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SUMMARY 
The purpose of this study was to investigate the interaction 
between movement kinematics and muscle activations of the 
cervicothoracic spine in people with chronic neck pain. 
Subjects were requested to perform an active neck movement 
in sitting. The results revealed a significant interaction 
between the cervical and thoracic spine, particularly the upper 
thoracic region in neck motion. Cross Correlation was used to 
offer a more comprehensive and precise movement analysis 
and muscle recruitment at these spinal regions. This evidence 
would provide the basis for rationalising the clinical 
evaluation of the thoracic spine (particularly the upper 
thoracic region) for patients presenting with chronic neck 
problem.  
 
INTRODUCTION 
Neck pain prevalence is so high that it was rated 2nd on the list 
of commonest conditions for primary care consultation [1]. 
Clinical evaluations of range of motion and muscle strength of 
the neck for people presenting with neck pain were reported to 
be insensitive in differentiating between symptomatic (non-
traumatic) and asymptomatic individuals [2]. In view of this 
knowledge gap, this study is therefore, intended to reveal the 
undiscovered facets of the movement performance by 
analysing the interaction of movement kinematics and muscle 
activation patterns between cervical and thoracic regions 
during active neck movement. 
 
METHODS 
Fifteen participants with chronic mechanical neck pain (10 
females and 5 males, age 35.9 ± 11.0) with non-traumatic and 
non-surgical origin, volunteered and written informed consent 
was obtained before participation. The procedure had been 
approved by the human ethics committee of Roehampton 
University, United Kingdom and The Hong Kong Polytechnic 
University.  
 
The kinematic data were recorded by an Electromagnetic 
Motion Tracking System, 3 SPACE Fastrak (Polhemus Inc., 
Colchester, TV) with a sampling frequency of 120Hz. Four 
motion sensors were secured over occiput, first, sixth and 
twelfth thoracic spines respectively for measuring the 
kinematics at craniocervical (CC), upper thoracic (UT) and 
lower thoracic (LT) kinematics respectively. Surface 
electromyographic (EMG) signals were captured by 
Electromyography System (EMG, Noraxon 9000) with a 
sampling frequency of 1000Hz and bandwidth of 10-500Hz. 

Bipolar Ag-AgCl surface electrodes were applied to five 
selected cervicothoracic muscles bilaterally, namely Upper 
Trapezius [UTR], Sternocleidomastoid [SCM], Cervical 
Erector Spinae [CES], Thoracic Erector Spinae at fourth 
thoracic spine [TES4] and at ninth thoracic spine [TES9]. 
Both kinematics and EMG data were collected simultaneously 
whilst the participants performed three cycles of active 
Flexion-Extension repeatedly at their natural pace in a 
standardized sitting position on a custom-designed chair with 
a neutral lumbopelvic spine secured by the pelvic harness. 
 
Motion data were processed with Butterworth filtering with a 
cutoff frequency of 1Hz. EMG signals were processed with 
Infinite-impulse-response filtering at 50Hz, 
electrocardiographic signals removal, full wave rectification 
and smoothing at 10Hz to produce a linear envelope. 
Coefficient of Multiple Correlations (CMC) was used to test 
the reliability of the data collected between the three repeated 
cycles of movement in a trial. Processed data of kinematics 
and EMG were then analysed with MATLAB programme 
with the sampling frequencies of kinematics and EMG signals 
unified to 1000Hz. Cross Correlation method was used to 
allow a comprehensive analysis of the potential interactions 
within kinematics and between the kinematics and EMG data 
at the cervicothoracic spine collected during the active 
movement task. 
 
RESULTS AND DISCUSSION 
The reliability of the cervicothoracic kinematic data collected 
were found to be very high (CMC > 0.95) for the three cycles 
of movements. Significant cross correlations between the 
movements at the CC region and the UT region were found (R 
= 0.94 ± 0.04) with an average of only 0.13s lag of the upper 
thoracic movement to the craniocervical movement during 
active flexion and extension task (Table 1a). Cross 
correlations between the CC and UT movements with EMG 
activities were found to be ranged between 0.24 and 0.42 
(Table 1b&c). 
 
Muscle recruitment pattern with reference to the 
corresponding kinematics was illustrated in Figure 1 with 5 
key phases identified and specified in boxes. A spike of SCM 
activity with an angular acceleration at Phase 1 (change of 
movement direction at which flexion started at the end of 
range of extension) followed by a co-contraction of SCM and 
CES occurring between Phase 2 & 3 as neck moved through 
the flexion range. Another train of SCM activation with higher 



amplitude at Phase 3 to 4 implies the SCM assisting the inner 
range of flexion followed by activation of CES for CC 
extension from end range of flexion with a great pick up of 
velocity of neck extension. The amplitude of CES activity 
dropped as approaching the end of extension with extension 
deceleration recorded simultaneously. Combinations of 
movement strategies as reported previously were noted across 
symptomatic subjects [3].    

 
 

Figure 1 shows a representative example of a) movements, b) 
velocity and c) acceleration between CC and UT spinal 
regions and d) EMG activities collected during the active self 
paced neck flexion-extension in sitting. Phases 1-5 (specified 
in boxes) and muscle activation patterns were explained in 
discussion session. 
 
CONCLUSIONS 
A strong and consistent interaction between cervical and upper 
thoracic spine was observed in regard to their kinematics and 
muscle recruitment. A regular pattern of muscular activation 
with concentric work of the agonist in initiating the change of 
movement direction immediately followed by a co-contraction 
of both the agonist (concentrically) and antagonist 
(eccentrically) was identified. These results provide useful 
information for rationalising the clinical evaluation of the 
thoracic spine, upper thoracic spine in particular. Further study 
to explore the kinematics and muscle recruitment in neck 
movements performed in other directions and to compare 
these parameters between symptomatic and asymptomatic 
persons will be conducted. 
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Table 1: Mean ± SD of the Cross Correlation Coefficients (lags in ms) of kinematics between CC region and a) UT or LT regions, 
b) EMG activities, and c) kinematics between UT region and EMG activities. Lags with ‘+’ sign indicates event occurred at the 
corresponding thoracic regions or EMG activities led that at the CC or UT spinal region.  

Cross Correlation between 
CC a&b or UT c  and 

Movement Velocity Acceleration 

and UT region (lags in ms) a 0.94±0.04 (-126.87±72.35) 0.87±0.07 (-25.13±123.68) 0.62±0.14 (165.47±310.18) 
and LT region (lags in ms) a 0.73±0.21 (-280.47±894.24) 0.65±0.20 (-594.80±1522.38) 0.46±0.11 (426.33±2105.88) 
LUTR b 0.24±0.09 (-3603.27±3564.19) 0.17±0.08 (416.00±37440.8) 0.14±0.05 (3202.47±5453.84) 
RUTR b 0.24±0.10 (-4919.80±4563.75) 0.17±0.09 (1669.00±4591.20) 0.16±0.07 (2937.07±4980.16) 
LCES b 0.42±0.12 (-1613.13±774.35) 0.39±0.08 (193.47±651.66) 0.38±0.07 (180.87±498.44) 
RCES b 0.42±0.11 (-1281.47±514.20) 0.41±0.10 (8.00±545.64) 0.40±0.08 (95.40±234.53) 
LSCM b 0.37±0.14 (-2880.07±3916.44) 0.37±0.15 (-261.73±2041.92) 0.33±0.14 (95.20±3146.65) 
RSCM b 0.37±0.12 (-2199.67±2909.85) 0.38±0.12 (-250.13±2418.17) 0.34±0.10 (-252.73±2219.78) 
LTES4 c 0.32±0.18 (-942.60±2014.28) 0.16±0.11 (979.67±3283.05) 0.15±0.06 (1230.67±2494.61) 
RTES4 c 0.35±0.10 (-1003.27±2066.22) 0.19±0.04 (852.07±2950.78) 0.13±0.04 (674.00±2358.38) 
LTES9 c 0.34±0.15 (-1700.67±3781.62) 0.19±0.10 (1427.73±2944.03) 0.12±0.04 (2255.20±2970.02) 
RTES9 c 0.34 ± 0.13 (-1754.67±3374.03) 0.20 ± 0.09 (579.73±1244.06) 0.12 ± 0.04 (1564.80±2376.33) 
 


