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Abstract Objectives: Reduced pressure pain thresholds
(PPTs) have been reported in occupational groups with
symptoms of upper extremity musculoskeletal disorders
(UEMSDs). The purpose of this study was to determine
whether automobile manufacturing workers (n=460)
with signs and symptoms of UEMSDs had reduced
PPTs (greater sensitivity to pain through pressure ap-
plied to the skin) when compared with unaffected
members of the cohort, which served as the reference
group. The association of PPTs with symptom severity
and localization of PE findings was investigated, as was
the hypothesis that reduced thresholds would be found
on the affected side in those with unilateral physical
examination (PE) findings. Methods: PPTs were mea-
sured during the workday at 12 upper extremity sites. A
PE for signs of UEMSDs and symptom questionnaire
was administered. After comparison of potential cova-
riates using t tests, linear regression multivariable mod-
els were constructed with the average of 12 sites
(avgPPT) as the outcome. Results: Subjects with PE
findings and/or symptoms had a statistically significant
lower avgPPT than non-cases. AvgPPT was reduced in

those with more widespread PE findings and in those
with greater symptom severity (test for trend, P £ 0.05).
No difference between side-specific avgPPT was found in
those with unilateral PE findings. Reduced PPTs were
associated with female gender, increasing age, and grip
strength below the gender-adjusted mean. After adjust-
ing for the above confounders, avgPPT was associated
with muscle/tendon PE findings and symptom severity in
multivariable models. Conclusions: PPTs were associated
with signs and symptoms of UEMSDs, after adjusting
for gender, age and grip strength. The utility of this
noninvasive testing modality should be assessed on the
basis of prospective large cohort studies to determine if
low PPTs are predictive of UEMSDs in asymptomatic
individuals or of progression and spread of UEMSDs
from localized to more diffuse disorders.

Keywords Occupational diseases Æ Musculoskeletal
disorders Æ Algometry Æ Quantitative sensory testing

Introduction

Clinical evaluation of upper extremity musculoskeletal
disorders (UEMSDs), particularly those thought to in-
volve the muscles or tendon complexes, typically in-
volves physical examination (PE) techniques that are
highly dependent on the judgment of the examiner.
These techniques are not easily quantifiable (Buchbinder
1992; Viikari-Juntura 1999; Sluiter et al. 2000; Punnett
and Gold 2003). This subjectivity and imprecision are of
concern because such UEMSDs represent a high pro-
portion of morbidity in the workplace (Fahs et al. 2000;
Gerr et al. 2002; Silverstein et al. 2003).

Pressure pain threshold (PPT) testing is a psycho-
physical modality for examining the sensitivity of tissue.
It allows quantification of the pressure applied to a
subject’s skin, at which a benign sensation becomes one
of pain. Reduced PPTs have been seen in the occupa-
tional setting in fish and poultry workers (Madeleine
et al. 2003), bank cashiers (Takala et al. 1991), medical
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secretaries (Hägg and Åström 1997) with shoulder and
neck complaints, and assembly line workers with fore-
arm or hand symptoms (Takala et al. 1992; Byström
et al. 1995). The physiological mechanism of PPT
changes is unclear, but may reflect nerve (Hall and
Quintner 1996; Hong and Simons 1998) or muscle
(Fricton 1990; Han and Harrison 1997) dysfunction.

Both intra- and inter-rater reliability for PPTs have
been shown to be high, ranging from 0.68 to 0.92
(Takala 1990; Antonaci et al. 1998; Nussbaum and
Downes 1998). Although dependent on the judgment
of the examined subjects, within-subject variability in
the short term (up to 1 week) is low (Kosek et al.
1993; Nussbaum and Downes 1998). Thus, even
though subjective (like all quantitative sensory testing),
PPTs could have potential as a reliable and sensitive
means of detecting UEMSDs.

The objective of this study was to determine if the
average pain pressure threshold was lower in auto-
mobile manufacturing workers with signs and symp-
toms of UEMSDs when compared with workers free
of such symptoms and signs. Three specific hypotheses
were tested: (1) those with PE findings on one side
only have lower PPTs on the affected side than on the
unaffected side; (2) those with proximal or distal
findings exclusively have lower PPTs in the affected
region; and (3) those with more widespread PE find-
ings have a lower overall PPT than those with more
localized PE findings.

Methods

Study subjects consisted of the 6-year follow-up popu-
lation (n=519) of automobile manufacturing workers in
one engine plant and one stamping plant, originally
described by Punnett (1998). This cohort was 87.1%
male, with a mean age of 50.2 (±6.7) years, and mean
seniority of 26.5 (±5.8) years. The study protocol was
approved by the Institutional Review Board of the
University of Massachusetts Lowell and by the joint
company-union health and safety program. All subjects
gave their informed consent prior to their inclusion in
the study.

PPTs were measured at the trapezius, rhomboid, teres
major, deltoid, wrist flexors and wrist extensors on both
the left and right sides (location definitions in Appen-
dix), using a force gauge with a 1-cm2 rubber tip (FDN
100, Wagner Instruments, Greenwich, CT, USA). The
rate of pressure application was approximately 98 kPa/s.
The PPT test was given during the workday, approxi-
mately 15–20 min after the subject left his or her
workstation. The subject was instructed to tell the
examiner when a sensation of pressure became painful.

The series of PPT measurements included one taken
on the upper thigh at the beginning and then again at the
end, as reference values. The protocol specified that if
the thigh PPTs differed by more than ±10% between
the two trials then a second set of PPTs should be

carried out. However, this condition did not occur in
any subject, so only one set of PPTs was taken. No
participants had any scars or deformities that were
judged to interfere with test results.

During the same encounter, a PE determined the
presence of muscle/tendon, joint or nerve findings in
four upper extremity (UE) sites: neck, shoulder/upper
arm, elbow/forearm, or hand/wrist (Punnett 1998).
Power grip strength was also measured.

In addition, subjects were administered a question-
naire regarding symptoms during the past year in each
of the four UE sites. Specifically, subjects were asked,
‘‘During the past 12 months, have you had pain, aching,
stiffness, burning, numbness, or tingling (‘pins and nee-
dles’)—in the anatomical site... that occurred more than
three times or lasted more than 1 week?’’ Those who
answered affirmatively were asked additional questions
regarding pain severity, hand/arm numbness frequency,
and functional impairment for each symptom site. A
pain severity index was constructed as the sum of re-
sponses on a visual analog scale to three questions
regarding current, previous week, and worst pain during
the previous year (index range: 0–30). Functional
impairment was the sum of responses to a series of ten
questions on task difficulty (from 1—no difficulty at all
to 5—cannot do without help) based on the hand/wrist
functional status items of Levine et al. (1993) (index
range: 0–50). The UE site with maximum pain severity
index, functional impairment score or hand/arm
numbness frequency was used in each respective analy-
sis. Those with no symptoms were assigned a score of
zero for each metric.

Data analysis

The pressure required to elicit pain at the 12 afore-
mentioned UE sites was averaged (avgPPT). The mean
of the left and right wrist flexor and extensor PPTs
(distal avgPPT) were used in analyses of signs and
symptoms of distal UEMSDs, while averages of the
remaining sites (proximal avgPPT) were used in the
analyses of proximal disorders. In side-specific analyses,
the average of the six PPTs of each respective side (left
avgPPT and right avgPPT) were employed.

AvgPPT was compared between subgroups defined
by a number of potential covariates and indicators of
UEMSD morbidity, using t tests for unequal variance.
The UEMSD indicators were any UE symptoms during
the past year; any PE muscle/tendon findings; and
symptoms with muscle/tendon PE findings at the same
site. Both symptoms and PE findings were partitioned
into proximal (neck, shoulder/upper arm) and distal
(elbow/forearm, wrist/hand) regions. Other analyses
used side-specific symptoms and/or PE findings in
conjunction with side-specific PPTs. Noncases (those
with no reported symptoms and no PE findings) served
as the reference group for all analyses. An extension of
the Wilcoxon rank-sum test (Cuzik 1985) was used to
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test for trend in examining avgPPT with ordinal vari-
ables, such as the number of PE sites with findings
(possible range 0–4). Statistical significance was defined
as P £ 0.05.

Linear regression models of avgPPT focused on
estimating associations with UEMSD indicators and on
identifying potential confounders. Age and gender were
retained in all models. The criterion for other covariate
inclusion was P £ 0.05 or a change of 10% or greater in
the remaining variables. Two-factor interaction terms
were included in the model to assess effect modification
between the UEMSD indicators and other covariates.
No significant effect modifiers were found. SAS 8.2 (SAS
Institute Inc., Cary, NC, USA) and Stata 6.0 (Stata
Corporation, College Station, TX, USA) software
packages were used in statistical analysis.

Results

Subjects were removed from the study cohort for the
following reasons: complaints of pain during the PPT
exam before the instrument indicated that any pressure
had been applied (n=38), refusal to participate in the
test (n=4), severe obesity (n=1), unreliable PE in the
examiner’s judgment (n=10), or examiner data errors
(n=6). Hence, PPT measurements were available for 460
subjects. Mean age and seniority for these subjects were
similar to that of the cohort as a whole at 6-year follow-
up, while the percentage of males was slightly higher at
87%.

The 12 PPT values were highly correlated, with
pairwise Spearman rank correlation (SRC) coefficients
ranging from 70% to 97%. On average, PPTs did not
differ by side. Women had a significantly lower thresh-
old than men, and thresholds decreased with age (Ta-
ble 1). Those with systemic disease and those with grip
strength less than the gender-specific mean also had
lower avgPPTs. There was no difference in avgPPT with
regard to previous UE injury, regular outside activity,
cigarette smoking, alcohol use, or ethnicity. All associ-
ations observed in the cohort as a whole, except systemic
disease, also held with nonsymptomatic subjects
(n=201).

PPTs and musculoskeletal morbidity

Those with any UEMSD symptoms had a lower avgPPT
than noncases, as did those with any PE findings (Ta-
ble 2). The majority of PE findings (96%) indicated
muscle/tendon problems. These subjects had a lower
average PPT than noncases. Side-specific PPTs were
similar in magnitude to the avgPPT value for these three
UEMSD indicators (data not shown). Those few (n=10)
with PE findings other than muscle/tendon (i.e., joint,
nerve, or nonspecific findings only) had avgPPTs similar
in magnitude to those with muscle/tendon findings.

Those with both symptoms and PE findings in the same
site had a somewhat smaller avgPPT.

Among those with any UE symptoms, avgPPT de-
creased with index of pain severity, with functional
impairment index and with presence of hand/arm
numbness (Table 3). All three of these indicators were
highly correlated with each other: functional impairment
and pain severity indices (SRC=0.95); pain severity in-
dex and hand/arm numbness (SRC=0.69); and hand/
arm numbness and functional impairment index
(SRC=0.75). All of those with symptoms of hand/arm
numbness also had muscle/tendon PE findings.

Contrary to our predictions, subjects with PE
findings on only one side did not display a lower aver-
age PPT on the affected side. In those with findings

Table 1 Mean (SD) avgPPT (kPa) in entire cohort and in non-
cases in automotive engine plant and stamping plant workers,
Detroit, MI, USA, 1998

Entire cohart Non-cases

n mean SD n mean SD

All 460 530 137 201 579 108

Gender*
Male 399 549 118 184 588 98
Female 59 363 127 17 432 118

Side
Left 460 530 137 201 579 108
Right 460 530 137 201 579 108

Age**
20–39 106 549 137 52 588 127
40–49 252 530 137 113 588 108
‡ 50 100 490 137 36 559 108

Previous upper extremity injury
Yes 145 530 137 54 588 118
No 313 530 137 147 579 108

Systemic disease*
Yes 107 500 147 37 569 118
No 350 539 137 163 579 108

Regular outside activity
Yes 281 520 137 112 569 118
No 175 530 137 88 598 98

Cigarette smoking
Current 179 510 137 78 569 108
Former 131 530 127 51 588 108
Never 147 549 137 72 579 108

Alcohol use
Current 248 530 137 113 579 108
Former 78 510 127 32 569 118
Never 129 530 147 55 588 118

Ethnicity
Black 190 520 147 94 569 127
White/non-Hispanic 145 520 127 49 559 98

Right grip strength (lb), (gender-adjusted)*
< mean (54:m, 30:f) 220 490 147 85 539 127
‡ mean (54:m, 30:f) 238 569 118 116 608 88

avgPPT average of all 12 sites examined (see Appendix for site
descriptions)
*P £ 0.05, t test; **P £ 0.05, Wilcoxon rank sum test extension
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exclusively on the left side (n=77), or on the right side
(n=39), both left avgPPT and right avgPPT were
520±127 kPa. Results were similar in the subset of
subjects with both PE findings and symptoms confined
to one side only (n=63: left; n=34: right).

In noncases, the distal avgPPT was lower than the
proximal avgPPT (510±127 vs 618±108 kPa). Those
with only proximal PE findings (i.e., exclusive of any
distal PE findings) (n=80) had a 10% reduction in both
proximal avgPPT and distal avgPPT, when compared
with the corresponding values in noncases (Table 4).
However, in those with distal PE findings exclusively
(n=68), the reduction was proportionally twice as large
in distal avgPPT than in proximal avgPPT. Results were
similar in the subjects with PE findings and symptoms
confined either proximally or distally (n=69: proximal;
n=64: distal).

A decrease in avgPPT was apparent with increasing
number of sites with PE findings (Wilcoxon rank sum
test extension, P £ 0.01). AvgPPT was approximately
40% less in those with four affected sites than in those
with no PE findings (Fig.1).

Linear regression models

Three multivariable regression models were constructed
using the three UEMSD indicators mentioned above:
any UE symptoms, any PE muscle/tendon findings, and
symptoms with PE findings in the same site (Models 1–3,
Table 5). AvgPPT was associated with each of these
indicators after adjusting for grip strength, pain severity,
age, and gender. The coefficient for age {typical value:
�1.5 (95%CI: �3 to 0)} was almost identical in all of the
models examined. Grip strength was positively associ-
ated with avgPPT, while a negative association was
found with pain severity across each of the models.

Because they were so highly correlated (SRC=0.95),
it was not possible to include both pain severity and
functional impairment in the same model. Regardless of
which of these covariates was included, the other coef-
ficients were fairly close in value (Model 4, Table 5).

Discussion

In this cross-sectional study of a population of auto-
mobile workers, PPT values in 12 anatomical sites were
highly correlated. The correlation between PPTs sug-
gests that there is an overall increased sensitivity in the
UE in those with UEMSD signs and symptoms. Addi-
tionally, there appears to be a trend toward lower av-
gPPTs in those with increasing severity of UEMSD signs
(as measured by greater number of sites with PE find-
ings) or symptoms (increasing pain severity or functional
impairment). However, due to the cross-sectional nature
of the study, it is unknown whether this sensitivity pre-
ceded or followed the UEMSD morbidity.

In accordance with other studies, we found females to
report significantly lower PPTs than males (Gerecz-Si-
mon et al. 1989; Hogeweg et al. 1992; Fransson-Hall and
Kilbom 1993; Sterling et al. 2000; Chesterton et al.
2003). After adjusting for other covariates including
gender and grip strength, age became only a mild pre-
dictor of avgPPT. One study has found a decrease of

Table 2 Mean (SD) avgPPT (kPa) by case status

All

n Mean SD

Non-case 201 579 108
ANY symptoms* 124 471 147
ANY PE findings* 238 481 147
PE muscle/tendon findings* 228 481 147
Other PE findings* (no muscle/tendon) 10 490 98
Same site symptom and PE
muscle/tendon findings*

88 432 157

*P £ 0.05, t test when compared with noncases

Table 3 Mean (SD) avgPPT (kPa) by symptom or functional
impairment status

n Mean SD

Pain severity*
0 (n=367) 367 549 127
1–14 (n=49) 49 481 137
15–30 (n=44) 44 422 167

Functional impairment*
0 358 549 127
1–19 75 490 137
20–50 27 382 167

Hand/arm numbness**
No 397 539 127
Yes 63 441 157

*P<0.05, Wilcoxon rank sum test extension; **P<0.05, t test

Table 4 Mean (SD) anatomic-specific PPT (kPa) in those with exclusive physical examination (PE) findings by anatomical area

Proximal
avgPPTa

% Change from
non-cases

Distal
avgPPTb

% Change from
non-cases

Non-cases (n=201) 618 (108) 510 (127)
Proximal PE findings only (n=80) 559 (127) �10 461 (127) �10
Distal PE findings only (n=68) 539 (147) �13 402 (147) �21
aAverage of eight points (see text)
bAverage of four points (see text)
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PPT with age (Mitchell et al. 2000), while others have
found no effect (Fransson-Hall and Kilbom 1993; Bys-
tröm et al. 1995; Sterling et al. 2000).

We observed an association of avgPPT with grip
strength, independent of the associations with gender
and age. Fransson-Hall and Kilbom (1993) similarly
observed higher PPTs in the hands of healthy subjects
with greater grip strength. In a study of several occu-
pational groups (Onishi et al. 1976), there were no
associations between trapezius tenderness thresholds
and grip strength. However, increased thresholds were
correlated with both reduced back muscle and upper
arm abduction strength in photographic film rolling
workers, and with decreased back muscle and knee
extension strength in teachers and nurses for handi-
capped children. These findings suggest specificity of
association, in that strength in a particular anatomic
region appears to be associated only with PPTs in the

same area (i.e., grip strength with hand PPTs and back
strength with trapezius PPTs).

Takala and Viikari-Juntura (1991) reported reduced
PPTs in symptomatic compared with asymptomatic
bank cashiers. However, the lower PPTs were not
accompanied by differences in muscle strength, endur-
ance, or EMG fatigue parameters. This suggests that
PPTs are not indicative of muscle function. It is not
known why greater grip strength is associated with
higher PPTs, even among noncases. Some have specu-
lated that it reflects muscle mass, but this is a topic for
further research.

Decreased PPTs have been associated with frequency
of symptoms in the forearm and shoulder (Takala et al.
1992) and with perceived musculoskeletal discomfort
(Nakata et al. 1993). Similarly, we found a reduced av-
gPPT in those reporting increasing pain severity. The
three available metrics for characterizing UEMSD
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Fig. 1 Mean (SD) avgPPT (kPa) by number of sites with PE findings

Table 5 Multivariable regression models of mean pressure pain threshold (kPa) (n=447), adjusted for age

Covariate Model 1 Model 2 Model 3 Model 4

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Gender (0 male, 1 female) �167 �205, �129 �162 �203, �122 �179 �210, �148 �182 �213, �151
Right grip strength 57 33, 82 65 38, 91 65 45, 86 63 42, 84
Pain severity score (0–30) �4 �6, �1 �3 �5, �0 �4 �5, �2
Functional impairment score (0–50) �4 �6, �3
Any symptom (0/1) �51 �85, �18
PE m/t finding (0/1) �58 �81, �36 �51 �74, �28
Same-side symptom
and PE m/t finding (0/1)

�79 �120, �38

95% CI 95 percent confidence interval; PE physical examination; m/t muscle/tendon
Grip strength standardized to gender-specific means (54 lb, male; 30 lb, female): 0 if < mean, 1 if ‡ mean
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symptoms (pain severity, functional impairment, and
hand/arm numbness) were too strongly correlated to
permit comparison of their associations in a single
model. The multivariable models suggest that there is a
baseline effect of reduced PPTs in those with any UE
symptoms or PE muscle/tendon findings. This baseline
PPT is further reduced in those with greater symptom
severity—whether characterized by pain intensity,
functional impairment or presumably hand/arm numb-
ness frequency.

Left and right average PPTs were similar in those
with PE findings on one side only. Neither have differ-
ences been found in PPT between affected and contra-
lateral sides in patients with chronic trapezius myalgia
(Leffler et al. 2003) or lateral epicondylalgia (Leffler et al.
2000). In a small longitudinal study of initially asymp-
tomatic industrial workers (n=12), Madeleine et al.
(2003) found that lower PPTs at the start of employment
predicted shoulder/neck pain after 6 months. This re-
duced PPT was present bilaterally and even somewhat
distally. A mechanism for the spread of muscle pain in
UEMSDs through sensitization of secondary muscle
spindle afferents (MSAs) has been suggested by Jo-
hansson and Sojka (1991). In a rat model of a unilateral
repetitive reaching and grasping task, an elevation of
immunoreactive macrophages was observed in both the
involved and uninvolved limbs (Barbe et al. 2003), again
suggesting the bilateral spread of a physiological effect.
Central sensitization presents another potential mecha-
nism (Woolf and King 1990). Whether the uniformity of
PPTs across side in those with symptoms (or symptoms
and signs) confined to one side actually reflects any of
these proposed mechanisms is unknown.

We found that the distal arm avgPPT was lower than
the proximal arm avgPPT by approximately 17% in
normal subjects. PPT testing points are not standardized
with regard to anatomical locations. Furthermore, pre-
vious studies of PPT norms (Fischer 1987; Takala 1990;
Hogeweg et al. 1992; Fransson-Hall and Kilbom 1993;
Kosek et al. 1993) do not enumerate the identical points
as those in the current analysis. PPTs are known to vary
in normal subjects, depending on the anatomical testing
site. In particular, the lower back is less sensitive than
the upper back (Fischer 1987; Hogeweg et al. 1992). It is
not possible to determine whether the proximal limb was
less sensitive than the distal limb in the aforementioned
studies.

Conclusions

PPTs were associated with signs and symptoms of UE-
MSDs, after adjusting for gender, age, grip strength, and
pain severity or functional impairment. The utility of
this noninvasive testing modality should be assessed on
the basis of prospective large cohort studies to determine
if low PPTs are predictive of UEMSDs in asymptomatic
individuals or of progression and spread of UEMSDs
from localized to more diffuse disorders.

Acknowledgements This research was supported by the National
Institute for Occupational Safety and Health (NIOSH R01-
OH03514). Twila Eshelman and Trudy Johnson Hall conducted
the physical examinations and interviews. We thank Dr. Rebecca
Moreland, the UAW-Chrysler National Training Center staff,
plant managers, safety directors, UAW ergonomics trainers and
health and safety committee members for their valuable assistance.
Dr. Katz is supported by the National Institute of Arthritis and
Musculoskeletal and Skin Diseases (NIAMS K24 02123 and NI-
AMS P60 AR 47782) and the Arthritis Foundation.

Appendix

Definition of points for PPT measurements

1. Trapezius: find largest cervical vertebrae (C7 or T1
depending on individual) and move laterally three
fingers.

2. Rhomboids: find medial border of scapula below
spine of scapula. Pressure point is located midway
between medial border and thoracic spine (about T3).

3. Teres major: find inferior angle of scapula and drop
off laterally. Resist humoral external rotation to lo-
cate muscle.

4. Deltoid: find lateral edge of acromium and drop off
three fingers onto deltoid muscle.

5. Wrist extensors: with forearm supported, have sub-
ject extend wrist and locate muscle mass in proximal
and lateral forearm. Apply resistance if needed.

6. Wrist flexors: with forearm supported, have subject
flex wrist and locate muscle mass in proximal and
medial forearm. Apply resistance if needed.
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