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ABSTRACT 
Purpose: to investigate the relation between forward head posture and sacral slope angle in 

chronic neck pain patients. Methods: Forty patients of both genders 13 male and 27 female with 
chronic neck pain aged (18:30) were recruited from the outpatient physiotherapy clinic of Kaser elany 
medical school. Patients were divided into Group A (cranio-vertebral angel is < 46°C) and Group B 
(cranio-vertebral angle is >45°C), the visual analogue scale, Oswestry disability index, electronic 
head posture instrument (EHPI), x ray were used to measure neck pain, back function  cranio-
vertebral angle, sacral slope angle and pelvic incidence, respectively. Results: The Pearson 
correlation coefficient revealed that, Forward head posture was not significantly correlated neither 
with sacral slope angle (r=0.188; P <0.05), nor with pelvic incidence (r=0.077; P <0.05). Further 
cranio-vertebral angle) has no correlation with neck pain (r=0.077), and ODI (r=0.04). Conclusion: 
there is no correlation between forward head posture and pelvic parameters (pelvic incidence and 
sacral slope angle), these faulty head posture has no influence on neck pain and back function. 
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Introduction 

 
Cone of economy represent human skeleton chain in perfect balance requiring a minimum of 

muscle activity in normal situations, in which the spinal segments with cephalic vertebra working as a 
pendulum to maintain horizontal gaze. (Ahmadi et al., 2015)  (Hasegawa et al., 2017). Faulty posture 
due to different patterns of mechanical loading and asymmetrical stresses induce improper muscle 
contraction ,which increase compressive loads on tissue (Sawyer, 2005; Dolphens et al., 2012). Thus 
posture mal-alignment leads to a decrease in the health-related quality of life.(Hasegawa et al., 2017) 
long period with forward head posture while doing work on laptop, in the activities of studying, and 
leisure on a computer, considered as important factors for developing pain at head the cervical region, 
the shoulder, and the lumbosacral spine (Fayyaz et al., 2017; Caromano et al., 2015). Forward head 
posture is the most common  form of postural deviation in which it characterized as forward 
projecting of the head into the sagittal plane (Sajjadi et al., 2014). Hyper extension of upper cervical 
spine and flexion of lower cervical spine is a common form of forward head posture (Darnell, 1983) 
Chronic neck pain is a common problem  associated with forward head posture (Gadotti, 2010; 
Mohankumar & Yie, 2018), in which moderate positive correlation between FHP and duration of 
neck pain, however a negative relationship was found between intensity of neck pain and FHP with 
Prevalence approximately 37%, out of which 58% were female and 42% were male(Wani et al., 
2016). These faulty posture associated with dysafferentation (Morningstar et al., 2004). In addition 
development and persistence of many abnormalities including headaches (Cuadrado and Pareja 2006) 
neck pain syndrome (Yip et al., 2008; Subbarayalu and Ameer, 2017) abnormal scapular movement, 
and temporo-mandibular disorders (Song et al., 2015). The limited cervical range of motion has also 
been found in patients with tension-type headache (Fernández‐de‐las‐Peñas et al., 2006; Quek et al., 
2013) 

Mal-alignment make the body to recruit compensatory mechanism to maintain horizontal eye 
gaze and line if gravity within base of support (Lamartina & Berjano, 2014) ,compensation  require 
changes in neuromuscular coordination in which the body rearrange its posture in adapting to a 
functional deficit to permit the least amount of pain and muscular effort expenditure (Filipović & 
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Ciliga, 2010). such pelvo-ocular reflex in which anterior translation of pelvic secondary to forward 
head posture (Clark, Lucett, & Sutton, 2011; Morningstar et al., 2005)further (Murtagh et al 2016) 
demonstrated that cervical sagittal mal-alignment can compensated with pelvic retroversion. (Wang et 
al., 2012). Hayden et al., (2018) suggested that the pelvis and spine co-exist as a dynamic linked 
system. When sagittal imbalance of spinal alignment occurs, compensatory mechanisms affect not 
only the spinal column but also the pelvis expressed by sacral slope (SS), indicating the position of 
the pelvis in the sagittal plane. compensatory mechanisms are efficient to limit the sagittal unbalance, 
they could result in adverse effects such as mechanical pain and compromise of neurological 
structures (Barrey et al., 2013) so it is better to evaluate the overall array of a body rather than 
determining the area of complain. (Choi et al., 2014) 

The aim of this study was to investigate the relationship between the forward head posture and 
sacral slope angle in patient with chronic neck pain. 
 
Materials and Methods 
 
Participants 

Forty patients of both genders 13male and 27 female with chronic neck pain aged (18:30) were 
recruited from the outpatient physiotherapy clinic of Kaser elany medical school. Patients were 
divided into Group A (cranio-vertebral angel is < 46°) and Group B (cranio-vertebral angle is >45°), 
All the patients approved the study protocol and provided an informed consent for their participation. 
Patients were excluded from the study if they had a history of cervical fracture, trauma, scoliosis, 
bone cancer, spasmodic torticollis, neurological disorder or cervical radiculopathy. 

Hearing impairment, pregnant female, temporo-mandibular surgery, body mass index above 30, 
systemic disorder were also excluded from the study. 
 
Procedure: 
 
Pain assessment 

 Pain was assessed by Visual Analogue Scale (VAS)  which is the optimal tool  with  has high 
reliability (CC=0.94) ( Hawker et al., 2011). 

 
Back function assessment 

Back function was assessed by Oswestry Disability Index (ODI): It is instrument with high 
internal consistency (=0.71– 0.8) and test–retest reliability (intra-class correlation coefficient 0.84 7.), 
It is a self-reported questionnaire comprised of 10 questions which asks patients about their ability to 
manage everyday life and covers intensity of pain, lifting, the ability to care for oneself, ability to 
walk, the ability to sit, sexual function, ability to stand, social life, sleep quality, and ability to travel. 
Answers are then scored on a 0-5 scale, zero meaning no disability 5 representing the greatest 
disability (Fairbank and Pynsent, 2000; Smeets., 2011). 

 
Head posture measurement 

CV angle was measured by the EHPI, which was composed of an electronic angle finder 
attached with metal ruler supported on camera stand ,The assessor first located the spinous process of 
C7 by asking the subject to flex and extend the neck. The C7 spinous process is more prominent, 
whereas the C6 spinous process is absent in palpation when the neck is extended. The C7 spinous 
process was then marked by a small flag to ensure the correct location and consistency of the bony 
landmark. Another small flag fixed at the tragus of  dominant hand of patient , During the assessment, 
the patient was required to stand in a relaxed posture .The patient was then instructed to flex and 
extend his or her head three times and then rest the head in a comfortable neutral position (Yip et al., 
2008). The assessor performed the assessment in sagittal view of dominant side of patient, the 
assessor aligned the axis of the camera stand with the C7 spinous process, The EHPI was put on the 
standardized marking on the floor, and the camera stand was adjusted to the position until the bubble 
of the horizontal indicator and the central marking overlapped. The distance from the participant’s 
shoulder tip to the center of the tripod stand was standardized to 0.3 m while the distance between the 
assessor’s eyes and the tripod stand was 0.5 m because this was the longest distance that the assessor 
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could reach A virtual line was drawn between the two pin markers from midpoints of the tragus to C7. 
The therapist adjusted the EHPI until the two indicator lines were aligned with the markers. The 
reading from the Angle Finder represented the CV angle (Lau et al., 2009). 

  
Measurement of sacral slope angle: 

Lateral radiograph of the pelvic was taken from a constant distance between the subject and the 
radiographic source, nearly (100cm). The subject stood in a comfortable position, with the knees fully 
extended and the arms flexed forward to 45° and resting on supports. The radiograph was centered on 
the twelfth thoracic vertebra and was made during inhalation. The measurements were made using 
Surgimap (Nemaris Inc, New York, NY) with excellent reliability (ICC >0.9) (Lafage et al., 2015) 
Spino-pelvic parameters are automatically generated by the software based on the demarcated 
landmarks and splines. 
- Sacral slope is the angle between the horizontal line and the cranial sacral end-plate tangent (Legaye 
et al., 1998). 
-Pelvic incidence: is the angle between the perpendicular line to the sacral plate at its midpoint and the 
line connecting the point to the middle axis of the femoral heads (Legaye et al., 1998). 
 
Statistical analysis 

A Pearson correlation coefficient was applied to study the strength and direction of a linear 
relationship between variables such as Cranio-vertebral angle , visual analogue scale, sacral slope 
angle pelvic incidence, Oswestry disability index (ODI), Statistical analysis was conducted using 
SPSS for windows, version 23 (SPSS, Inc., Chicago, IL). Further, one way MANOVA was conducted 
to compare all dependent variables between both groups, the alpha level was set at 0.05. 
Independent t test was used to determine descriptive statistics analysis for general characteristic of 
subjects values (age, body mass, height, and BMI) for the both tested group, further Chi square test 
was used to determine differences in sex between both groups. 
 
Results 
 

Morphological characteristics of participants in the study. 
The Pearson correlation coefficient revealed that, Forward head posture was significantly 

correlated neither with sacral slope angle (r=0.188; P <0.05), nor with pelvic incidence (r=0.077; P 
<0.05). Further (CVA) has no correlation with neck pain (r=0.077), and ODI (r=0.04) 

Statistical analysis using one way MANOVA was conducted to compare all variables between 
both groups 
 
Table 1: Descriptive Statistics of Participants age, weight, height, BMI, and gender. 

 
Group A 
(N=22) 

Group B  
(N=18) 

t-value P-value 
Level of 

significant 
Age (years) 23.09±3.37 23.44±2.74 -0.357 0.723 N.S 
Bodymass (kg) 63.8±12.05 66.45±9.15 -0.767 0.448 N.S 
Height (cm) 162.1±8.82 168.61±8.07 -2.411 0.05 N.S 
BMI (kg/m2) 24.16±3.55 23.33± 2.63 0.828 0.413 N.S 

Sex distribution N (%) 
 

Group A Group B X2 P-value 
Level of 

significant 
Female 16(72.7%) 11 (61.2%) 

0.609 0.509 N.S Male 6 (27.3%) 7(38.8%) 

*Significant at alpha level <0.05 

1-Sacral angle between both groups 
        The mean ± SD values of sacral angle in the "group A" and "group B" were 37.7±6.45 and 
37.2±8.2 respectively. Multiple pairwise comparison tests (Post hoc tests) revealed that there was no 
significant difference in sacral angle in group B in compared with group A with (F=0.047, p= 0.829). 
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2-Pelvic incidence between both groups 
      The mean ± SD values of pelvic incidence in the "group A" and "group B" were 52.4±8.77 and 
49.01±8.56 respectively. Multiple pairwise comparison tests (Post hoc tests) revealed that there was 
no significant difference in pelvic index in group B in compared with group A with (F=1.511, p= 
0.227). 
 
3-VAS between both groups 
     The mean ± SD values of VAS in the "group A" and "group B" were 4.78±1.54 and 4.83±1.98 
respectively. Multiple pairwise comparison tests (Post hoc tests) revealed that there was no significant 
difference in VAS in group B in compared with group A with (F=0.01, p= 0.921). 
 
4-Oswestry disability index between both groups 
     The mean ± SD values of Oswestry disability index in the "group A" and "group B" were 
14.46±8.24 and 14.63±7.74 respectively. Multiple pairwise comparison tests (Post hoc tests) revealed 
that there was no significant difference in Oswestry disability index in group B in compared with 
group A with (F=0.004, p= 0.948). 
 
Discussion 
 
Forward head posture and sacral slope angle 

 This study was conducted to investigate the relationship between forward head posture and 
sacral slope angle, this study utilized a non-invasive instrument with high reliability (Lau et al., 2009), 
EHPI was  validated by (Lau et al., 2010) to measure forward head posture, further sacral slope angle 
was measured by x ray. To our knowledge, no previous studies have investigated the relation between 
forward head posture and sacral slope angel. The results of this study demonstrated that Forward head 
posture has no correlation with sacral slope angle (r=0.188; P <0.05), and pelvic incidence (r=0.077; P 
<0.05).The mean sacral angle, cranio-vertebral angle and pelvic incidence was (36.51±9.32) & 
(46.6±5.02), (49.6±11.88) respectively. 

The results of this study was consistent with Endo et al. (2016) finding who evaluate the 
association between cervical sagittal alignment and thoracic/lumbo pelvic sagittal alignment and 
suggested that, the cervical sagittal vertical axis did not correlate with lumbar lordosis, sacral slope, or 
pelvic tilt further ,Pelvic incidence correlated with the sacral slope and lumbar lordosis , but not with 
thoracic kyphosis or cervical alignment. 

This finding is in line with  finding of study was conducted to investigate the effect of forward 
head posture on spinal curvature on healthy subjects by Talati et al. (2018) in which they noted that 
there is no significant correlation between forward head posture, thoracic kyphosis, and lumbar 
lordosis in normal adults aged 18–35 years, further Boulet et al., (2016) who investigated 
Relationships between each part of the spinal curves, noted that no significant correlation between 
cervical lordosis angle(between the T4 and C3 vertebra) and thoracic kyphosis and lumbar lordosis. 
According to Singla & Veqa, (2017) mal-alignment of head posture ,alter position  line of gravity, 
thus become anterior to c7 in forward head posture, the body recruit the compensatory mechanism to 
relocate line of gravity within base of support, but (Roussouly et al., 2006) noted a significant 
correlation between the position of the gravity line and the pelvic tilt (R = 0.746, P < 0.001), but no 
correlation between the position of the gravity line and the sacral slope (R = 0.058, P < 0.473). 

It is possible that the individual exhibit different compensatory mechanisms to restore 
horizontal eye gaze and line of gravity within base of support thus, compensatory mechanism may be 
regional at adjacent segment and adjacent curve or may be global, further according to (Lamartina & 
Berjano, 2014) findings who classified compensatory mechanism into two categories: compensated 
imbalance, in which compensation can occur by spinal or non-spinal segments  consequently the body 
uses muscle force to improve alignment with a resulting spinal shape that restores the gravity line 
position and horizontal gaze .In this stage, the individual is able to meet these alignment goals, but at 
the price of increased muscle activity, in case of Increasing deformity or inadequate muscle strength 
or endurance in the Individual can make compensatory mechanisms to fail This situation is defined as 
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uncompensated imbalance (Gangnet et al., 2003) also found large variability of the spine 
configuration with respect to the gravity line. 

On contrary Polansky et al. (1996) investigated the influence of different sitting posture on 
cervical  and lumbar posture and concluded that, correlation between Lumbar curve and total angle of 
cervical  spine(position of head relative to cervical base) are strongly correlated, as the position of 
lumbar orient toward extension, The cervical spine tend to move toward flexion, in addition the result 
of Choi et al. (2014) revealed that Lumbar lordosis is largely affected by sacral slope angle. 
further, Narrative review of Ames et al., (2013) concluded that CL depends on both TK and LL ,CL 
can be considered an adaptive spinal segment in which it changes relative to the other spinal segments 
to attempt to maintain the head over the pelvis and maintain horizontal gaze.  

However  Ames et al. (2013) stated that A large Pelvic incidence requires a large sacral slope 
angle  ,large Lumbar lordosis. An increase of Lumbar Lordosis is correlated with an increased 
Thoracic kyphosis, which is correlated with an increased Cervical Lordosis, thus the difference 
between the results could reflect structural differences that our study didn’t take it into account. 

 
Neck pain and forward head posture 

The result of these study revealed that there is no significant differences between forward head 
posture and VAS in patients with chronic neck pain. 

Our finding is consistent with systematic review ,conducted by Silva et al. (2010) that compared 
Head Posture between participants with NP and asymptomatic participants ,which could not find  
relation between forward head posture and neck pain. Also the finding of these study is in line with 
(Ghamkhar & Hossein, 2018) finding, who investigate the relation between FHP in Chronic Neck 
pain patients and asymptomatic participants  in which the mean VAS of these study was (3.95 ± 2.15) 
and the mean VAS of our study was(4.07±2.19), which concluded, that the cranio-vertebral angle 
(defining FHP)  was not different between the chronic neck pain patient and the asymptomatic groups.  

It is possible that no correlation exist due to sub-classifications of neck pain in which etiology, 
pathophysiology, location and duration of symptoms and control of these factors was lacked in these 
study. Also, lack of association between Neck Pain and cervico-thoracic posture was suggested by 
Straker et al. (2009) which concluded that posture may have only a small influence on neck pain. 
In addition a study of Yip et al. (2008) who  measured the CV angle by using the Head Posture Spinal 
Curvature Instrument (HPSCI) that has high degree of reliability in chronic neck pain patients to 
investigate the relationship between head posture with pain and disability in patients with neck pain 
and concluded that The correlation between CV angle and neck pain were only moderate at best. 

On other hand Haughie et al. (1995)  reported that craino-vertebral angle decrease in chronic 
neck patient ,when investigated the relationship of forward head posture and cervical backward 
bending to neck pain in which the cranio-vertebral angle was measured by CROM and the mean age 
of the subjects in the case group was 46 years old and have pain in 4 area or more, the control group 
was 44 years of age with pain in three areas or less were considered the control group. The mean age 
in our study was 23.25±3.07. further according to Raine & Twomey, (1997) finding the relation 
between sagittal C7-tragus angle and age was statistically significant, indicating that subjects had a 
more forward-placed head with increasing age.  

In addition a study of  Mohankumar & Yie, (2018) who assessed head and neck posture in 
young adults with chronic neck pain by measuring cranio-vertebral angle by  Photographic method 
with patients at the same age of our study range from (20:30) and mean of cranio-vertebral angle was 
53.2 in neck pain group which numerical Rating Scale (NRS) score for pain from 3 to 7 and 50.5  in 
healthy subjects group he concluded that forward head posture predisposes people to suffer neck pain.  
 The difference between result of our study and the result of these study could explained by Yip et al., 
2008) study who concluded that the association between forward head posture and  level of neck pain 
might reveal about 10–15% (if it were a causative relationship), but there are many factor associated 
with neck pain for example, osteoarthritis changes, repetitive strain, overuse syndromes and 
psychological factors that can contribute to the level of neck pain and disabilities. 

In addition the mean of cranio-vertebral angle of our study is 46.6±5.02 which is smaller than 
the mean of these study, the difference between these study and ours could be explained faulty posture 
might increase loading to the non-contractile structures and abnormal stress on the posterior cervical 
structures and cause myofascial pain. 
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 So prolonged being in faulty posture make the individuals have adapted to postural changes to 
permit the least amount of pain and muscular effort expenditure (Christie et al., 1995). In addition to 
(De-La-Llave-Rincón et al., (2009 who noted that  the change of head posture may be a consequence ( 
an antalgic posture in trying to reduce pain, rather than a possible etiologic factor). However, to date 
the association between forward head posture and neck pain is controversial. 

 
Forward head posture and Oswestry disability index 

In these study Pearson correlation coefficient (r) between mean value of Cranio-vertebral angle 
and Oswestry disability index for back function was 0.04 which  means there was no correlation 
(p=0.808).thus, change in the Cranio-vertebral angle is not consistent with change in Oswestry 
disability index 

The finding of present study is in line with Christensen & Hartvigsen, (2008) who conducted a 
systematic critical review of epidemiological studies published between 1942 and 2008  does not 
support any association between sagittal spinal curves and health, including spinal pain and function. 
Similarly systematic review has been conducted by  Dieck et al., (1985) who didn’t find any relation 
between posture and pain 

In addition, Endo et al. (2016) results who investigated relationship among cervical, thoracic, 
and lumbo-pelvic sagittal alignment in healthy adults and concluded that cervical sagittal vertical axis 
did not correlate with lumbar lordosis sacral slope, or pelvic tilt. In which increase lumbar lordosis 
and pelvic tilt associated with back dysfunction and pain. (Day, Smidt, & Lehmann, 1984). 
In contrast Christie et al. (1995) investigated  the Postural Aberrations in Low Back Pain and noted 
that faulty postural changes alignment with respect to the line of gravity that may lead to other 
adaptive postural changes that induce pain and dysfunction. 

Further, study of Cădar & Pop, (2015) who investigate the importance of cervical spine posture 
rehabilitation in treatment of low back pain concluded that  biomechanical changes  due to forward 
head lead to modification of the body gravity-center, which will overuse the lumbar spine. In these 
conditions the lumbar spine won’t be able to balance the body on the pelvis girdle and lower limbs 
consequently, degeneration mainly of the spine structures, but also of the other joints, muscular 
imbalances, inflammations and faulty movement patterns which compromise the whole body 
dynamic. 

The difference between findings of the studies could explained according to Womersley & 
May, (2006) study who found that minimal level of spinal muscle activity have been noted in relaxed 
sitting postures in young adult, and  pain due to extreme spinal positions is provoked by mechanical 
load on articular and periarticular structures rather than sustained muscular activity Thus, the 
mechanism of pain stimulation in postural backache could be mechanical tension stress on soft tissues 
without overt tissue damage. Once the individual leaves that posture, the tension is released and the 
discomfort abates without more serious sequelae, thus  persistent maintained poor posture throughout 
life may has implications on back ache on older population  and contribute to loss of movement and 
function. 

 
Conclusion 

On the basis of the present results it is possible to conclude that, there was no correlation 
between forward head posture and sacral slope angle, The CV angle has no correlation with VAS in 
neck pain patient, further head posture doesn’t influence back function.  
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