Scand J Rehab Med 25: 117-124, 1993

A COMPARISON OF PRESSURE PAIN THRESHOLDS IN
DIFFERENT TISSUES AND BODY REGIONS
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ABSTRACT. Pressure pain thresholds (PPTs) were
measured in 12 healthy female volunteers with a hand-
held electronic pressure algometer (Somedic®). The
PPTs over 30 points, mainly located on the trunk, were
measured in a randomized order. The measurements
were repeated after one week and again 10-13 weeks
later. Three spots over nerve tissue had lower PPTs than
nearby muscle. There were no consistent differences
between muscle and periosteum within the same region.
Overall there was a tendency for points in the nape
region to have the lowest PPT, and those in the lumbo-
sacral region to have the highest. The shoulder points
had intermediate values. The interindividual differences
were great. There was no difference between the mean
PPTs from the first session and those from the second
session. However, at the third session, 10 weeks later,
the average PPT value was substantially higher than in
the previous sessions.

Key words: measurement, pain threshold, pressure alg-
ometer, reliability.

Disability due to musculoskeletal pain is of great
medical and economic importance. Tenderness is the
major, and sometimes only, symptom of musculoske-
letal dysfunction, and the correct evaluation of tender-
ness (e.g. finding tender muscle bellies or tendons in
work related myalgy/tendalgy or tender/trigger points
in fibromyalgia) is an important diagnostic procedure.
However, the quantification of tenderness by palpa-
tion is very subjective, which makes comparative
studies difficult. Pressure algometry is a semiobjective
method of determining pressure pain thresholds
(PPTs). It has been used to measure the effects of drugs
(4, 8, 16), overventilation (5), and stress (3), to
document tender/trigger points (23, 27), to discrimi-
nate patients with fibromyalgia from healthy controls
(18, 28, 30), to compare PPTs in different clinical

settings (6, 11, 14, 19, 20, 22, 29), and to evaluate
treatment (31). The pressure algometer has also been
used to measure differences in PPT between various
locations (2, 12, 17, 24, 29).

Only a few investigators have attempted to systema-
tically analyse variations in PPT between different
tissues and body regions. Fischer (10) has determined
PPTs for ten trunk muscles and also determined the
pressure pain tolerance over two bony sites and two
muscle sites (9). Gerecz-Simon et al. (11) found a lower
average PPT over bone than over muscle. However,
the algometers used in these studies lacked an indi-
cator of pressure rate application (a factor important
for reliable results (7, 16)) and the pressure pain
threshold/tolerance was indicated by the subject sig-
naling pain or saying “‘stop”” which makes the results
dependent on the investigator’s reaction time.
Furthermore the bony and muscle sites were not
located in the same body region which makes a
comparison difficult.

The short-term reliability of the pressure algometer
has been documented (2, 3, 16, 23, 24, 27). There are
few reports of long-term reliability, the longest being
over 8 weeks in the temporal region (24). A negative
correlation between regional tenderness and PPTs in
the temporal and occipital region has been docu-
mented (17). Reports of good (3, 12, 27) and variable
(29) interobserver reliability have been published.

To evaluate tenderness correctly in different loca-
tions in patients, normal differences between tissues
and body regions among healthy individuals need to
be determined. A systematic and repeated study of
many locations in one body region is necessary in
order todetermineconsistent differences in sensitivity
between different tissues and body regions. No pre-
vious study has addressed this vital issue. It is also
necessary to document the normal variation in PPT
between healthy subjects and in the same subject on
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different occasions. Knowledge of the long-term relia-
bility (more than two months) is of crucial importance
if the method is to be used in patient follow-ups.
However, no study has documented the long-term
reliability when measuring locations relevant for clini-
cal assessment in patients with musculoskeletal pain.
The purpose of this study was to systematically test for
PPT differences between tissues, body regions, and
individuals, and to document the short- and long-term
reliability of our pressure algometer. The study
addressed the following questions:

1) Are there systematic differences in PPTs over
different tissues (muscle bellies, tendon insertions,
ligaments, periost, joint capsules and nerve tissue)?

2) Are there systematic differences in PPTs between
body regions?

3) How great are the normal differences in average
PPT values between healthy volunteers?

4) What is the short-term (one week) and long-term
(10-13 weeks) reliability?

METHODS

Subjects

Twelve female volunteers average age 28 years, range 15-33
years, participated in the study. None of the subjects sutfered
from any musculoskeletal problems. No NSAID, other
analgesics or hypnotics were being taken at the time of the
study. All the subjects were right-handed. They all gave their
informed conscnt to participate in the study.

The pressure algometer

The pressure algometer (Somedic AB, Farsta, Sweden)
consisted of a gun-shaped handle with a pressure-sensitive
strain gauge at the tip. It was connected to a power supply, an
amplifier and a display. The tip was round, with a diameter of
10 mm and covered with 2 mm of neoprene rubber to avoid
adverse skin pain stimuli due to sharp metal edges. The
display showed pressure (in kPa) and a scale indicating the
rate of pressure force increase. The scale enabled the
examiner to keep any desired rate of pressure increase. In this
study a rate of 50-60 kPa/s was chosen. The subject indicated
pain threshold by pressing a push-button which froze the
current pressure value on the digital display. The algometer
was calibrated before measuring each subject.

Anatomical sites studied

To cover clinically interesting structures in the nape, shoulder
and lumbar back, 27 sites on the right side of the body were
chosen (see Fig. 1). The sites involved not only different
regions, but also different tissues such as periost, tendon
insertions, ligaments, joint capsules, muscle bellies and nerve
tissue. Three structures were measured bilaterally.
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Fig. 1. Locations measured.
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Procedure

All measurements were made by the same investigator (EK)
with the subjects in a relaxed prone position. The subjects
were carefully informed that the investigation aimed at
determining the individual pain threshold, not pain toler-
ance. Thealgometer was demonstrated and the subjects were
instructed to push the button exactly at the moment when the
pressure sensation turned into a pain sensation. The struc-
tures were localized by palpation and marked with a pen. A
plastic template was made for each subject and removed
before the measurements started. Two test measurements at
spots not included in the study were made before beginning
each session to familiarize the subjects with the procedure.
The push-button was always held in the hand on the side not
being measured. Measurements were made over the 30 spots
in arandomized order. Two successive determinations (3-10
seconds in between) were made at each location. The average
duration of each session was 40 minutes. The same measure-
ments were repeated after one week and then again approxi-

mately 10 weeks later. The sites were palpated, marked and
then checked against the template and corrections were made
if necessary. The PPTs were obtained using the order of
measurement from the first visit. At the last session a final
extra measurement with only one pressure application per
spot followed the two regular measurements. The same spots
were thus remeasured once after 20-30 minutes.

Statistical methods

The statistical analysis is based on the assumption of normal
distribution. A three-way analysis of variance was used to
determine the influence of the following factors on PPT: 1)
anatomical location, 2) individual, 3) order of pressure
applicationin the seriesand day ofexamination. Tukey's test,
(HSD) (21) was used for multiple comparison of mean PPT.
Forcomparison of differences between two means considered
singly, Fischer’s test, (LSD) (21) was used. The significance
level chosen was p <0.05.

Table 1. Mean pressure pain thresholds ( PPT) from all series, standard error ( S.E.) and coefficients of variation
(C.V.)

For comparisons of differences between two means considered singly, Fishers’s test (LSD) was used. If the difference between
the mean PPT for two different sites is 32.1 kPa or more then it is significant at the level of p <0.05. A difference of 42.3 kPa or
more is significant at the level of p <0.01 and a difference of 53.9 kPa or more is significant at the level of p < 0.001. For multiple
comparison of differences between two means, Tukey’s test was used. If the difference between the mean PPT for the different
sites is 61.4 kPa or more then itis significant at the level of p < 0.05. A difference of 68.5 kPa or more is significant at the level of
p<0.01 and a difference of 77.1 kPa or more is significant at the level of p<0.001. Standard error (S.E.) and coefficients of
variation (C.V.) were calculated for every location measured.

Measured locations Mean PPT (kPa) S.E. C.V. (%)
I I cm above linea nuchae sup. 288 13.2 423
2 | cm below linea nuchae inf. 222 10.0 41.1
3 Proc. transv. C2 dorsal asp. 220 11.8 48.9
4 Proc. transv. C2 lat. asp. 144 5.1 32.6
5 Proc. transv. C5 dorsal asp. 222 10.0 41.4
6 Proc. transv. C5 lat. asp. 150 6.0 36.7
7 Proc. spinosus C7 335 26.6 729
8 M. Levator scapulae dx. 301 11.8 36.1
9 Angulus sup. scapulae 308 17.1 50.8

10 M. Supraspinatus 368 18.6 46.4

11 Middle of spina scapulae 323 20.6 58.4

12 Proc. transv. TS 348 17.6 46.2

13 2 cm lat. of proc. transv. TS 303 15.8 47.9

14 M. Infraspinatus 374 243 59.5

15 Acromioclavicular joint 333 16.8 46.3

16 Acromion 319 18.1 51.8

17 Epicondylus lat. humeri 388 2135 50.8

18 M. Brachiorad./N. Radialis 183 12.5 62.7

19 Proc. Transv. L3 455 22.8 459

20 3 cm lat. of point 19 299 14.3 43.7

21 Midway betw. L5-crista iliaca post. sup. 394 13.2 30.6

22 M. Gluteus med. dx. dorsal asp. 329 16.4 45.7

23 Lig. interspin. L5-S1 413 20.6 45.9

24 Spinailiaca post. sup. 369 15.8 39.1

25 Sacrumlevel with S2, 2 cm lat. from midline 455 21.4 43.0

26 M. Gluteus med. lat. asp. 335 17.5 48.0

27 Trochanter major 343 15.2 40.6

28 M. Infraspinatus sin. 316 19.2 55.8

29 M. Gluteus med. sin. dorsal asp. 299 15.1 46.4

30 M. Supraspinatus sin. 337 14.3 38.8
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RESULTS

Fig. 1 illustrates the locations of the investigated sites.
Table 1 shows the mean pressure pain thresholds
(PPT), the standard error (S.E.) and the coefficient of
variation (C.V.) from all series. When sites over
cervical plexus (4, 6) were compared with nearby
muscle sites (3, 5), a lower PPT (p <0.001) was found
over the nerve sites. M. brachioradialis/N. radialis
(site 18) had a lower PPT (p <0.001) than epicondylus
lateralis humeri (site 17) and M. infraspinatus (site 14),
its closest muscular site, (Fig. 2). No consistent
differences in sensitivity were found between perios-
teum and muscle (Fig. 3). The acromioclavicular joint
(site 15) did not differ from the periosteum of acro-
mion (site 16). The tendon insertion of M. levator
scapulae (site 9) did not differ in PPT from the belly of
M. levator scapulae (site 8). However, we also found
some significant differences within the same tissues
and body regions. M. supraspinatus (site 10) had
higher PPT (p <0.001) than M. levator scapulae (site
8), and sacrum (site 25) had higher PPT (p <0.001)
than spina iliaca posterior superior (site 24), which
calls for attention when interpreting the data.

Three spots were measured bilaterally to allow a
comparison of the dominant and non-dominant sides.
The PPT of M. infraspinatus (sites 14 and 28) was
higher (p <0.001) on the right side. In M. supraspina-
tus (sites 10 and 30) and M. gluteus medius (sites 22
and 29) there were tendencies to higher PPT values on
the dominant, right side (Fig. 4).

kPa

'S

D Nerve tissue
400+ 374
Musdle tissue
300+
220 222
200+ 183
144

100+
Point no. 4 3 6 5 18 14

Fig. 2. Mean PPT values for all series for sites over nerve
tissue (sites 4, 6, 18) compared with sites over nearby muscle
tissue (sites 3, 5, 14). Sites over nerve tissue all had
significantly lower PPT values (p<0.001) than nearby
muscle sites.
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Fig. 3. Mean PPT values for all series for sites over bone (sites
7, 11, 24) compared with nearby muscle sites (sites 8, 10, 21).
The spinal process of C7 (site 7) had significantly higher PPT
(p<0.05) than M. Levator scapulae (site 8). Spina scapulae
(site 11) had lower PPT (p<0.01) than M. Supraspinatus
(site 10) and spina iliaca posterior superior (site 24) had lower
PPT (p <0.05) than the dorsal part of M. gluteus medius (site
21).

Overall there was a tendency for the nape region
(sites 1-6)) to have the lowest PPT values, the shoulder
region (sites 7-16) to have intermediate values and the
lumbo-sacral region (sites 19-27) to have the highest
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Fig. 4. Mean PPT values for all series for muscle sites on the
left and right side of the body. There was a tendency for lower
PPT values on the left side but the difference is significant
(p<0.001) only for M. infraspinatus (sites 14, 28).
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Fig. 5. Mean PPT values for all series for muscle sites at the
nape (sites 1-6), shoulder region (sites 7-16) and the lumbo-
sacral region (sites 19-27). There is a significant difference
between the nape and the shoulder region (p <0.01) and the
nape and the lumbosacral region (p <0.001) but no signifi-
cant difference between the shoulder region and the lumbo-
sacral region. For comparable sites over the transverse
processes of C2, TS5 and L3 (sites 3, 12, 19), the PPT increases
(p<0.001) for distal sites.

values, the average values being 208 kPa, 331 kPa and
377 kParespectively. There was a significant difference
(p<0.01) between the nape and shoulder region and
between the nape and the lumbosacral region
(p<0.001), but no significant difference between the
shoulder region and the lumbosacral region. For the
comparable sites over the transverse processes of C2,
TSand L3 (sites 3,12,19) the PPT increased (p <0.001)
with distal location. This is illustrated in Fig. 5. The
interindividual differences were very great. The mean
PPT values of the most and the least sensitive indi-
viduals differed by a factor of 2-3 in every measuring
session.

There was a difference between the two immediate
(3-10 seconds) consecutive PPT determinations in all
series, (Fig. 6). The second determination gave lower
PPTs (p<0.001). The mean PPT was 8.6%, 6.5%, and
8.6% lower, respectively, in the second pressure
application than in the first. On the third measuring
occasion one final extra measurement with only one
pressure application per spot followed the regular
determinations about 20-30 minutes later. The PPT

kPa PPT Determinations

d
[:] First

Second

500+

400 Third
354
298
300 295
200
100

Week 1 Week 2 Weeks 10-13

Fig. 6. Mean PPT values for all sites from the first PPT
determination at first, second and third measuring sessions
compared with the second PPT determination (3-10 seconds
later) in these sessions. The mean PPT value from the first
determination was higher (p <0.001) than from the second.
The mean PPT for the third PPT determination on the third
measuring session (20-30 minutes later) was significantly
higher (p <0.001) than for the first (and second) determina-
tions in that session.

values were then 9.8% (p < 0.001) higher than the first
pressure application in that session.

The total mean PPT (283 kPa) obtained from the
first series did not significantly differ from the total
mean PPT (289 kPa) from the second series one week
later. The total mean PPT (339 kPa) from the third
series (first two determinations, 10-13 weeks later) was
higher (p<0.001) than the mean PPT from the
previous two series. The relative mean PPT of indi-
vidual spots remained fairly constant. The nape region
(sites 1-6) had lower PPTs in every subject in all seven
PPT determinations than the shoulder region (sites 7—-
16) and the lumbosacral region (sites 19-27). The
shoulder region had lower PPTs than the lumbosacral
region in 78.6% of the determinations. However, if
only the five sites with the highest PPTs from the
lumbosacral region were considered, the shoulder
region (sites 7-16) had lower PPTs than these lumbo-
sacral sites (sites 19, 21, 23, 24 and 25) in 96.4% of the
determinations.

DISCUSSION

The results showed that there are differences in PPT
between different tissues. The extremely low threshold
of the spot over the proximal part of M. brachioradia-
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lis in healthy individuals is interesting since this spot is
frequently reported as a tender/trigger point in
patients with e. g. fibromyalgia (1). The threshold was
only about 47% of the nearby “periosteum-point™ of
the lateral humeral epicondyle. This might be
explained by the passage of the radial nerve branches
through the muscle tissue (13). The other two sites with
underlying nerves (plexus cervicalis) also had ex-
tremely low PPT. Their PPT was only 65% and 68%
respectively of the nearby control sites over processus
transversus C2 and C5. Lower PPT values for sites
with underlying nerves have not been reported in
earlier studies. We found no consistent differences
between PPT values of muscle bellies and bony sites
when compared within the same body region. How-
ever, in agreement with earlier studies (24, 29) signifi-
cant differences between the same tissue in the same
body region occurred. Local differences in skin sensiti-
vity to pressure pain might possibly explain these
differences. We found no difference in PPTs between
the site over the acromioclavicular joint and the
periost of acromion. Since the tip of the algometer
tended to slip off the joint, these values might not be
correct.

The results show differences in PPTs between
different body regions. The nape region had low PPTs
in every measuring series, with values only about 55%
of those of the lumbosacral region, where the least
sensitive spots were found. The thresholds of the
shoulder region wcrc about 85% of those of the
lumbosacral region. These results tally with earlier
publications (10, 12, 28). If we suppose that the
pressure pain is mediated by C-fibres with a conduc-
tion velocity of 0.6-2 m/s (25, 26), then it will take
about 0.25-1.3 seconds more for the subject to react to
caudal (site 19) than cranial (site 3) stimulation. In this
study we used a pressure application rate of 50-60
kPa/s, thus this mechanism could explain a maximal
difference of 70 kPa between the two sites. The
difference between the mean PPT values for the
transverse process of C2 (site 3) and the transverse
process of L3 (site 19) was 255 kPa, so this cannot be
the only explanation of the difference in sensitivity.

The finding that the PPT of the second immediate
consecutive measurement were about 8% lower is
interesting. It shows that one cannot expect the same
value when repeating a measurement soon after the
first one. Nor can one wait for 20-30 minutes and
expect the same result as initially, since it will give
about 10% higher values. This phenomenon has not
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earlier been documented. In some studies no differ-
ences have been found when remeasuring PPTs,
however, the time intervals differ from ours or are not
reported (16, 24, 27). Brennum et al. (2) found no
significant differences in PPTs during consecutive
measurements with 10 second intervals, but there was
a tendency for lower PPTs on the second PPT
determination. They performed 30measurementswith
this interval while we performed 360, which might
explain why we found a significant difference when
they did not. Hogeweg et al. (12) also found a
significant effect of repeated pressure application
within a short time interval but did not specify the
effect. The lowered threshold on the second consecu-
tive measurement in our study may be due to focusing
attention on the spot measured, an effect of central
summation, or a result of local irritation. However, in
the third series when a third measurement was made
20-30 minutes later, there was again an increase in
PPT, even though indentation marks in the skin were
seen. Most subjects spontaneously declared that the
measuring sessions has been a pleasant moment of
relaxation. During the third pressure application in
the third series, the subjects could have reached a
maximum of relaxation. Furthermore, the afferent
stimulation of 60 times pressure against skin and
deeper structures might cause acupuncture-like
effects, e.g. endorphin release. This might be avoided
in a clinical situation where fewer locations need to be
measured.

The short-term reliability (one week) is very good.
Nine to twelve weeks after the second series we found
an increase in PPT compared to the first or second
session. The reason for this is unclear. Series one and
two were made in early summer and the third series in
late summer/early autumn. Most subjects had their
summer vacations in between and it is possible that
they were less stressed and fitter, which might have
influenced the measurements (3). Jensen et al. (16) also
documented an increase in PPT in the course of five
repeated determinations at weekly intervals, while
Ohrbach & Gale (24) reported no major difference
between sessions up to 8 weeks after the first session.
The increase in PPT over time was evenly distributed
over all the locations measured. The nape region had
lower PPTs in every subject and every PPT determina-
tion than the shoulder region and the lumbosacral
region. The shoulder region had lower PPTs than the
five least sensitive lumbosacral sites in 81 of 84
determinations. The relative levels of PPT over differ-
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ent locations thus remained fairly constant. This
shows that the method has limitations when compar-
ing PPT values for a certain location in one individual
from time to time, since these values vary even in
healthy subjects. However, since the relative PPT
values between the different locations remain fairly
constant for each individual, it may be possible to
design a system with reference sites to bypass these
general drifts in PPT values over time.

The algometer makes it possible to quantify tender-
ness. It is our belief that the algometer can be a
valuable complement to other clinical methods in the
evaluation of different treatments of musculoskeletal
pain. Since the individual PPT values tend to increase
with repeated measurements over time, it might be
dubious to try to establish absolute normal reference
values for different structures. Instead, a system with
reference sites might prove useful.
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