Almajan-Guta B, 
Mirica N, Boncu A, et al. Assessment of Forward 
Head Posture and Ergonomics in Young IT 
Professionals - Reasons to Worry? Med Lav. 
2023;114(1):e2023006. doi: 
10.23749/mdl.v114i1.13600. 

24. Graham BL, Steenbruggen I, Miller MR, 
Barjaktarevic IZ, Cooper BG, Hall GL, et al. 
Standardization of Spirometry 2019 Update. An 
Official American Thoracic Society and European 
Respiratory Society Technical Statement. Am J Respir 
Crit Care Med. 2019;200(8):e70-e88. doi: 



Page: 1 6 2 3   

 Impact of Threshold Inspiratory Muscle Training on Diaphragmatic Function and Ventilatory Efficiency in Individuals with Forward 
Head Posture 

IJDDT, Volume 16 Issue 84s, 2026 
 

10.1164/rccm.201908-1590ST. 
25. Ahmad A, Kamel KM, Mohammed RG. Effect of 

forward head posture on diaphragmatic excursion in 
subjects with non-specific chronic neck pain. A case-
control study. Physiotherapy Quarterly. 2022;28(3):9-
13. doi: 10.5114/pq.2020.95769. 

26. Rahman A, An'Am K, Mat Isa NF, Mirza FT. Ratio for 
upper, middle and lower chest expansion in healthy 
Malaysian adults aged 20 to 40 years/Khairul An'Am 
Ali Rahman, Natila Fazlina Mat Isa & Fatim Tahirah 
Mirza. Health Scope. 2020;3(1):7-11. 

27. Heydari Z, Sheikhhoseini R, Shahrbanian S, Piri H. 
Establishing minimal clinically important difference 
for effectiveness of corrective exercises on 
craniovertebral and shoulder angles among students 
with forward head posture: a clinical trial study. BMC 
Pediatr. 2022;22(1):230. doi: 10.1186/s12887-022-
03300-7. 

28. Singh V, Singh S, Kaushal K. Effect of exercise 
program on forward head posture and chest expansion 
in students of Adesh University. Int J Health Sci Res. 
2020;10(3):168-71. 

29. Abd El-Azeim AS, Mahmoud AG, Mohamed MT, El-
Khateeb YS. Impact of adding scapular stabilization 
to postural correctional exercises on symptomatic 
forward head posture: a randomized controlled trial. 
Eur J Phys Rehabil Med. 2022;58(5):757-66. doi: 
10.23736/s1973-9087.22.07361-0. 

30. Mohamed AA, Jan YK, Raoof NA, Kattabei O, 
Moustafa I, Hosny H. Effect of Biofeedback 
Corrective Exercise on Reaction Time and Central 
Somatosensory Conduction Time in Patients With 
Forward Head Posture and Radiculopathy: A 
Randomized Controlled Study. J Chiropr Med. 
2022;21(1):39-50. doi: 10.1016/j.jcm.2022.01.001. 

31. Parida P, Pattnaik A, Parija S. Effectiveness of 
Breathing Exercise and Posture Correction Exercise 
in Improving Peak Expiratory Flow Rate in Adults 
with Forward Head Posture: A Randomized 

Controlled Trial. 2024. 
32. Yu L, Gu Q, Kim T. The effects of cervical 

stabilization exercises with breathing exercises on 
respiratory function in subjects with forward head 
posture. WSEAS Trans Syst Control. 2021;16:486-92. 
doi: 10.37394/23203.2021.16.44. 

33. Mohammed M, Mehani S, Aziz AA, Mohamed MF, 
El Nahas N. Efficacy of threshold inspiratory muscle 
trainer versus diaphragmatic plus pursed lip breathing 
in occupational COPD. Beni-Suef University Journal 
of Basic and Applied Sciences. 2023;12(1):73. doi: 
10.1186/s43088-023-00409-1. 

34. Dareh-Deh HR, Hadadnezhad M, Letafatkar A, 
Peolsson A. Therapeutic routine with respiratory 
exercises improves posture, muscle activity, and 
respiratory pattern of patients with neck pain: a 
randomized controlled trial. Sci Rep. 
2022;12(1):4149. doi: 10.1038/s41598-022-08128-w. 

35. Fatma Aboelmagd M, Hamada HA, Saab IM. Effect 
of inspiratory muscle training on diaphragm mobility 
and functional capacity in elderly: A randomized 
clinical trial. Fizjoterapia Pol. 2019;19(2):28-32. 

36. Shei R-J, Paris HL, Sogard AS, Mickleborough TD. 
Time to Move Beyond a "One-Size Fits All" 
Approach to Inspiratory Muscle Training. Front 
Physiol. 2022;Volume 12 - 2021. doi: 
10.3389/fphys.2021.766346. 

37. Manifield J, Alexiou C, Megaritis D, Baker K, Adams 
N, Barry G, et al. Effects of inspiratory muscle 
training on thoracoabdominal volume regulation in 
older adults: A randomised controlled trial. Respir 
Physiol Neurobiol. 2024;326:104278. doi: 
10.1016/j.resp.2024.104278. 

38. Boonla O, Prasertsri P, Srithawong A. Inspiratory 
muscle training improves thoracic expansion and six-
minute walking distance in female subjects with 
inspiratory muscle weakness. Journal of 
Physiological and Biomedical Sciences. 
2019;32(1):5-10.  

 


