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SUMMARY 
Load carriage and gait termination may influence head and 
shoulder posture. It is unclear how the cervical spine and 
shoulder postures change in unplanned gait termination in 
children with a load carriage. The purposes of the study were 
to quantify the changes of cervical spine and shoulder postures 
in unplanned gait termination in children with a load carriage. 
Twelve boys (9.85 ± 1.34 years old) participated in the study. 
Two dimensional video filming was used to examine 
craniohorizontal angle, craniovertebral angle and sagittal 
shoulder posture angle at sagittal plane, and the anterior head 
alignment angle and the angle of shoulder posture at coronal 
plane during planned and unplanned gait termination when the 
subjects were carrying 0%, 10% and 15% of the body weight 
(BW) respectively. Results showed that compared with 0% 
BW loaded condition, significantly smaller craniohorizontal 
angle, and sagittal shoulder posture angle (p=0.03 and 
p=0.009, respectively) in planned gait termination and larger 
angle of shoulder posture in unplanned gait termination under 
15% BW were found. It is concluded that as carried load 
increased, a more forward head posture, a more rounded 
shoulder posture and an increased tilt of the head on the 
coronal plane occurred in unplanned gait termination. 

INTRODUCTION 
Studies have shown that sudden external interference and extra 
load may increase the possibility of falling. LeVeau et al. [1] 
reported that load carrying may influence the growth, 
development, and maintenance of the alignment of the human 
body. Changes in alignment of the neck bones can produce 
strain on cervical joints and soft tissue, as well as imbalanced 
muscle performance, causing pain in cervical, upper thoracic, 
and shoulder regions [2]. To date, published work in 
biomechanics of unplanned gait termination has been 
conducted only in adults and the elderly [3, 4]. How the 
cervical spine and shoulder postures change in unplanned gait 
termination with a load carriage in children remains unclear. 
The purposes of the current study are to quantify the changes of 
cervical spine and shoulder postures in unplanned gait 
termination with different load carriages in children. 

METHODS 
Twelve boys, aged 9–10, with an average of 140.9 cm body 
height and 35.0 kg body weight (BW), participated in the 
study. Each boy was asked to walk along an 8 m walkway at a 
comfortable speed (approximately 1.2–1.5 m/s) while carrying 
a backpack. Three different weights were utilized for the 
backpacks:  0%, 10%, or 15% of the body weight of the 

participant. In the unplanned gait termination trials, the 
participants were asked to stop walking immediately when one 
of ten lights located within their vision field came on. In 
contrast, in the planned gait termination trials, the participants 
were asked to stop walking when they reached a stop sign. 
Two cameras (JVC 9800 Inc., Japan) with 50 Hz filming rate 
and 1/250 s shutter speed were placed 10 m away from the 
walking path to record the locomotion at the sagittal and 
coronal planes. Reflective markers were placed on seven 
anatomical landmarks of the body (i.e., the left external 
canthus, left tragus, inferior margins of both ears, acromion 
process of both shoulder, and spinous process of C7) to 
facilitate digitization. Five walking trials of each walking 
condition were filmed. The recorded videos were digitized on 
a motion analysis system (APAS, USA) using a defined 
human body model in order to examine the craniohorizontal 
angle [5–7], craniovertebral angle, [5–8] and sagittal shoulder 
posture angle [5-7] at the sagittal plane and the anterior head 
alignment angle [5–7] at the coronal plane. The definitions of 
these angles are as follows: 1) the craniohorizontal angle is 
formed by the horizontal line and the line joining the tragus of 
the ear and the external canthus of the eye; 2) the 
craniovertebral angle is formed by the horizontal line and the 
line joining the spinous process of C7 and the tragus of the 
ear; 3) the sagittal shoulder posture angle is formed by the 
horizontal line and the line joining the C7 and the acromion 
process—this angle provides a measurement of the forward 
shoulder position on the sagittal plane; 4) the anterior head 
alignment angle is formed by the horizontal line and the line 
joining the inferior margins of both ears—this angle describes 
the tilt of the head in the coronal plane; and 5) the angle of 
shoulder posture is formed by the horizontal line and the line 
joining the acromion process of both shoulders. This angle 
indicates the elevation of the shoulder in the coronal plane. All 
definitions refer to the acute angles. Repeated ANOVA (2 gait 
termination conditions × 3 loads) measurement was used to 
examine if there were any significant differences in the 
measurements between planned and unplanned gait 
terminations with different load carrying conditions. Statistical 
significance was set at p<0.05. 

RESULTS AND DISCUSSION 
 The mean values of the craniohorizontal, craniovertebral, and 
sagittal shoulder posture angles were reduced as carried load 
increased under both planned and unplanned gait termination. 
Significant differences in craniohorizontal angle and sagittal 
shoulder posture were found among different loads (p=0.000 
and p=0.010, respectively) between unplanned and planned 



gait termination. In addition, in planned gait termination, the 
craniohorizontal and sagittal shoulder posture angles were 
significantly smaller with 15%BW than with 0%BW (p=0.03 
and p=0.009, respectively) (Table 1). Both planned and 
unplanned gait termination showed significantly larger angle 
of shoulder posture under 15% BW in comparison with that 
under 0% BW loaded condition (Fig. 1). 

The craniohorizontal angle (a parameter of head on the upper 
cervical spine position), the craniovertebral angle (a parameter 
of neck on upper trunk position), and the sagittal shoulder 
posture angle (a measurement of forward shoulder posture) 
were used to indicate the posture of head, cervix, and shoulder 
on the sagittal plane [6, 7]. Usually smaller craniohorizontal 
and craniovertebral angles mean a more-forward head and 
cervical posture, and a smaller shoulder posture angle 
indicates the shoulder is further forward in relation to C7 (i.e., 
a more-rounded shoulder) [6]. In the current study, significant 
changes of the craniohorizontal and sagittal shoulder posture 
angles were found during gait termination, which means a 
more-forward head posture and more-rounded shoulder. No 
significant change of the craniovertebral angle was found in 
all test conditions. According to Chansirinukor et al. [7], a 
decrease of the craniovertebral angle and an increase of 
sagittal shoulder posture angle while carrying 15%BW 
backpack over both shoulders can be found in static condition. 
Grimmer also found a significant change in craniovertebral 
angle while carrying a backpack in standing posture [9]. 
Results of the craniohorizontal, craniovertebral, and saggittal 
shoulder posture angles in the current study are different from 
that reported by Chansirinukor et al. and by Grimmer. The 
possible reason leading to the difference may be the 
differences of the test condition. In the above-mentioned 
studies, the posture angles were measured in standing posture. 
In the current study, all parameters were measured during gait 
termination when the subjects were adjusting their posture to 
adapt a new condition. In addition, the mean age of the 13 
participants (6 female and 7 male) in the study of 
Chansirinukor was 14.8 years old, older than the subjects in 
this study. The differences in subjects’ age might influence the 
research findings.  

The change of the anterior head alignment angle and the angle 
of shoulder posture on coronal plane might be due to the 
characteristics of the gait termination movements. During this 
movement, the breaking and trailing limbs do not stop 
simultaneously, which may cause a lateral tilt of the spine and 
the head. Because this study only examined the anterior head 
alignment angle and angle of shoulder posture, and did not 
examine the movements of the trunk and limbs, whether this 
change was caused by the movements of other segments of the 
body remains unclear. 

CONCLUSIONS 
The cervical and shoulder postures in both sagittal and coronal 
planes changed during unplanned gait termination with 
different load carriages. As the load carried increased, a more-
forward head posture, a more-rounded shoulder posture, and 
an increased tilt of the head on the coronal plane occurred in 
unplanned gait termination. 
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Table 1: Angles of cervical and shoulder posture at different 
gait termination conditions and different loads (Mean ± SD) 

GT 
Conditions 

Variables 
(degrees) 

Backpack load  

0%BW 10%BW 15%BW 

Planned 
GT 

Craniohorizontal 
angle  

24.30 
(4.67) 

21.76 
(5.85) 

19.18 
(5.93)* 

 

Craniovertebral 
angle 

44.51 
(4.97) 

41.65 
(9.39) 

42.26 
(6.43) 

Sagittal shoulder 
posture Angle 

39.52 
(6.36) 

39.56 
(9.19) 

31.69 
(4.01)**§ 

Anterior head 
alignment angle 

2.01 
(1.84) 

2.29 
(1.68) 

2.39 
(1.85) 

Unplanned 
GT 

Craniohorizontal 
angle  

21.58 
(5.59)# 

21.76 
(5.85) 

18.21 
(4.28) 

 

Craniovertebral 
angle 

41.45 
(4.38) 

41.89 
(6.62) 

41.45 
(6.70) 

Sagittal shoulder 
posture angle 

37.55 
(6.40) 

35.63 
(2.03) 

33.58 
(3.72)* 

Anterior head 
alignment angle 

2.31 
(1.56) 

2.43 
(1.85) 

2.83 
(1.77) 

GT, Gait termination; *, p<0.05, vs. 0% BW; ** p<0.01, vs. 
0%BW; §, p<0.01, 15%BW vs. 10%BW; #, p<0.01, 
Unplanned GT vs. planned GT 
 

 

Figure 1: Angle of shoulder posture change in planned and 
unplanned gait termination under three loaded conditions 
(values are mean±SD). *, p<0.05. 


