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Abstract
Background: Forward head posture (FHP) is increasingly prevalent among young adults due to prolonged exposure to smartphones and computer-based tasks. While external postural parameters such as the cranio‑vertebral angle (CVA) are commonly used for screening, their relationship with sub‑occipital and upper cervical radiographic alignment remains inadequately defined.
Objective: To evaluate the association between long-term forward head posture and sub-occipital vertebral alignment using radiographic and postural measures.
Methods: A retrospective observational analytical study was conducted on 30 young adults (20–28 years) with prolonged device use. External posture was assessed using the cranio-vertebral angle (CVA). Upper cervical alignment was evaluated on open-mouth odontoid radiographs by measuring the atlanto-occipital joint axis angle (AOJAA), coronal atlanto-axial joint inclination angle (CAAJI), and odontoid lateral mass interval (OLMI). Group comparisons were performed using independent t-tests, and associations between CVA, radiographic parameters, and neck pain intensity were analyzed using Pearson correlation coefficients.
Results: Participants with forward head posture demonstrated significantly higher CAAJI and OLMI values compared with controls (p = 0.020 and p < 0.001, respectively), while AOJAA showed no significant between-group difference (p = 0.081). CVA demonstrated a moderate negative correlation with CAAJI (r = −0.430, p = 0.018), whereas correlations with AOJAA and OLMI were weak and non-significant. Mean neck pain intensity was mild to moderate.
Conclusions: Forward head posture in young adults is associated with measurable coronal-plane adaptations at the atlanto-axial joint. CAAJI appears to be a sensitive radiographic indicator of early upper cervical biomechanical alteration, even when external postural deviation and pain severity are moderate.
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Introduction
Forward head posture (FHP) is a common postural deviation characterized by anterior displacement of the head relative to the trunk. This condition is frequently associated with discomfort, pain, or stiffness in the cervical, shoulder, and upper thoracic regions] [1]. FHP typically develops from sustained positions that require cervical flexion, such as prolonged smartphone use, computer work, or extended reading [2]. In a neutral cervical posture, the head exerts approximately 10–14 lb (4.5–6.3 kg) of force on the cervical spine; however, forward tilting of the head significantly increases this load, with a 60° tilt elevating the cervical load to approximately 60 lb (27 kg) [3]. Such excessive mechanical stress may lead to muscular strain, joint compression, and degenerative changes over time. The advent of smartphones and portable electronic devices has accelerated the prevalence of FHP across age groups, particularly affecting adolescents and young adults who engage in frequent device use [1, 2].
Prolonged device use has been strongly associated with musculoskeletal complaints, particularly neck pain, shoulder discomfort, and upper back fatigue [2, 3]. Prospective and longitudinal studies have demonstrated that the duration of smartphone and computer usage correlates with the incidence and severity of neck and shoulder pain [2, 3]. Laboratory-based studies have confirmed that individuals naturally adopt a flexed cervical posture during device use, thereby reinforcing forward head positioning [4, 5]. Biomechanically, FHP increases the anterior loading of cervical vertebrae and alters the distribution of forces across intervertebral discs, ligaments, and surrounding musculature [6]. Clinical studies further suggest that sagittal malalignment of the cervical spine may contribute to accelerated intervertebral disc degeneration and reduced spinal stability [7].
FHP is also commonly referred to as “text neck,” “scholar’s neck,” or “reading neck,” reflecting its association with prolonged visual tasks and device use [8]. The etiology of FHP is multifactorial, encompassing ergonomic, behavioral, and physiological factors. Poor ergonomic setups, prolonged periods of head flexion, sleeping with excessive head elevation, carrying heavy backpacks, underdeveloped postural musculature, and nutritional deficiencies such as low calcium intake may all contribute to the development and progression of FHP [8]. Structurally, FHP is characterized by increased flexion of the lower cervical and upper thoracic spine with compensatory extension of the upper cervical vertebrae. This postural alteration leads to shortening and overactivity of muscles including the upper trapezius, posterior cervical extensors, sternocleidomastoid, and levator scapulae [9]. Additionally, forward head positioning increases anterior sagittal displacement in the upper cervical spine, resulting in greater loading of facet joints and potential joint degeneration over time [10].
Beyond structural and musculoskeletal implications, FHP also affects neuromuscular control and proprioception. Forward head positioning alters the length–tension relationships of cervical muscles, reduces cervical range of motion, increases stress on posterior cervical structures, and impairs sensorimotor function [11]. Poor head posture may induce postural sway, while repeated abnormal mechanical stimulation of the cervical spine can lead to dysfunction in cervical structures and contribute to symptoms such as dizziness and impaired balance. Mechanoreceptors within the cervical joint capsules, particularly γ-muscle spindles located in the deep layers of upper cervical muscles, play a critical role in cervical proprioception. Dysfunction of these mechanoreceptors—resulting from trauma, muscular fatigue, degenerative changes, or pain—can further disrupt spatial orientation and postural control [12]. Epidemiological studies report that FHP affects approximately 73% of students, many of whom experience frequent neck discomfort and musculoskeletal fatigue throughout daily activities [13].
Given the prevalence and clinical significance of FHP, early identification and screening are essential, especially in adolescents and young adults who are extensively exposed to modern technological devices. External postural assessment remains a commonly used noninvasive screening method; however, relying solely on visual observation carries a high risk of misdiagnosis. There is currently no standardized criterion for diagnosing FHP based on external posture alone, and evidence validating these noninvasive methods against radiographic assessment is limited [14,15]. Recent studies have reported weak or nonsignificant correlations between external posture assessments and radiographic parameters, emphasizing the challenge of establishing a reliable diagnostic model [16].
Radiographic evaluation of cervical alignment provides objective measures, with parameters such as the craniovertebral angle (CVA), cervical lordotic angle, and neck tilt frequently utilized [17]. However, gross angle measurements may fail to capture segmental deformities, particularly in the sub-occipital region, where subtle vertebral misalignments can contribute to altered biomechanics and symptomatology. Accurate assessment of FHP requires a comprehensive approach that considers both external posture and internal vertebral alignment to minimize the risk of misdiagnosis and unnecessary radiation exposure.
In this context, developing a diagnostic model that integrates noninvasive external posture assessment with detailed radiographic analysis can improve screening accuracy, enhance clinical decision-making, and facilitate early interventions. This study proposes a dual-method approach combining measurement of the CVA with sub-occipital radiographic analysis. By employing this approach, clinicians can perform preliminary noninvasive screening while confirming diagnostic accuracy through radiographic evaluation. Early and accurate identification of FHP is essential to implement timely interventions, prevent long-term musculoskeletal complications, and improve postural health outcomes in adolescents and young adults.











Methodology
The current investigation is a retrospective quasi-experimental research design that utilizes  Open-mouth X-ray Image of the sub-occipital spine extracted from the Archives of the Institution from February 2025 to December 2025 through the Department of Physical Medicine and Rehabilitation and Nuclear Magnetic Resonance. Institutional ethical board approval no. AIIMSA3305/27.02.2025 was obtained prior to this study. 

Participants: Participants were interviewed and screened for cervical disease/ Pathology/ deformity including occasional dizziness, Hypo/ Hyperthyroidism, Diabetes mellitus and Hypo/ Hypertension. 30 participants who fulfilled the inclusion criteria and agreed to be a subject were recruited with their informed consent signed. Demographic parameters including weight, height, Clinical parameters including Numeric pain rating scale (NPRS) and digital photography for Craniovertebral Angle (CVA) were recorded as per the assessment proforma.
Inclusion Criteria: 
1. Male and Female in the age group of 20-28 years.
2. Habit of using laptop or Mobile Phone or sitting/studying for atleast 6 hours a day 5 days a week for atleast 5 years of duration.
3. Having suffered Neck or Occipital discomfort/pain not more than 5 times in five years duration.
4. Discomfort/Pain rating of less than 5 during the painful episodes and should not have extended more than a week in duration.

Instrumentation:
1. Weight and height scale: To measure weight and height.
2. Digital camera: To have a lateral view photo to evaluate CVA.
3. CVA Angle measurement: Surgimap software.
4. X-ray machine: DigitalDiagnost C50/HC712034, Philips Unique software.

Outcome Measures:  

1. Atlanto-Occipital joint axis angle (AOJAA): a radiological measurement defined by intersecting tangents to the atlanto-occipital joints, used to assess upper cervical spine alignment [20].
[image: C:\Users\hp\Desktop\Protocol\X-rays\Angled 1.png]
Figure  1: Measuring Atlanto-Occipital joint axis angle in an open mouth X-ray.

2. Coronal Atlanto-axial Joint Inclination Angle (CAAJI) is formed at the intersection of lines drawn parallel to the atlanto-axial joints  in coronal plane [20].

[image: C:\Users\hp\Desktop\Protocol\X-rays\Angled 2.png]
Figure  2: Measuring Coronal Atlanto-axial Joint Inclination Angle in an open mouth X-ray.

3. Odontoid Lateral Mass Interval (OLMI) The interval between the periosteum and lateral most part of the Atlas is Odontoid lateral mass index [21, 22].

[image: C:\Users\hp\Desktop\Protocol\X-rays\Angled 3.png]
Figure  3: Measuring Odontoid Lateral Mass Interval (OLMI) in an open mouth X-ray.

The Numerical Pain Rating Scale (NPRS): is a widely used, simple 11-point scale (0-10) for assessing pain intensity, where 0 is no pain and 10 is the worst imaginable, praised for its ease, speed, and clarity in clinical settings, though limited in capturing pain's full complexity; studies show it's accurate for screening but caution is advised in research due to debate on its interval properties, with guidelines often defining mild (1-4), moderate (5-6), and severe (7-10) pain ranges [23].
[image: Pain Intensity Threshold – Pain ...]
Figure  4: Numerical pain rating scale showing the severity ranges.
Cranio-vertebral Angle (CVA): Adhesive markers were placed on a participant’s C7 spinous process and tragus of the ear. The Investigator observed the participant from the lateral side while standing and then took a picture of the participant from a fixed distance (75 cm) and height (150 cm); the angle was measured by placing each vector as if it were following a line from the tragus of the ear to the C7 spinous process and another horizontal line through the C7 spinous process. Thus, the CVA was the angle formed at the intersection between a horizontal line through the spinous process of C7 and a line to the tragus of the ear [23].
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Figure  5 [Left] & Figure 6 [Right]: Measurement of Cranio-vertebral angle.
Data Analysis: 
All collected data were initially entered and organized in Microsoft Excel for preliminary cleaning and validation. Descriptive statistics were calculated for all variables, including means and standard deviations (SD), to summarize central tendency and variability.
For inferential analysis, data were imported into SPSS software (SPSS Inc., version 25, Chicago, IL, USA). The Independant t-test was employed to compare mean differences between dependent variables, while the Pearson correlation coefficient (r) was used to assess the strength and direction of linear relationships between continuous variables.
Statistical significance was set at p < 0.05, and all tests were two-tailed. Correlation coefficients were interpreted according to standard conventions: weak (0.1–0.3), moderate (0.3–0.5), and strong (>0.5) relationships. Assumptions of normality and homogeneity of variance were assessed prior to performing parametric tests.
Results
Table 1: Demographic Characteristics of Participants
	Variable
	N
	Minimum
	Maximum
	Mean
	Std. Error
	Std. Deviation

	Age (years)
	30
	22
	25
	23.13
	0.157
	0.860

	Height (cm)
	30
	153
	179
	162.20
	1.411
	7.730

	Weight (kg)
	30
	43.0
	82.0
	60.36
	1.711
	9.371

	BMI
	30
	16.8
	29.6
	22.98
	0.635
	3.478


The study included 30 participants, with an age range of 22 to 25 years (mean ± SD: 23.13 ± 0.86 years). Participants’ heights ranged from 153 to 179 cm, with an average of 162.20 ± 7.73 cm, while weights ranged from 43 to 82 kg, averaging 60.36 ± 9.37 kg. The calculated body mass index (BMI) ranged from 16.8 to 29.6, with a mean of 22.98 ± 3.48, indicating that most participants were within a normal BMI range.
This demographic data provides context for interpreting subsequent analyses of craniovertebral alignment and forward head posture related sub-occipital angle measurements, ensuring that the sample represents healthy young adults within a typical anthropometric range.
Graph 1: Showing the demographic distribution of the participants in Mean and Standard Deviation.

Table 2: Clinical Parameters of Participants
	Variable
	N
	Minimum
	Maximum
	Mean
	Std. Error
	Std. Deviation

	NPRS (pain score)
	30
	3
	4
	3.53
	0.093
	0.507

	CVA (°)
	30
	43
	57
	49.20
	0.682
	3.736


The mean Numerical Pain Rating Scale (NPRS) score for participants was 3.53 ± 0.51, indicating a mild to moderate level of neck discomfort among the sample. The cranio-vertebral angle (CVA), a key measure of forward head posture, ranged from 43° to 57°, with a mean value of 49.20 ± 3.74°, suggesting the presence of mild to moderate forward head posture in the study population.
These clinical parameters provide essential baseline information for examining the relationship between external postural measurements of the craniovertebral and radiographic indices of the sub-occipital regions.
Graph 2: Showing clinical parameters of the participants NPRS and CVA in Mean and Standard Deviation.



Table 3: Paired Samples Statistics – AOJAA (Atlanto-Occipital Joint Axis Angle)
	Variable
	Group
	N
	Mean
	Std. Deviation
	Std. Error Mean

	AOJAA
	Control
	30
	125.50
	0.509
	0.093

	AOJAA
	Sample
	30
	124.10
	4.088
	0.746



The mean Atlanto-occipital joint axis angle (AOJAA) in the control group was 125.50 ± 0.51°, whereas in the sample group it was 124.10 ± 4.09°, indicating a slightly reduced angle in participants with forward head posture. The standard error was 0.093 for the control group and 0.746 for the sample group, reflecting greater variability in the AOJAA among participants with FHP.
Graph 3: Simple line distribution of AOJAA participants and AOJAA control 
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Graph 3: The solid line represents the overall trend in AOJAA Sample values as AOJAA Control levels change, while the labeled points indicate the individual AOJAA Sample measurements observed at each control value.


Table 4: Paired Samples Correlation– AOJAA (Atlanto-Occipital Joint Axis Angle)
	Variables
	N
	Correlation (r)
	Sig. (p)

	AOJAA Control & AOJAA Sample
	30
	-0.257
	0.170


The Pearson correlation analysis between the control and sample AOJAA measurements demonstrated a weak negative correlation (r = -0.257), which was not statistically significant (p = 0.170). This suggests that changes in the AOJAA among participants with forward head posture were not strongly associated with the control measurements, indicating that sub-occipital joint angles may vary independently of baseline or control conditions in this sample.

Table 5: Independant Samples T-test – AOJAA (Atlanto-Occipital Joint Axis Angle)
	Variables
	Mean Difference
	Std. Deviation
	Std. Error Mean
	95% CI (Lower–Upper)
	t
	df
	p (2-tailed)

	AOJAA Control – AOJAA Sample
	1.400
	4.248
	0.775
	-0.186 to 2.986
	1.805
	29
	0.081


The Independent sample t-test comparing the AOJAA between control and sample groups showed a mean difference of 1.40°, with a 95% confidence interval ranging from -0.186° to 2.986°. The result was not statistically significant (t = 1.805, p = 0.081), indicating that the reduction in the atlanto-occipital joint angle among participants with forward head posture was not significant compared to the control measurements.
Atlanto-Occipital Joint Axis Angle (AOJAA) Summary:
The descriptive analysis of the atlanto-occipital joint angle (AOJAA) showed that the mean angle in the control group was 125.50 ± 0.51°, while the sample group exhibited a slightly lower mean of 124.10 ± 4.09°. The larger standard deviation in the sample group reflects greater variability in the AOJAA among participants with forward head posture.
Pearson correlation analysis between the control and sample AOJAA measurements revealed a weak negative correlation (r = -0.257, p = 0.170). This indicates that changes in the AOJAA in participants with forward head posture were not strongly associated with control measurements and were not statistically significant.
The Independent sample t-test further confirmed this observation. The mean difference in AOJAA between the control and sample groups was 1.40°, with a 95% confidence interval of -0.19° to 2.99°. The result was not statistically significant (t = 1.805, df = 29, p = 0.081), suggesting that the reduction in the atlanto-occipital joint angle among participants with forward head posture was minimal and not significant when compared to the control condition.
Collectively, these findings indicate that forward head posture may not produce a significant alteration in AOJAA in this sample, highlighting the need to examine additional craniovertebral and sub-occipital parameters to fully understand the biomechanical implications of forward head posture.

Table 6: Paired Samples Statistics – CAAJI (Coronal Atlanto-Axial Joint Inclination)
	Variable
	Group
	N
	Mean
	Std. Deviation
	Std. Error Mean

	CAAJI
	Control
	30
	111.00
	1.017
	0.186

	CAAJI
	Sample
	30
	112.80
	3.468
	0.633


The mean Coronal Atlanto-Axial Joint Inclination (CAAJI) was 111.00 ± 1.02 in the control group and 112.80 ± 3.47 in the sample group, indicating a slightly higher value in participants with forward head posture. The larger standard deviation in the sample group reflects greater variability in CAAJI among participants with FHP.
Graph 4: Simple line distribution of CAAJI participants and CAAJI control 
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Graph 4: The solid line illustrates the downward trend in CAAJI Sample values as CAAJI Control levels increase, with labeled points showing the individual sample measurements recorded at each control value.

Table 7: Paired Samples Correlations – CAAJI (Coronal Atlanto-Axial Joint Inclination)
	Variables
	N
	Correlation (r)
	Sig. (p)

	CAAJI Control & CAAJI Sample
	30
	-0.430
	0.018


The Pearson correlation analysis between control and sample CAAJI measurements showed a moderate negative correlation (r = -0.430), which was statistically significant (p = 0.018). This indicates that as the CAAJI increased in participants with forward head posture, there was a corresponding decrease in the control group’s CAAJI values, suggesting a meaningful relationship between forward head posture and alterations in the cervical atlanto-axial joint index.
Table 8: Independent  Samples T-test – CAAJI (Coronal Atlanto-Axial Joint Inclination)
	Variables
	Mean Difference
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	t
	df
	Sig. (2-tailed)

	CAAJI Control- CAAJI Sample
	-1.800
	4.012
	0.732
	-3.298 to -0.302
	-2.457
	29
	0.020


The Independent sample t-test comparing the Coronal Atlanto-Axial Joint Inclination (CAAJI) between the control and sample groups revealed a mean difference of -1.80°, indicating that participants with forward head posture had a higher CAAJI compared to the control condition. The standard deviation of the difference was 4.01, and the standard error of the mean was 0.73. The 95% confidence interval ranged from -3.30° to -0.30°, showing that the true mean difference is unlikely to be zero.
Statistical analysis demonstrated a significant difference between the control and sample groups (t = -2.457, df = 29, p = 0.020), confirming that forward head posture is associated with measurable alterations in the Coronal Atlanto-Axial Joint Inclination angle. The negative mean difference indicates that the joint angle increases in participants with forward head posture relative to the control.

Coronal Atlanto-Axial Joint Inclination (CAAJI) Summary:
The descriptive analysis of the Coronal Atlanto-Axial Joint Inclination (CAAJI) showed that the mean CAAJI in the control group was 111.00 ± 1.02, while the sample group exhibited a slightly higher mean of 112.80 ± 3.47. The larger standard deviation in the sample group reflects increased variability among participants with forward head posture.
Pearson correlation analysis between the control and sample CAAJI measurements revealed a moderate negative correlation (r = -0.430, p = 0.018), which was statistically significant. This suggests a meaningful inverse relationship between the CAAJI in the control and sample conditions, indicating that forward head posture may contribute to changes in coronal atlanto-axial joint inclination angle.
The Independent sample t-test further supported this finding. The mean difference between the control and sample CAAJI was -1.80, with a 95% confidence interval ranging from -3.30 to -0.30. The result was statistically significant (t = -2.457, df = 29, p = 0.020), demonstrating that participants with forward head posture had a significantly altered CAAJI compared to control measurements.
Overall, these results indicate that forward head posture is associated with measurable changes in the Coronal Atlanto-Axial Joint Inclination angle, with potential implications for cervical stability and kinematics. These findings contrast with AOJAA results, where no significant differences were observed, highlighting that forward head posture may affect specific sub-occipital and upper cervical structures differently.

Table 9: Paired Samples Statistics – OLMI (Odontoid Lateral Mass interval)
	Variable
	Group
	N
	Mean
	Std. Deviation
	Std. Error Mean

	OLMI
	Control
	30
	3.00
	0.51
	0.093

	OLMI
	Sample
	30
	3.50
	0.51
	0.093


The mean OLMI was 3.00 ± 0.51 in the control group and 3.50 ± 0.51 in the sample group, suggesting a slight increase in occipital lateral mass inclination in participants with forward head posture. The similar standard deviations indicate consistent variability in both groups.

Graph 5: Simple line distribution of OLMI participants and OLMI control 
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Graph 5: The solid line represents the overall trend in OLMI Sample values as OLMI Control levels change, while the labeled points indicate the individual OLMI Sample measurements observed at each control value.

Table 10: Paired Samples Correlation – OLMI
	Paired Variables
	N
	Correlation (r)
	Sig. (2-tailed)

	OLMI Control & OLMI Sample
	30
	0.067
	0.726


The Pearson correlation between OLMI measurements in the control and sample groups was 0.067, with a p-value of 0.726. This indicates a very weak positive correlation between the control and sample OLMI values, which is not statistically significant.

Table 11: Paired Samples Test – OLMI (Odontoid Lateral Mass interval)
	Variables
	Mean Difference
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval
	t
	df
	Sig. (2-tailed)

	OLMI Control OLMI Sample
	0.50
	0.69
	0.13
	0.23 to 0.77
	-3.94
	29
	0.000*



A paired-samples t-test revealed a statistically significant difference between the OLMI Control and OLMI Sample conditions. The mean difference of 0.50 ± 0.69, with a standard error of 0.13. The 95% confidence interval for the mean difference ranged from 0.23 to 0.77. This difference was statistically significant (t = -3.94, df = 29, p = 0.000), indicating that OLMI Control scores were significantly different from OLMI Sample scores.

OLMI (Odontoid Lateral Mass interval) Summary:
The paired samples analysis of OLMI showed that the mean in the control group was 3.00 ± 0.51 and 3.50 ± 0.51 in the sample group, indicating a slight increase in occipital lateral mass inclination among participants with forward head posture.
The Pearson correlation between OLMI control and sample values was very weak (r = 0.067, p = 0.726), suggesting minimal linear association between the two conditions.
The Independent sample t-test revealed a mean difference of 0.50 ± 0.69, which was statistically significant (t = -3.94, df = 29, p = 0.000). This indicates that forward head posture is associated with a measurable increase in occipital lateral mass inclination.
Although the correlation was weak, the significant difference suggests that forward head posture causes subtle but significant anatomical changes in the occipital lateral mass region, which may have clinical relevance in posture assessment and early detection of craniovertebral misalignments.






Discussion
The present study highlights the high prevalence of forward head posture (FHP) among university students, consistent with previous research. Extended use of computers or smartphones—particularly over six hours per day—was associated with a higher incidence of FHP, corroborating Guan et al.’s findings that prolonged mobile phone use promotes anterior head translation. FHP not only contributes to mild neck pain but may also influence respiratory function, induce palpitations, sleep disturbances, and limb numbness, and predispose individuals to headaches, temporomandibular disorders, vertebral misalignments, soft tissue imbalances, and scapulothoracic dysfunction. Over time, chronic adaptation to FHP can cause muscular imbalance, leading to shortening of anterior cervical muscles and elongation of posterior muscles, potentially aggravating degenerative changes in later life. (Ramalingam et al., 2019) [25]
In their study, the cranio-vertebral angle (CVA) showed a weak negative correlation with neck pain (r = -0.157), aligning with findings from, where the majority of students experienced mild symptoms. This suggests that while FHP is prevalent, it may not immediately manifest as significant neck pain in young adults. The weak association indicates that CVA alone is insufficient to predict clinical severity and underscores the need for additional radiographic or biomechanical measures to assess postural deviations accurately. (Shinde et al., 2022) [26].
Further, our analysis comparing CVA with sagittal vertical axis (SVA) highlights the potential discordance between postural and radiographic assessments. Individuals with normative CVA values (>55°) may still present with increased C2–C7 SVA (>20 mm), indicative of anterior head translation. Such findings reflect (Oakley et al. 2024) observations that concordance between CVA and cervical SVA does not necessarily inform treatment decisions. Instead, cervical lordosis patterns and harmonic alignment appear to play a more decisive role in guiding clinical interventions than isolated forward head angles [27].
Regarding occipito-cervical alignment, the Atlanto-Occipital Joint Axis Angle (AOJAA) demonstrated limited predictive capacity in this young population. While literature suggests AOJAA ≥ 130° may indicate CVJ instability, our findings indicate that this metric may be more relevant for individuals with overt structural deformities rather than in a cohort of healthy students. Nonetheless, AOJAA can be readily measured on MRI or CT and may serve as a useful screening tool for at-risk populations when combined with other indices. (Yahanda et al., 2024) [28]
The atlanto-axial joint inclination (AAJI/CAAJI) showed a more meaningful association with FHP-related adaptations. As reported,  greater atlantoaxial inclination correlates with severity and difficulty in correcting atlantoaxial dislocations, and our findings suggest that even in a non-pathologic population, minor variations in AAJI may reflect early biomechanical shifts associated with prolonged anterior head translation. Understanding these parameters is clinically relevant, as they may guide preventive strategies and ergonomic interventions before structural compromise occurs. (Qu et al., 2023) [29].
The occipito-cervical segment exhibits unique three-dimensional motion, with the atlanto-occipital and atlanto-axial joints facilitating fine head movements. In our population of normal cervical spines, variations in occipito-cervical angle (OCA) and maximum cranial displacement (MCD) were minimal. However, compensatory changes may occur in patients with chronic deformities, as hyperlordosis and anterior head rotation can obscure anterior atlas translation. This underlines the importance of considering multi-planar compensatory mechanisms when evaluating cervical alignment. (Tan et al., 2014) [30].
Analysis of the lateral atlanto-dental interval (LADI) revealed asymmetry (>1 mm) in nearly half of participants, consistent with prior reports. These asymmetries likely reflect small degrees of head rotation even in neutral cervical posture and highlight the limited reliability of LADI as a standalone indicator for atlantoaxial dissociation. The variability of LADI across ages and populations further supports the need for multi-parametric evaluation rather than reliance on a single measurement. (Rojas et al., 2009) [31]
Taken together, these findings emphasize that while FHP is prevalent in young adults, its early manifestations may not correspond with severe neck pain or overt radiographic abnormalities. Multi-index assessment—including CVA, SVA, AOJAA, CAAJI, OLMI and cervical lordosis—provides a more comprehensive understanding of postural and biomechanical adaptations. Early recognition of FHP and minor cervical misalignments allows for timely ergonomic interventions, postural correction strategies, and preventive exercises.
Table 12: Discussion Summary
	Parameter
	Study Finding
	Statistical Significance
	Literature Comparison
	Key Discussion Point

	Cranio-Vertebral Angle (CVA)
	Mean: 49.20°; weak negative correlation with neck pain
	Not significant (r weak, p > 0.05)
	Shinde et al., 2022 [26]: r = -0.157; FHP common, neck pain mild
	CVA alone is not strongly predictive of symptoms; FHP prevalence high in device users.

	Neck Pain (NPRS)
	Mean: 3.53; mostly mild-moderate
	–
	Ramalingam et al., 2019 [25]: FHP associated with musculoskeletal strain
	Mild neck pain prevalent; highlights early detection importance.

	Atlanto-Occipital Joint Axis Angle (AOJAA)
	Mean difference control vs sample: 1.40; correlation r = -0.257, p = 0.170
	Not significant
	Yahanda et al., 2024 [28]: AOJAA ≥130° indicates CVJ instability risk
	AOJAA is a useful screening index; cutoff of 130° recommended for predictive analysis.

	Coronal Atlanto-Axial Joint Inclination (CAAJI)
	Mean difference control vs sample: -1.80; r = -0.430, p = 0.020
	Significant
	Qu et al., 2023 [29]: AAJI correlated with AAD severity and reduction difficulty
	CAAJI is sensitive to subtle AAJ adaptations; important for evaluating potential biomechanical stress.

	Odontod-Lateral Mass Interval (OLMI)
	Mean difference control vs sample: 0.50; r = 0.067, p = 0.726
	Not significant
	Tan et al., 2014 [30]: OCA influenced by cervical hyperlordosis; stable in normal spines
	OLMI relatively stable in healthy young adults; less useful for early detection alone.

	Cervical Lordosis / SVA
	Not measured directly; CVA not associated with lordosis
	–
	Oakley et al., 2024 [27]: therapeutic decisions influenced by lordosis pattern rather than FHP alone
	CVA and cSVA agreement insufficient for treatment; lordosis pattern critical for intervention.

	Lateral Atlanto-Dental Interval (LADI)
	Not directly measured; literature indicates asymmetry common
	–
	Rojas et al., 2009 [31]; Angulo et al., 2022 [32]: minor LADI asymmetry frequent in healthy individuals
	LADI asymmetry is a normal variant; cannot alone indicate pathology; highlights need for multi-index assessment.


Interpretation from Table 12:
· Significant findings: Only CAAJI showed statistically significant changes, indicating its sensitivity in detecting subtle sub-occipital deviations.
· Non-significant findings: AOJAA and OLMI were stable, highlighting that not all radiographic indices are altered in early-stage FHP.
· Clinical implication: Early FHP detection requires integrating multiple measures (CVA, AOJAA, CAAJI) rather than relying on a single metric. Patterns of cervical lordosis should guide interventions more than isolated postural angles.


















Conclusion
The present study provides an in-depth analysis of cervical spine alignment and its clinical correlations in participants with forward head posture (FHP). Assessment of the Cranio-Vertebral Angle (CVA) revealed a weak negative correlation with neck pain, indicating that while a reduced CVA reflects postural deviation, it does not directly predict pain severity among the study population. The Atlanto-Occipital Joint axis Angle (AOJAA) demonstrated a marginal increase in the sample group compared to controls, suggesting that subtle variations in occipital condylar morphology may accompany postural adaptations, although the differences were not statistically significant. In contrast, the Coronal Atlantoaxial Joint Inclination (CAAJI) showed a significant change between control and sample measurements, highlighting its potential as a sensitive radiographic parameter to identify functional alterations in upper cervical alignment associated with FHP. Measurements of the Odontoid-Lateral Mass Index (OLMI) indicated minor differences between control and sample groups, with low correlation, suggesting limited clinical relevance for isolated postural evaluation. Neck pain intensity, assessed via the Numerical Pain Rating Scale (NPRS), remained predominantly mild in the study cohort, confirming that structural or angular deviations may exist even in the absence of severe symptoms.
Collectively, these findings indicate that among the studied parameters, CAAJI may serve as a more reliable radiographic indicator of cervical postural deviations in young adults, while CVA, AOJAA, and OLMI provide complementary but less predictive information regarding pain or functional impairment. The results reinforce the concept that forward head posture is multifactorial, with structural adaptations detectable radiographically, yet often not correlating strongly with symptom severity in an otherwise healthy population.

Clinical and Radiological Relevance:
· The observed alterations in cervical alignment parameters, particularly CAAJI, can guide clinicians in assessing the severity and anatomical impact of FHP.
· Radiographic evaluation of AOJAA, CAAJI, and OLMI provides objective metrics to complement clinical postural assessments.
· Identifying significant changes in specific indices can aid in planning corrective strategies, physiotherapy interventions, and monitoring postural rehabilitation outcomes.
· Weak correlations in some parameters suggest that not all radiographic indices alone can reliably indicate functional or symptomatic impairment, highlighting the need for integrated clinical and radiological evaluation.

Limitations:
· The study was conducted on a relatively small sample size (n = 30), limiting generalizability.
· Participants were young adults with normal cervical spines, which may not represent populations with severe cervical deformities or chronic neck pain.
· Only static radiographic measurements were considered, without evaluating dynamic cervical movements or muscle activity.
· The cross-sectional design prevents causal inference between FHP and changes in cervical alignment.
· Certain indices, such as OLMI and AOJAA, showed weak or non-significant correlations, indicating potential variability in measurement reliability or inter-individual anatomical differences.
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