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ABSTRACT  
Background: Forward head posture has been 
proposed to affect sensorimotor function. 
However, its effect on the cervical proprioceptive 
sense (JPS) and postural control remains unclear.  
Objective: To determine whether forward head 
posture affects cervical joint position sense and 
standing balance in healthy university students. 
Methods: 60 university students (30 with forward 
head posture and 30 with normal head posture), 
aged between 19 and 24, were included in this 
study. Forward head posture was screened by 
craniovertebral (CV) angle. The CV angle ≤ 48 
degrees was considered as having a forward 
head posture. The cervical JPS was measured in 
cervical extension and rotation to the right and left 
sides, using a laser pointer attached to the head. 
Standing balance was measured using a sway 
meter under two conditions: narrow stance with 
eyes open and closed. The outcome measures 
were cervical joint position error (JPE), and 
postural sway area, and displacement in 
anteroposterior (AP) and mediolateral (ML) 
directions. 
Results: There were no significant differences 
between groups for the cervical JPE in all 
directions (all p  0.05). The total sway area and 
displacement in AP and ML directions during 
standing with eyes open and closed were not 

found to be different between both groups (all p  
0.05) 
Conclusion: Forward head posture did not affect 
the cervical joint position sense and standing 
balance in healthy university students. This may 
suggest that forward head posture does not 
contribute to sensorimotor integration. 
  
Keywords: CV angle, forward head posture, joint 
position sense, sensorimotor function, standing 
balance 
 
บทคัดยอ่    
ที่มาและความส าคัญ: ทา่ทางของศีรษะยื่นไปขา้งหนา้
ถูกพบว่ามีผลต่อการท างานด้านการรบัรูแ้ละสั่งการ 
อยา่งไรก็ตาม ผลกระทบของศีรษะยื่นไปขา้งหนา้ตอ่การ
รบัรูต้  าแหน่งของกระดูกสนัหลงัส่วนคอและการทรงท่า
ยงัไมท่ราบชดัเจน 
วัตถุประสงค:์ เพื่อศกึษาผลของทา่ทางของศีรษะยื่นไป
ขา้งหนา้ต่อการรบัรูต้  าแหน่งของกระดูกสนัหลงัสว่นคอ
และการทรงตัวขณะยืนในนักศึกษามหาวิทยาลัยที่มี
สขุภาพดี 
วิ ธีการวิจัย : อาสาสมัครประกอบด้วยนักศึกษา
มหาวิทยาลยัจ านวน 60 คน (30 คนมีท่าทางของศีรษะ
ยื่นไปขา้งหนา้ และ 30 คนมีทา่ทางของศีรษะปกติ) ช่วง
อายุระหว่าง 19 ถึง 24 ปี  ท่าทางของศี รษะยื่นไป
ข้างหน้าถูกคัดกรองด้วยการวัดมุมการยื่นของคอ 
(craniovertebral angle, CV angle) โดยมมุการยื่นของ
คอ ≤ 48 องศาถูกพิจารณาว่ามีท่าทางของศีรษะยื่นไป
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ขา้งหนา้ การรบัรูต้  าแหน่งของกระดกูสนัหลงัสว่นคอวดั
โดยใชเ้ลเซอรท์ี่ติดอยู่เหนือศีรษะในทิศทางเงยคอ และ
หมนุคอไปทางดา้นซา้ยและขวา การทรงตวัขณะยืนวดั
โดยใชอุ้ปกรณ์วดัการแกว่งของร่างกาย (sway meter) 
ใน 2 เง่ือนไข คือ ยืนเทา้ชิดพรอ้มกบัลืมตาและหลบัตา 
ตัวแปรที่วัด ได้แก่  ความคลาดเคลื่อนของการรับรู ้
ต  าแหน่งของคอ และพืน้ที่การแกว่งของร่างกายและ
ระยะการแกว่งของร่างกายในทิศทางด้าน-หลัง และ
ซา้ย-ขวา 
ผลการวิจัย: ไม่พบความแตกต่างอย่างมีนัยส าคัญ
ระหว่างกลุ่มของความคลาดเคลื่อนของการรับ รู ้
ต  าแหน่งของคอในทุกทิศทาง (ทัง้หมด p > 0.05) พืน้ที่
ของการแกว่งของรา่งกายและการแกว่งของรา่งกายใน
ทิศทางด้านหน้า-หลัง และซ้าย-ขวา ขณะยืนลืมตา-
หลบัตา ไม่ถูกพบความแตกต่างอย่างมีนัยส าคัญทาง
สถิติระหวา่งสองกลุม่ (ทัง้หมด p > 0.05) 
สรุปผล: ทา่ทางศีรษะยื่นไปขา้งหนา้ไมม่ีผลต่อการรบัรู ้
ต  าแหน่งของกระดกูสนัหลงัสว่นคอและการทรงตวัในท่า
ยืนในนกัศกึษามหาวิทยาลยัที่มีสขุภาพดี ผลการศึกษา
นีอ้าจจะแสดงใหเ้ห็นวา่ทา่ทางศรีษะยื่นไปขา้งหนา้ไมไ่ด้
ส่งผลต่อการประมวลผลของระบบการท างานของการ
รบัรูแ้ละการสั่งการ 
 
ค าส าคัญ: มุม CV  ท่ายื่นศีรษะไปทางดา้นหนา้  การ
รบัความรูส้กึต าแหนง่ของขอ้ตอ่  การท างานรว่มระหวา่ง
การรบัความรูส้กึและการสั่งการ  การทรงตวัในทา่ยืน 

 
Introduction  

Forward head posture is usually defined 
as resting head posture held in front of the line of 
gravity with the eyes level or angled downwards in 
upright position1. Its incidence varies from 66% to 
85% in healthy individuals2. There is evidence that 
forward head posture produces a compressive 
force on the cervical spine3.   Thus, forward head 
posture is suggested to be associated with neck 

pain4, although good quality evidence to support 
its association remains unclear5. Additionally, the 
forward head posture often coexists with rounded 
shoulders and increased thoracic kyphosis6. A 
study demonstrated that forward head posture 
mediated the relationship between thoracic 
kyphosis and cervical range of motion, particularly 
in rotation and flexion7.  

It has been proposed that forward head 
posture affects the sensorimotor system 
responsible for joint proprioception and balance 
control.8, 9 Cervical muscles, specifically deep 
layers, provide support and stability to the cervical 
spine.10 The deep cervical muscles are shown to 
have a high density of muscle spindles providing 
proprioceptive information for the sensorimotor 
system.11, 12 Performance of cervical flexor and 
extensor muscles was associated with forward 
head posture in healthy individuals.13  There is 
evidence that forward head posture can alter 
cervical afferent input to the central nervous 
system, resulting in impaired sensorimotor 
integration.8, 9  A delay in the onset of cervical 
flexion-relaxation phenomenon following static 
flexion was also found in healthy subjects.8 
Dysfunction of cervical flexor and extensor 
muscles associated with forward head posture 
may therefore result in altered cervical 
mechanoreceptors, leading to impaired cervical 
joint position sense. Additionally, a recent study 
has demonstrated that young healthy computer 
workers who spent > 6 hours/day working at a 
computer had a more pronounced forward head 
posture, a more anterior center of gravity, and 
poorer balance performance compared with those 
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who spent < 1 hour/day working at a computer.14 
This result may suggest that forward head posture 
contributes to a disturbance in balance during 
standing. However, Silva et al. 15 in contrast, found 
that an induced forward head posture did not 
affect postural control in healthy university 
students. The authors discussed that one possible 
reason might be associated with a period of 
forward head posture. Another reason might be 
due to that the postural control system of young 
healthy participants could adapt to the challenges 
imposed by exaggerated forward head posture. 
According to the association of the cervical 
afferent input and sensorimotor system, forward 
head posture on cervical proprioceptive sense 
and postural control should be further explored. 
Thus, the present study aimed to determine 
whether forward head posture affects cervical joint 
position sense and standing balance in healthy 
individuals. 
 
Methods 
Participant 
 Sixty university student volunteers (30 
with forward head posture and 30 without forward 
head posture), aged between 19 and 24, were 
enrolled in the study. University students were 
chosen based on the assumption of a 
comparatively homogenous population. All 
participants were recruited through 
advertisements on Facebook and flyers on 
university campuses located in Chiang Mai. 
Exclusion criteria were dizziness, neck and 
shoulder pain, any musculoskeletal 
problems/conditions that could affect outcomes 

(e.g., back pain, ankle pain, and myofascial pain), 
vestibular disorders, and non-athletes.  
Participants were made an appointment with a 
blinded assessor for assessment of forward head 
posture. Forward head posture was measured by 
craniovertebral (CV) angle with a digital camera 
(Canon EOS 600D) in a natural sitting position.16 
The CV angle was defined as the intersection of a 
line drawn from the tragus of the ear to the C7 
spinous process and a horizontal line passing 
through the C7 spinous process17 (Figure 1). The 
head posture was measured twice in a lateral view 
with the right side of the participant 
photographed. The CV angle of each photograph 
was measured twice in degrees using the Image J 
program, and an average value was used for 
determining forward head posture. Participants 
who had a CV angle ≤ 48 degrees were 
considered to have a forward head posture, and 
those with a CV angle ( > 48 degrees) were 
considered to have a normal head posture.18 In 
this study, intra-rater reliability of the CV and SH 
measurements was performed in 15 university 
students, and the results were excellent (ICC3 ,1  = 
0.91 and 0.85, respectively) 

Outcome measures 
- Cervical joint position sense (JPS) test 

 Cervical JPS test was measured using a 
laser pointer attached to the head described by 
Revel et al.19 Participants sat on a chair with the 
head in a neutral position, 90 centimeters away 
from the center of a target attached on a wall. 
Participants were asked to close their eyes and 
perform an active cervical movement and return 
as accurately as possible to the starting position. 
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Figure 1 Measurement of CV angle 

 
The cervical JPS was tested in cervical extension 
and rotation to the right and left directions in 
random order. Each direction was measured three 
times. The participant's head was repositioned 
back to the starting position by the examiner 
before the beginning of each trial. No verbal 
feedbacks were given during the testing.  An 
absolute joint position error (JPE) was calculated 
from the final laser position and the starting 
position for each trial. An average value of the JPE 
for three trials of each movement was used for 
analysis. 

- Standing balance test  
A sway meter was used to measure static 

standing balance, according to previous    
studies.20, 21 The sway meter comprised a 40-cm-
long rod with a vertically mounted pen at its end 
attached to a belt.  It was attached to participants 
at their waist levels with a rod extending 

posteriorly (Figure 2). Participants were asked to 
stand barefoot with their feet together (narrow 
stance) under two different conditions in a 
standardized order: 1) eyes open, and 2) eyes 
closed.15 Participants were instructed to stand as 
still as possible for 30 seconds for each condition. 
Each condition was measured once, and a 10-
second rest was allowed between each condition. 
The pen recorded the participant's postural sway 
on a millimeter graph paper fastened to the top of 
an adjustable-height table. The displacement in 
the maximum anterior-posterior (AP) and medial-
lateral (ML) directions and a total sway area were 
calculated by the number of millimeter squares 
traversed by the pen. 

Figure 2 Standing balance measure using a sway 
meter 

- Study procedure 
Participants were screened for the 

exclusion criteria and by measuring the CV angle. 



Nontacha Jantoon and Sureeporn Uthaikhup          Thai Journal of Physical Therapy 2021; 43(1): 22-30 

26 

Participants were divided into two groups: forward 
head posture (CV angle ≤ 48 degrees) and normal 
head posture (CV angle  48 degrees). The tests 
were measured in a fixed order as follows: 
cervical JPS and standing balance. Five-minute 
intervals were given between the JPS and 
standing balance tests. All tests were performed 
by an examiner who was blinded to the 
participants' group. 

This study was approved by the ethical 
review committee for research in humans, Faculty 
of Associated Medical Sciences, Chiang Mai 
University (AMSEC-61EX-085). All participants 
provided written informed consent before the 
commencement of the study. 

Statistical analysis 
Descriptive statistics and independent t-

test were used to determine the demographic 
characteristics of participants. Shapiro-Wilk test 
was used to analyze the normality of the outcome 
variables. An independent t-test was used to 
analyze differences in the cervical JPE and the 

sway area and displacements between groups. 
The level of significance was set at 0.05. 
 
Results 

Demographic characteristics for the 
participants are presented in Table 1. The CV 
angle was less in the forward head posture group 
than the normal head posture group (p  0.01). 
There were no between-group differences in other 
characteristics of participants, including duration 
of sitting during studying and duration of 
smartphone use (all p  0.05). 

The cervical JPE values in extension and 
rotation (left and right) and the sway area and 
displacement in AP and ML directions for the 
forward head posture and normal head posture 
groups are provided in Table 2. There were no 
significant differences in the cervical JPE in all 
directions between groups (all p  0.05). The total 
sway area and displacements during standing 
with eyes open and closed were not found to be 
different between both groups (all p  0.05)   
(Table 2). 
 
 

Table 1 Demographic characteristics of the participants 

Variables 
Forward head posture  

(n = 30) 
Normal head posture  

(n = 30) 
p-value 

Age (yrs.) 22.07 ± 1.31 21.80 ± 1.58 0.48 
Gender (% female) 70.00 60.00 0.43 
Height (cm.) 162.97 ± 8.16 165.28 ± 10.63 0.35 
Weight (kg.) 60.47 ± 11.27 58.64 ± 11.41 0.53 
Duration of sitting during studying (hrs.) 6.10 ± 2.19 6.43 ± 2.75 0.61 
Duration of smartphone use (hrs.) 8.08 ± 3.36 8.23 ± 3.97 0.86 
CV angle (degree) 44.67 ± 2.47 51.54 ± 2.95 0.01* 
Note: yrs. = years, cm. = centimeters, kg. = kilograms, hrs. = hours, CV angle = craniovertebral angle, *  p-value < 0.05 
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Table 2 Outcome variables between the forward head posture and normal posture groups (mean ± sd) 

Variables 
Forward head 

posture  
(n = 30) 

Normal head 
posture  
(n = 30) 

Mean difference 
p-value 

95% confidence interval 

JPE (degrees) 
     - extension 3.28 ± 1.50 3.39 ± 2.23 0.10 (-0.89 to 1.08) 0.84 
     - rotation to the left 3.79 ± 1.57 3.83 ± 1.35 0.03 (-0.72 to 0.79) 0.93 
     - rotation to the right 3.22 ± 1.72 3.47 ± 1.41 0.25 (-0.57 to 1.06) 0.55 
Postural sway  

 eyes open 
          - AP displacement (cm.) 
          - ML displacement (cm.) 
          - total area (cm2.) 

 
 

1.95 ± 0.83 
1.84 ± 1.10 
8.20 ± 3.47 

 
 

1.90 ± 0.65 
1.63 ± 1.12 
8.06 ± 4.32 

 
 

-0.05 (-0.43 to 0.33) 
-0.22 (-0.79 to 0.36) 
-0.14 (-2.16 to 1.89) 

 
 

0.79 
0.45 
0.89 

 eyes closed 
          - AP displacement (cm.) 
          - ML displacement (cm.) 
          - total area (cm2.) 

 
2.27 ± 0.83 
1.73 ± 1.01 
9.52 ± 4.59 

 
2.12 ± 0.81 
1.95 ± 1.03 
10.18 ± 5.09 

 
-0.15 (-0.57 to 0.27) 
0.22 (-0.31 to 0.74) 
0.66 (-1.84 to 3.16) 

 
0.48 
0.41 
0.60 

Note: JPE = joint position error, AP = anterior-posterior, ML = medial-lateral, cm. = centimeters, cm2. = square centimeters 

 
Discussion  

This study demonstrated that forward 
head posture did not affect the cervical joint 
position sense and standing balance in healthy 
university students. There were no differences in 
the cervical JPE values and sway area and 
displacement in AP and ML directions between 
the participants with forward head posture 
compared to controls with normal head posture. 
Knowingly, the cervical muscles play an important 
role in head and neck posture as well as provide 
proprioceptive information, which is an essential 
component of sensorimotor function. Thus, it was 
expected that changes in head and neck posture 
(forward head posture) would disturb cervical joint 
position sense and standing balance. The results 
of this study do not support other previous studies 

suggesting that forward head posture and static 
neck flexion could lead to changes in the cervical 
proprioception and affected sensorimotor 
integration.8, 9 Additionally, the results of this study 
are inconsistent with a recent study suggesting 
that forward head posture during computer-based 
work (> 6 hours/day) might contribute to some 
disturbance in the balance of healthy adults.14 The 
discrepancy of the previous and our findings may 
be due to differences in participant characteristics 
and methodological approaches. This study 
investigated university students with and without 
forward head posture, using a sway meter. In 
contrast, Kang et al. 14 investigated subjects who 
worked with computers for over 6 hours per day 
compared to those who rarely worked with 
computers, using computerized dynamic 
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posturography.  However, no impaired standing 
balance observed in our participants with forward 
head posture is consistent with the findings of 
Silva et al.'s study investigating balance in young 
university students when they were in their natural 
head posture and when they were required to 
perform an exaggerated forward head posture.15 
Silva et al. 15 found that induced forward head 
posture did not affect postural control. Although 
there is evidence suggesting that persons with 
forward head posture had reduced cervical range 
of motion22 and impaired cervical muscle 
performance, it is possible that forward head 
posture is not enough to alter cervical 
proprioceptive information and impaired 
sensorimotor function.  The ability to maintain 
balance involves cervical proprioception and 
sensory information from visual, vestibular, and 
somatosensory systems and musculoskeletal 
system.23,24  Thus, balance in those with forward 
head posture may rely on or be compensated by 
the other systems.  Alternatively, it may be due to 
severity and a period of forward head posture 
occurred, which is yet to be answered in this and 
the previous studies.15 

Regarding the cervical JPS,  the results of 
this study showed no differences in the cervical 
JPE between those with and without forward head 
posture. As the present study was the first study 
investigating the influence of forward head 
posture on the cervical JPS, no previous findings 
of JPS are available for comparison. Nonetheless, 
Dolan and Green25 found a significant increase in 
lumbar joint repositioning error after 5 minutes in a 
slouched posture. The cervical proprioceptive 

system consists of mechanoreceptors in the 
capsule, muscle, ligament, and joint around the 
cervical spine. The mechanoreceptors in such 
structures can be disturbed by several factors, 
including pain, injury, and dysfunction.26, 27  
Forward head posture has been suggested to be 
associated with an increase in the compressive 
forces to the cervical structures, including 
apophyseal joints, ligaments, and posterior neck 
structures.3  The JPS test in this study might not 
be challenging enough. On the other hand, it may 
be due to severity and a period of forward head 
posture. Therefore, further studies are still needed 
to confirm our findings and investigate JPS in 
different populations, for example, in persons with 
neck pain with and without forwarding head 
posture.  

There are some limitations to this study. 
Participants recruited into the study were 
university volunteers aged range 19-24 years. This 
potentially limits the generalizability of the study's 
results to other populations. Additionally, this 
study focuses on the sensorimotor system, a 
subcomponent of a comprehensive motor control 
system, and yet targets through the sensory, 
motor, and central integration components. Thus, 
this issue should be addressed in future research. 
Further studies should also investigate 
sensorimotor function in different groups of 
populations with forward head posture and 
persons with neck pain associated with forward 
head posture.  Additionally, more challenging 
tests of the balance (e.g., dynamic standing 
balance and gait) and JPS (e.g., neck torsion and 
en bloc) should be included in further studies. 
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Conclusion 
Forward head posture did not affect the 

cervical joint position sense and standing balance 
in healthy university students. This suggests that 
forward head posture may not contribute to 
sensorimotor integration.  

 
Acknowledgment 

This study was granted by the Faculty of 
Associated Medical Science, Chiang Mai 
University. The authors would like to thank Mr. 
Patipan Saithichai and Miss Kawintra Sittikraipong 
for their assistance in data collection.  
 
References 
1. Grimmer-Somers K, Milanese S, Louw Q. 

Measurement of cervical posture in the sagittal 
Plane. J Manipulative Physiol Ther. 2008;31(7): 
509-17. 

2. Griegel-Morris P, Larson K, Mueller-Klaus K, 
Oatis CA. Incidence of common postural 
abnormalities in the cervical, shoulder, and 
thoracic regions and their association with pain 
in two age groups of healthy subjects. Phys 
Ther. 1992;72(6):425-31. 

3. Edmondston SJ, Sharp M, Symes A, Alhabib 
N, Allison GT. Changes in mechanical load 
and extensor muscle activity in the cervico-
thoracic spine induced by sitting posture 
modification. Ergonomics. 2011;54(2):179-86. 

4. Nejati P, Lotfian S, Moezy A, Nejati M. The 
study of correlation between forward head 
posture and neck pain in Iranian office 
workers. Int J Occup Med Environ Health. 
2015;28(2):295-303. 

5. Silva AG, Punt TD, Sharples P, Vilas-Boas JP, 
Johnson MI. Head posture and neck pain of 
chronic nontraumatic origin: a comparison 
between patients and pain-free persons. Arch 
Phys Med Rehabil. 2009;90(4):669-74. 

6. Yip CH, Chiu TT, Poon AT. The relationship 
between head posture and severity and 
disability of patients with neck pain. Man Ther. 
2008;13(2):148-54. 

7. Quek J, Pua YH, Clark RA, Bryant AL. Effects 
of thoracic kyphosis and forward head posture 
on cervical range of motion in older adults. 
Man Ther. 2013;18(1):65-71. 

8. Mousavi-khatir R, Talebian S, Maroufi N, Olyaie 
G. Effect of static neck flexion in cervical 
flexion-relaxation phenomenon in healthy 
males and females. J Bodyw Mov Ther. 2015; 
20(2):235-42. 

9. Shimaa T. Abu El Kasem OMK, Neveen A. 
Abdel Raoof, Ibrahim M. Moustafa. Effect of 
forward head posture on sensorimotor 
integration. Int J Phys Ther. 2017;4(2):118-25. 

10. Mayoux-Benhamou MA, Revel M, Vallee C, 
Roudier R, Barbet JP, Bargy F. Longus colli 
has a postural function on cervical curvature. 
Surg Radiol Anat. 1994;16(4):367-71. 

11. Boyd-Clark LC, Briggs CA, Galea MP. Muscle 
spindle distribution, morphology, and density 
in longus colli and multifidus muscles of the 
cervical spine. Spine J. 2002;27(7):694-701. 

12. Liu JX, Thornell LE, Pedrosa-Domellof F. 
Muscle spindles in the deep muscles of the 
human neck: a morphological and 
immunocytochemical study. J Histochem 
Cytochem. 2003;51(2):175-86. 



Nontacha Jantoon and Sureeporn Uthaikhup          Thai Journal of Physical Therapy 2021; 43(1): 22-30 

30 

13. Goh JYK, O'Leary S, Chow A, Russell T, 
McPhail S. The relationship between forward 
head posture and cervical muscle 
performance in healthy individuals. J 
Physiother. 2015. doi: 10.1016/j.physio. 
2015.03.3247 

14. Kang JH, Park RY, Lee SJ, Kim JY, Yoon SR, 
Jung KI. The effect of the forward head 
posture on postural balance in long time 
computer based worker. Ann Rehabil Med. 
2012;36(1):98-104. 

15. Silva AG, Johnson MI. Does forward head 
posture affect postural control in human 
healthy volunteers? Gait Posture. 2013;38(2): 
352-3. 

16. Hickey ER, Rondeau MJ, Corrente JR, Abysalh 
J, Seymour CJ. Reliability of the cervical range 
of motion (CROM) device and plumb-line 
techniques in measuring resting head posture 
(RHP). J Man Manip Ther. 2000;8(1):10-7. 

17. Hazar Z, Karabicak GO, Tiftikci U. Reliability of 
photographic posture analysis of adolescents. 
J Phys Ther Sci. 2015;27(10):3123-6. 

18. Ruivo RM, Pezarat-Correia P, Carita AI. 
Cervical and shoulder postural assessment of 
adolescents between 15 and 17 years old and 
association with upper quadrant pain. Braz J 
Phys Ther. 2014;18(4):364-71. 

19. Revel M, Andre-Deshays C, Minguet M. 
Cervicocephalic kinesthetic sensibility in 
patients with cervical pain. Arch Phys Med 
Rehabil. 1991;72(5):288-91. 

20. Lord SR, Clark RD, Webster IW. Postural 
stability and associated physiological factors 

in a population of aged persons. J Gerontol. 
1991;46(3):69-76. 

21. Lord SR, Menz HB, Tiedemann A. A 
physiological profile approach to falls risk 
assessment and prevention. Phys Ther. 
2003;83(3):237-52. 

22. De-la-Llave-Rincon AI, Fernandez-de-las-
Penas C, Palacios-Cena D, Cleland JA. 
Increased forward head posture and restricted 
cervical range of motion in patients with carpal 
tunnel syndrome. J Orthop Sports Phys Ther. 
2009;39(9):658-64. 

23. Manchester D, Woollacott M, Zederbauer-
Hylton N, Marin O. Visual, vestibular and 
somatosensory contributions to balance 
control in the older adult. J Gerontol. 1989; 
44(4):118-27. 

24. Kristjansson E, Treleaven J. Sensorimotor 
function and dizziness in neck pain: 
implications for assessment and management. 
J Orthop Sports Phys Ther. 2009;39(5):364-77. 

25. Dolan KJ, Green A. Lumbar spine reposition 
sense: the effect of a 'slouched' posture. Man 
Ther. 2006;11(3):202-7. 

26. Paulus I, Brumagne S. Altered interpretation of 
neck proprioceptive signals in persons with 
subclinical recurrent neck pain. J Rehabil Med. 
2008;40(6):426-32. 

27. Uremovic M, Cvijetic S, Pasic MB, Seric V, 
Vidrih B, Demarin V. Impairment of 
proprioception after whiplash injury. Coll 
Antropol. 2007;31(3):823-7. 

 


