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Abstract:  This study examined the changes in pressure pain in the upper trapezius muscle, cervi-
cal range of motion, and cervical flexion–relaxation ratio after overhead work. 14 workers were 
recruited. Pressure pain in the upper trapezius muscle, active cervical range of motion, and cervical 
flexion–relaxation ratio were measured in all subjects once before and once after overhead work. 
The pressure-pain threshold of the left upper trapezius muscle was 8.6 ± 2.5 lb before overhead 
work and 7.3 ± 2.4 lb after overhead work; that of the right upper trapezius muscle was 8.8 ± 2.9 
and 7.3 ± 2.8 lb, respectively, revealing a significant decrease in pressure-pain threshold with over-
head work. All cervical range of motion measures decreased significantly with overhead work. The 
cervical flexion–relaxation ratio on the left side was 1.3 ± 0.2 before overhead work and 1.1 ± 0.2 
after overhead work; the respective values for the right side were 1.4 ± 0.5 and 1.2 ± 0.3 before and 
after overhead work, revealing a significant decrease with overhead work. We postulate that over-
head work can reduce the pressure-pain threshold in the upper trapezius muscle and cause changes 
in the cervical range of motion and cervical flexion–relaxation ratio.

Key words: Cervical FRR, CROM, Overhead work, Pressure pain, Shoulder pain

Introduction

A common concern in the modern workplace is upper 
extremity disorders arising from overhead work1), which is 
associated with neck and shoulder disorders and pain1–3). 
Long-term overhead working postures result in strain and 
fatigue in the shoulder muscles4) because arm elevation 
is associated with shoulder muscular fatigue5). The rela-
tionship between upward rotation of the scapula and arm 

flexion is a kinesiological chain, so previous studies have 
examined the associated neck and shoulder muscle activity 
and pain in overhead work3).

Shoulder and neck pain are widespread problems6–11). 
Although it is difficult to identify a clear reason for neck 
pain and impairment, it can contribute to poor patient 
prognosis. There are many methods for evaluating the 
cervical region, including evaluating posture, cervical 
range of motion (CROM), and neck muscle power. Pain 
questionnaires used to assess subjective neck pain include 
the Neck Disability Index (NDI)12, 13) and Neck Pain 
and Disability Scale (NPDS)14). Pressure algometers are 
used widely in research and clinical medicine to measure 
the pressure-pain threshold (PPT) objectively15–17). The 
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PPT is defined as the minimum amount of pressure that 
causes pain18). Pressure algometers have also been used 
to assess the effect of remedies for myofascial pain and 
to study changes in the PPT of root pain, headache, reflex 
sympathetic dystrophy, and pregnant or post-pregnant 
woman19–24). The PPT is a reliable measure that can be 
measured for individual muscles25).

Goniometer-based systems for evaluating the CROM 
can reliably measure uniplanar cervical spine move-
ment26). The Spin T is a three-dimensional goniometer 
with demonstrated accuracy and reliability for measuring 
cervical spine mobility27). The active cervical range of 
motion, which has frequently been used to discriminate 
between individuals with pain and those who are asymp-
tomatic, and assessments of ROM are reported to be two 
of the best estimators of cervical disability28).

Cervical flexion–relaxation phenomenon is a quantita-
tive neck-pain assessment tool. It has been suggested that 
silence, i.e., the absence of cervical or thoracolumbar para-
spinal muscle activity, differs between healthy individuals 
and those with neck pain29, 30). The cervical flexion–re-
laxation ratio (FRR) is significantly lower in patients with 
neck pain than in controls and may be a useful marker 
of altered neuromuscular control in patients with neck 
pain31). Murphy et al. suggested that the cervical FRR be 
measured as a functional assessment of patients with neck 
pain as a means to evaluate neck disease and the effects 
of treatment by quantifying the damage and disability31). 
By dividing the neck movement in the sagittal plane into 
three specific phases, (1) flexion, (2) relaxation, and (3) 
re-extension, the cervical flexion–relaxation ratio can be 
calculated by dividing the maximum muscle activation 
during the re-extension phase by the activation during the 
relaxation phase31).

Few studies have objectively quantified the changes in 
neck and shoulder pain during overhead work. Therefore, 
this study examined the changes in pressure pain in the up-
per trapezius muscle, CROM, and the cervical FRR after 
10 min of overhead work.

Methods

Subjects
Fourteen young workers (eight males, six females), 

aged 21–32 yr, with a mean height of 168.7 ± 6.9 cm and 
weight of 61.5 ± 9.7 kg, participated in this study (Table 
1). All of the subjects were healthy and had been free of 
any neck and back pain for a minimum of 1 yr before the 
study; they had no upper limb or cervical spine patholo-

gies and no rheumatological or neurological conditions. 
All subjects were right-hand dominant. None complained 
of subjective discomfort or pain. The subjects were not 
accustomed to overhead work. This study was approved 
by the Inje University Faculty of Health Sciences Human 
Ethics Committee. The subjects provided informed con-
sent before participating.

Instrumentation
Baseline® Dolorimeter

A dolorimeter (Fabrication Enterprises, White Plains, 
NY, USA) pressure algometer was used to measure pres-
sure pain. The dolorimeter consists of a metal probe that 
can measure pressures up to 20 lb in 0.25-lb increments. A 
1-cm2 rubber plate delivers pressure from the probe to the 
body, and the pressure is read from a needle gauge.

Cervical range of motion instrument
Each participant was assessed using a cervical range of 

motion instrument (Performance Attainment Associates, 
St. Paul, MN, USA) that attaches to the subject’s head and 
contains two gravity goniometers and one compass goni-
ometer. The sagittal- and frontal-plane gravity goniometers 
measure flexion–extension and lateral flexion, respec-
tively, and the compass goniometer measures rotation. The 
CROM was measured before and after overhead work. 
Each participant was seated in a standard folding chair and 
fitted with the CROM device. Before the measurements, 
the participants were asked to self-correct their posture by 
demonstrating the most erect posture they could achieve. 
Then, the subjects were asked to place the CROM device 
on the head like a pair of glasses, and measurements of 
cervical flexion, cervical extension, right and left lateral 
flexion, and right and left rotation were recorded in ran-
domized order.

EMG
After abrading the skin carefully and cleaning it with an 

isopropyl alcohol swab, pairs of Ag/AgCl electrodes (3 M 
red Dot) were applied to the right and left cervical exten-
sor muscles, aligned parallel to the direction of the muscle 

Table1.   Subjects demographic information

Variable Description

Gender 8 males, 6 females
Age 26.3 (± 3.2) yr
Height 168.7 (± 6.9) cm 
Mass 61.5 (± 9.7) kg
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fibers, with a center-to-center distance of 2 cm. The 
electrode pairs were placed over the muscle belly at the 
C4 level approximately 2 cm from the spinous process31). 
The subjects were required to sit erect in a straight-backed 
chair with lumbar and mid-thoracic support, but with no 
support for the upper thoracic and cervical regions. The 
electromyography (EMG) signals were pre-amplified by a 
preamplifier placed close to the electrodes, and the signals 
were sent to the data-acquisition unit of an MP150 system 
(BIOPAC Systems, Santa Barbara, CA, USA), which 
amplified and sampled the EMG inputs at 1,000 Hz. The 
EMG signals were band-stop filtered at 60 Hz, and the root 
mean square (rms) values were calculated. The EMG data 
were analyzed using a program created with AcqKnowl-
edge (ver. 3.9.1) and are expressed as the mean percentage 
reference voluntary contraction (RVC).

Procedures
The pressure-pain threshold of the upper trapezius mus-

cle, active CROM, and cervical FRR were measured in all 
subjects once before and once after overhead work. Before 
making the measurement with the pressure algometer, we 
instructed subjects to say ‘ah!’ when they started to feel 

pain. Then, we applied pressure with the dolorimeter at a 
right angle to the body to measure the PPT in the upper 
trapezius muscle. This is the portion of the upper trape-
zius, which is a common site of pain in overhead workers.

We made the measurement over the belly of the muscle 
between the midline and acromion moving from right to 
left. The subject was in a natural sitting posture during 
the procedure, and we marked the measurement sites 
with a pen. This is for testing reliability. To avoid bias, 
the subject was not told the measured values during the 
procedure. The CROM was measured in a natural sitting 
posture before and after overhead work. The subjects were 
asked to lower their heads slowly with the goal of approxi-
mating the chin to the upper chest (manubrium) and then 
to maintain this position until asked to return to the neutral 
position. During the measurement, the trunk was fixed in 
an initial posture ensured by the therapist, and each sub-
ject was asked to move the head until muscle tightness or 
pain occurred. Three phases of movement were measured: 
flexion, relaxation, and re-extension. The duration of each 
movement phase was 5 s (Fig. 1). The EMG signal was 
collected for 3 s, excluding the first and last seconds. An 
audio signal was used to indicate each movement phase. 

Fig. 1.   Three phases of movement were measured: flexion, relaxation, and re-extension.
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Sufficient practice was allowed before data collection to 
familiarize each subject with the movement phases and 
speeds. One trial was performed at each testing session. 
The cervical flexion–relaxation ratio was calculated by 
dividing the maximal muscle activation during the 3-s re-
extension phase by the average activation during the 3-s 
relaxation phase. All subjects performed overhead work 
for 10 min using the same workstation, and we required 
that their arms be overhead for the entire 10 min. The 
overhead work was performed at a height of 25 cm above 
the head of each subject. The overhead work was a bolt 
and nut assembly work. They required to keep their arms 
up overhead the entire 10 min. During data collection, 
the participants were barefoot, with their feet positioned 
20 cm apart.

Data analysis
The SPSS statistical package (ver. 18.0, SPSS, Chicago, 

IL, USA) was used to analyze the differences in the PPT 
of the upper trapezius muscle, active CROM, and cervical 
FRR between before and after overhead work using the 
paired t-test; significance was defined as p<0.05.

Result

The PPT of the left and right trapezius muscles de-
creased significantly with overhead work (p<0.05) (Table 
2). The CROM for all measures decreased significantly 
with overhead work (p<0.05) (Table 3). The cervical FRR 
on the left and right sides decreased significantly with 
overhead work (p<0.05) (Table 4).

Discussion

This study examined changes in pressure pain in the up-
per trapezius muscle, CROM, and the cervical FRR with 
overhead work. The PPT of the left upper trapezius muscle 
was 8.6 ± 2.5 lb before overhead work and 7.3 ± 2.4 lb af-
ter overhead work; that of the right upper trapezius muscle 
was 8.8 ± 2.9 and 7.3 ± 2.8 lb, respectively, revealing a 
significant decrease in PPT with overhead work. Horikawa 
reported that the hardness of the upper trapezius was in-
creased during 15 min of computer work from 91.4 ± 10.1 
kPa/cm before the work, to 102.1 ± 13.5 (kPa/cm) after the 
work. When increased muscle hardness is sustained, it can 
cause muscle stiffness, dullness, and occasionally muscle 
pain32). Industrial workers with risk factors for neck and 

Table 2.   The mean values of the pressure pain of upper trapezius muscles

Pressure pain
mean ± SD (Lb)

t-value p
before overhead work after overhead work

Left upper trapezius 8.6 ± 2.5 7.3 ± 2.4 4.99 0.000
Right upper trapezius 8.8 ± 2.9 7.3 ± 2.8 4.96 0.000

Table 3.   The mean values of the cervical range of motion

Cervical range of motion
mean ± SD (°)

t-value p
before overhead work after overhead work

Flexion 58.7 ± 7.5 51.9 ± 10.9 3.51 0.004
Extension 76.1 ± 15.4 71.3 ± 16.1 3.88 0.002
Right lateral flexion 42.6 ± 8.3 37.7 ± 7.3 5.84 0.000
Left lateral flexion 46.3 ± 8.9 41.9 ± 7.3 3.72 0.003
Right rotation 67.1 ± 7.5 59.9 ± 8.2 3.92 0.002
Left rotation 65.3 ± 11.5 59.4 ± 11.2 3.79 0.002

Table 4.   The mean values of the cervical flexion-relaxation ratio

Cervical FRR (%RVC)
mean ± SD (%)

t-value p
before overhead work after overhead work

Left Cervical FRR 1.3 ± 0.2 1.1 ± 0.2 3.42 0.005
Right Cervical FRR 1.4 ± 0.5 1.2 ± 0.3 2.22 0.045
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shoulder pain have a low PPT33). The pain and fatigue are 
caused by reduced metabolism such as a reduction in so-
dium–potassium pump activity and adenosine diphosphate 
(ADP) levels in muscle tissue34). This shows that, short-
term overhead work, subjects increase pressure pain in 
the upper trapezius muscle. Perhaps workers elevate their 
arms increasing upper trapezius muscle activity. We found 
that a short period of overhead work (10 min) was suf-
ficient to lower the pain threshold.

We found that all CROM measures decreased signifi-
cantly with overhead work (p<0.05). Yoo and An reported 
that the active CROM decreased after video display ter-
minal work35). Shortening of scalenus muscles can cause 
limited range of motion in neck extension and shortening 
of levator scapular muscle can cause limited range of 
motion of neck flexion35). Ariens et al. reported that neck 
pain was correlated with the CROM36). We found that the 
CROM decreased rapidly with even a short period of over-
head work. Perhaps overhead work increase tension and 
tightness around neck and shoulders muscles. The CROM 
is a useful measure of the severity of neck symptoms37). It 
can be measured clinically and reliably with a cervical go-
niometer38). The CROM is considered the most sensitive 
measure of the risk of neck pain.

The cervical FRR on the left side was 1.3 ± 0.2 before 
and 1.1 ± 0.2 after overhead work; the respective values 
for the right side were 1.4 ± 0.5 and 1.2 ± 0.3, revealing 
a significant decrease with overhead work. According to 
Murphy et al., the cervical FRR distinguishes patients with 
and without pain. The mean value of the right-side FRR 
of patients with neck pain was 2.20, and that for the left 
side was 1.65. Four weeks later, the FRR was reduced to 
1.85 and 1.61 for the right and left sides, respectively. The 
cervical FRR had relatively lower values in the symptom-
atic population than in the controls31). The cervical FRR, 
which is expressed as a numerical value, is a sensitive 
marker for measuring neuromuscular changes associated 
with even mild discomfort. Lee et al. suggested that there 
is correlation between the CROM and cervical FRR. 
They also reported that there was significant reduction in 
the CROM and cervical FRR as the weight of a bag was 
increased. The CROM and cervical FRR identified indi-
viduals with muscle dysfunction39). With overhead work, 
workers elevate their arms, increasing cervical tension and 
muscle fatigue and placing abnormal load on muscles and 
ligaments. Ultimately, the reduction in the range of motion 
and neuro-myological changes in the neck reduce the cer-
vical FRR. We showed that overhead work was a high risk 
work leading to the musculoskeletal disorder. Therefore, 

rest period must be in addition to regularly scheduled dur-
ing overhead work. Also, overhead workers must be pro-
vided the modified job conditions or ergonomic devices.

One limitation of this study was the small number of 
subjects. Additionally, we were unable to assess a pain, 
discomfort rating and muscle fatigue other than pressure 
pain. Moreover, the subjects were not used to overhead 
work, and the cervical FRR values in the subjects were 
lower than those typically found in asymptomatic people. 
Further study must include subjects who are used to 
overhead work, and a pain, discomfort rating and muscle 
fatigue other than pressure pain must also be studied.

This study is important because it measured the change 
in neck pain caused by overhead work and expressed this 
quantitatively in terms of the CROM and cervical FRR. 
We suggest that the pressure-pain threshold, CROM, and 
cervical FRR be used to evaluate the potential risk for 
neck discomfort.

Conclusion

We postulate that 10 min of overhead work can lead to 
pressure pain in the upper trapezius muscle and changes in 
the active cervical range of motion and cervical flexion–
relaxation ratio. These changes could be used to evaluate 
the potential risk for neck discomfort in overhead workers.
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