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Abstract 

Undergraduates' daily routines often involve prolonged sitting during lectures, seminars, and study sessions, 

potentially leading to postural disorders. Sustained improper posture can result in forward head posture (FHP), 

particularly in sedentary situations where individuals frequently maintain static positions for extended 

periods.This study investigated the relationship between FHP and active sagittal cervical range of motion (ROM) in 

undergraduates. An active sagittal cervical ROM assessment was conducted on undergraduate participants 

exhibiting a craniovertebral angle (CVA) of less than 48 degrees. Forty-nine volunteers aged 18 to 21 years 

participated. FHP was assessed using CVA measurements. Volunteers with a CVA greater than 48 degrees were 

excluded. Cervical flexion and extension were assessed using a goniometer. Each measurement was conducted 

twice to ensure accuracy, and the mean of the two measurements was calculated. The mean CVA was 40.24 ± 4.013 

degrees, the total sagittal cervical ROM was 84.26 ± 9.993 degrees, and the mean values for cervical flexion and 

extension were 25.38 ± 4.101 degrees and 58.87 ± 8.464 degrees, respectively. A Spearman correlation test 

indicated a decreased craniovertebral angle correlated with a reduced sagittal cervical range of motion in 

undergraduates (r = 0.41, p = 0.003). These results indicate a positive relationship between FHP and active sagittal 

cervical range of motion in undergraduates 
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1. Introduction  

Prolonged improper posture might result in forward head posture (FHP). This is particularly relevant in 

sedentary situations, where individuals frequently adopt static postures for prolonged periods (H. Lee et al., 

2024). Forward head posture (FHP) is prevalent in the contemporary digital era and is characterized by 

increased screen time and sedentary habits (Abu-Ghosh et al., 2024). FHP is characterized by an excessive 

curvature of the cervical spine resulting from the extension of the head and upper cervical vertebrae (Cl–C3) 

and the flexion of the lower cervical vertebrae (C4–C7) (Ahmed et al., 2024). Forward head posture (FHP) is 

a prevalent postural deviation in the sagittal plane, typically characterized by excessive anterior positioning of 

the head relative to the shoulders. According to Lin et al. (2022), the prevalence of FHP in the general 

population is 30–45%. Shibasaki et al. (2025) further reported that FHP is a prevalent postural abnormality 

among undergraduates aged 18 to 30, with a prevalence rate of 73%. (Kamble et al., 2024). Forward head 

posture (FHP) is highly prevalent among young adults and university students, with reported rates ranging 

from 63.3% to 90% (Abu-Taleb et al., 2025). Elhafez et al. (2024) further reported a prevalence of 70% 
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among young adults, affecting 60% of males and 75% of females. Forward head posture (FHP) correlates 

with the weakening and elongation of the upper cervical flexors and lower cervical extensors, with the 

shortening of the upper cervical extensors and lower cervical flexors (Maddah et al., 2025). This demonstrates 

a reduction in cervical lordosis, modifications in thoracic kyphosis, and alterations in scapular protraction and 

downward rotation, attributable to rhomboid and middle trapezius weakness, along with pectoralis minor 

tightness (Bhende et al., 2024). 

The cervical spine generally exhibits the greatest sagittal motion of the entire spinal column (Konishi et al., 

2019). Quantitative motion research indicates that the sagittal cervical range of motion (ROM) in healthy 

adults ranges from 117° to 140° (Park et al., 2014). Forward movement of the head and neck, resulting from a 

sustained flexed head position, may induce sagittal postural defects of the cervical spine (Kang, 2024). 

Prolonged forward head posture (FHP) can lead to various biomechanical repercussions, including muscle 

imbalances in the cervical region, characterized by weakening and elongation of the deep neck flexors, along 

with shortening and tightening of the neck extensors and pectoralis muscles (Elsayed & Alowa, 2025). 

Muscle overactivity restricts cervical mobility and increases the load on the vertebrae and intervertebral discs, 

elevating the risk of spinal injury (Abu-Taleb et al., 2025). Stress on the posterior cervical structures alters the 

length-tension relationship of muscles, further increasing muscle activity and limiting neck ROM (Youssef et 

al., 2024). Studies have shown that forward head posture (FHP) alters cervical ROM (Quek et al., 2013). 

Increased forward head posture (FHP) has been correlated with greater impairments in cervical range of 

motion (ROM), particularly in neck flexion (El-Sadany et al., 2024). Prolonged exposure to FHP can result in 

lasting spinal deformities, particularly in the neck segments associated with extension (Fatharani et al., 2025). 

FHP is characterized by a craniovertebral angle (CVA) measuring less than 48–50 degrees (van de Meent et 

al., 2024). The CVA reflects the sagittal orientation of the cervical spine in the sagittal dimension (Alshahrani 

et al., 2024). The craniovertebral angle is defined as the angle formed by a line passing through the tragus of 

the ear and the spinous process of the seventh cervical vertebra, with respect to the horizontal plane. This 

angle represents the position of the head relative to the position of the C7 vertebra, where a smaller angle 

represents a more significant forward head position, while a larger craniovertebral angle represents a more 

erect position with the head closer to the plumb line as the craniovertebral angle is increased (Zárate-Tejero et 

al., 2024). 

This study examined the relationship between forward head posture (FHP) and active sagittal plane cervical 

range of motion (ROM) in undergraduates. Although numerous studies have investigated the association 

between FHP and cervical ROM, research specifically involving undergraduate populations remains limited  

2. Method 

This research performed a quantitative, cross-sectional, observational study in the Department of Health, 

Faculty of Vocational Studies of Universitas Airlangga, from February to March 2025. After obtaining written 

informed consent, 49 FHD students aged 18 to 21, including 18 males and 31 females of the Department of 

Health, were enrolled in the study. The participants have academic schedules that surpass the conventional 

40-hour study week and spend their days seated at desks or attending lectures. The participant’s FHP is 
calculated using the craniovertebral angle, defined by the intersection of the C7 spinous process and a line 

extending from the ear tragus (Alshahrani et al., 2024). The active cervical range of motion for flexion and 

extension was measured with the goniometer’s axis aligned at the seventh cervical vertebra. At the same time, 
the fixed arm remained perpendicular to the ground. Upon completion of the movement, the movable arm was 

positioned in alignment with the earlobe (Araujo et al., 2024). The cervical spine exhibits a range of motion of 

around 80º to 90º in flexion and 70º in extension (Swartz et al., 2005). Forward head posture (FHP) and 

cervical range of motion (ROM) were assessed with participants in an upright posture. Volunteers were 

excluded if they exhibited a craniovertebral angle (CVA) greater than 48 degrees. Each measurement was 

performed twice to ensure precision, and the mean of the two measurements was calculated.  
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Baseline data were analyzed using SPSS software, and normality was assessed. The Shapiro-Wilk test was 

employed to evaluate the normality of the measurable data. As the sample exhibited a non-normal 

distribution, non-parametric statistical tests were conducted. The Spearman correlation test assessed the 

relationship between forward head posture (FHP) and active cervical range of motion (ROM). A p-value of 

less than 0.05 at a 95% confidence interval was considered statistically significant.  

3. Result 

The participants were recruited from the same institution, resulting in a homogeneous sample. The 

Shapiro-Wilk test was performed to evaluate the data distribution. Table 1 delineates the demographic 

information of the participants.  

 
Table 1. Basic characteristics of participants (n=49).  

Parameter Mean±SD 

Age (years) # 19.71±1.080 

Height (m) # 1.60±0.079 

Mass (kg) 60.73±15.420 

BMI (kg/m2) # 23.27±4.978 

CVA (°)# 40.24±4.013 

Cervical flexion (°)# 25.38±4.101 

Cervical extension (°) 58.87±8.464 

The sagittal cervical ROM (°)# 84.26±9.993 
1Data are mean± standard deviation. #Non-normal data 
2BMI - body mass index, CVA - craniovertebral angle, ROM – range of motion, cm - centimeter, m - meter, kg - kilogram. 

 

The average BMI of participants shows the overweight criteria according to the Asian-Pacific BMI 

category. The proportions of participants were 14.28% underweight, 38.77% normal weight, 12.24% 

overweight, and 34.69% obese. The mean cervical flexion joint ROM is 25.38 degrees below the normative 

value, whereas the average cervical extension movement is 58.87 degrees. The mean total cervical joint range 

of motion in the sagittal plane is 84.26 degrees less than that of healthy individuals. The mean FHP assessed 

by CVA is 40.24 degrees. Table 2 describes the correlation between FHD measured by CVA and the sagittal 

cervical ROM of participants. Spearman’s correlation test assessed the correlation. Mass had a positive 

correlation with BMI (p<0.001). The BMI and mass data did not correlate with cervical flexion, extension, 

total sagittal cervical range of motion, and FHP assessed by CVA (p > 0.05). Cervical flexion and extension 

exhibit no correlation (p > 0.05). Cervical flexion exhibited no correlation with CVA (p = 0.36). Nonetheless, 

a correlation with the sagittal cervical range of motion was seen (p < 0.001). Cervical extension demonstrated 

significant findings in the sagittal cervical range of motion (p < 0.001), and FHP was assessed by CVA (p = 

0.002). FHD assessed by CVA showed a positive correlation with the sagittal plane cervical (r = 0.41, p = 

0.003).  

4. Discussion 

This study investigated the correlation between FHP and active sagittal cervical ROM in undergraduates. A 

statistically significant relationship was found between forward head posture (FHP) and active sagittal 

cervical range of motion (ROM) in undergraduates. Prolonged positioning of the cervical spine, such as 

hyperextension of the upper cervical spine (C1–C3) and lower cervical spine flexion (C4–C7), can lead to 

changes in head posture. Over time, these changes may result in poor posture, commonly referred to as 

forward head posture (FHP) (Kamble et al., 2024). Forward head posture (FHP) is the predominant cervical 

postural fault in the sagittal plane and has been found to vary in severity across nearly all populations 
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(Mahmoud et al., 2019). FHP is a postural deformity caused by factors such as excessive head elevation 

during sleep, prolonged use of computers, laptops, and mobile devices, extended periods of reading, poor 

occupational ergonomics, insufficient back muscle strength, and nutritional deficiencies, such as inadequate 

calcium intake (Ahmed et al., 2024). Forward head posture (FHP), characterized by an anteriorly positioned 

head, often occurs in individuals with cervical issues and is associated with a reduction in the natural 

curvature of the cervical spine. The loss of the cervical curve is considered a critical factor in various 

conditions, including mechanical cervical pain (G et al., 2012). This misalignment alters the length-tension 

relationship of several neck muscles, imposing additional strain on the neck’s anti-gravity muscles (Ramezani 

et al., 2025). If left untreated,  FHP may impair muscular system functions and restrict cervical movement 

(Asadzadeh et al., 2024). The FHP is linked to the weakening and elongation of the upper cervical flexors and 

lower cervical extensor muscles and the shortening of the upper cervical extensor and lower cervical flexor 

muscles (Maddah et al., 2025). The forward head posture frequently diminishes and elongates the deep 

cervical flexors, which are crucial for the stability of the cervical vertebrae. Due to the bending of the lower 

cervical vertebrae, the upper trapezius, sub-occipitalis, semispinalis, splenius-capitis, sternocleidomastoid, 

and levator scapula are shortened, leading to excessive stretching of the upper cervical vertebrae (Mahmoudi 

et al., 2024). Enhanced middle cervical extension and diminished cervical flexion are commonly noted in 

individuals with FHP (Fernández-De-Las-Peñas et al., 2006). The study indicated that the ROM in the 

cervical region is reduced in FHP individuals, with a more significant decrease in CVA (Sohn et al., 2010). A 

limited cervical extension ROM signifies the low contraction reserve of the posterior neck muscular ligament 

complex (PMLC) (S. H. Lee et al., 2019). 

 
Table 2. Spearmen correlation test between FHD and the sagittal cervical ROM of participants 

 

Parameter Mass BMI Cervical 

flexion 

Cervical 

extension 

The sagittal 

cervical ROM 

CVA 

Mass (kg)  r = 0.91 

p < 0.001* 

r = -0.16 

p = 0.272 

r = 0.04 

p = 0.787 

r = -0.04 

p = 0.741 

r = 0.22 

p = 0.124 

BMI (kg/m2)  r = 0.91 

p < 0.001* 

 r = -0.05 

p = 0.726 

r = 0.07 

p = 0.608 

r = 0.04 

p = 0.753 

r = 0.12 

p = 0.377 

Fleksi cervical (°) r = -0.16 

p = 0.272 

r = -0.05 

p = 0.726 

 r = 0.15 

p = 0.29 

r = 0.53 

p < 0.001* 

r = 0.13 

p = 0.36 

Ekstensi cervical (°) r = 0.04 

p = 0.787 

r = 0.07 

p = 0.608 

r = 0.15 

p = 0.29 

 r = 0.89 

p < 0.001* 

r = 0.42 

p = 0.002* 

The sagittal cervical ROM 

(°) 

r = -0.04 

p = 0.741 

r = 0.04 

p = 0.753 

r = 0.53 

p < 0.001* 

r = 0.89 

p < 0.001* 

 r = 0.41 

p = 0.003* 

CVA (°) r = 0.22 

p = 0.124 

r = 0.12 

p = 0.377 

r = 0.13 

p = 0.36 

r = 0.42 

p = 0.002* 

r = 0.41 

p = 0.003* 

 

       
1Spearman test, *statistical significance (p<0.05)  
2BMI - body mass index, CVA - craniovertebral angle, ROM – range of motion, cm - centimeter, kg – kilogram 

 

Body mass index (BMI) served as a metric for body size and was computed using self-reported height and 

weight (Harris et al., 2025). Fat mass is strongly correlated with BMI compared to body fat percentage (Jeong 

et al., 2023). Adipose infiltration in skeletal muscles may augment muscle rigidity and diminish flexibility, 

resulting in a restricted range of motion and a stable posture (Usgu et al., 2021). Obesity leads to abnormal fat 

distribution in the cervical area, increasing neck circumference (NC). The short neck in obese patients limits 

cervical spine mobility (Gorgy et al., 2023). Nevertheless, BMI solely accounts for height and weight, 

neglecting body fat distribution and percentage, necessitating the integration of BMI and body fat percentage 

measurements for a more comprehensive understanding of body adiposity (Rai et al., 2023). BMI serves as a 

screening instrument for obesity; however, its diagnostic utility necessitates clinical interpretation through 

visual assessment or physical examination to validate the existence of excess adiposity (Sweatt et al., 2024). 
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Our study's limitations include the absence of X-ray examinations to verify cervical alignment and the 

lack of assessment of participants’ muscle characteristics, such as muscle shortening and muscle strength. 
Additionally, there was an unequal distribution of individuals across BMI categories and gender. Therefore, 

we recommend conducting further research to address these limitations 

5. Conclusion 

This study found that individuals with forward head posture (FHP) exhibited reduced active sagittal 

cervical range of motion (ROM). A positive correlation between FHP and active sagittal cervical ROM was 

also observed in undergraduates. However, further research is needed to better understand the underlying 

mechanisms of this association. 
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