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Abstract

Purpose Pressure algometry is widely used to obtain

measures of mechanical pain sensitivity in adults, both in

experimental and clinical pain conditions. Only very few

studies describe the use of pressure algometry in children.

The purpose of this study was to produce reference values

of pressure pain thresholds and to determine the intra- and

interrater agreement, in order to introduce pressure

algometry as a standardized method for the assessment of

pain thresholds in children with orthopedic disorders.

Methods Pressure pain thresholds were determined at the

leg and at the thenar in 50 children aged 4–12 years. All

were scheduled for physical examination at the outpatient

Orthopedic Clinic at Aarhus University Hospital, Denmark,

because of various orthopedic disorders such as clubfoot

and Baker’s cyst. Pressure pain thresholds were determined

by two different raters: 20 children were examined twice

by rater 1 (intrarater agreement), and another 20 children

were examined by both rater 1 and rater 2 (interrater

agreement). An additional ten children were examined

once by rater 1 to increase the number of children used to

determine the reference values.

Results The pressure pain threshold was 183.1 kPa

(mean, SD: 90.7) at the leg and 179.1 kPa (mean, SD:

97.4 kPa) at the thenar (n = 50). Pressure pain thresholds

were similar in boys (n = 27) and girls (n = 23). Also,

pressure pain thresholds were not affected by age. Bland–

Altman plots showed excellent intrarater agreement and

satisfactory interrater agreement.

Conclusion Pressure algometry has excellent intrarater

agreement and satisfactory interrater agreement. Pressure

algometry was well-tolerated even by very young children.

The method deserves more widespread use both in clinical

and experimental settings.

Keywords Pressure algometry � Pressure pain

thresholds � Reliability � Children

Introduction

Pressure algometry has proven to be an important psycho-

physical examination tool to obtain measures of mechanical

pain sensitivity from deep tissue. It has been widely used in

adults, both in experimental and clinical pain conditions [1].

In, for example, osteoarthritis, fibromyalgia, temporoman-

dibular disorders, and whiplash syndrome, reduced pressure

pain thresholds to mechanical pressure have been shown,

indicating the presence of hyperexcitability [2–5].

However, only a few studies of pressure algometry

have been conducted in children [6–11]. Haskes et al. [6]

found that 44 children aged 4–12 years with growing

pains had lower pain thresholds at several predefined

points than 46 control children without growing pains.
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The same population of children was examined after

5 years. Pressure pain thresholds were still significantly

lower in children with continuing growing pains than in

controls and children with resolved growing pains [7].

Furthermore, pressure pain thresholds were significantly

lower over the trigeminal and nontrigeminal nerves in

children with tension-type headache than in healthy con-

trols [8]. Hogeweg et al. [9] studied the effect of site of

stimulation and age and gender on pain thresholds in 69

children aged 6 to 17 years. Pressure pain thresholds were

slightly lower paraspinally than at the extremities. Pres-

sure pain thresholds measured paraspinally increased with

age, but thresholds measured at the extremities did not

increase with age. Pressure pain thresholds were not

affected by gender.

Numerous studies in adults have documented intra- and

interrater agreement of pressure pain thresholds [12–15].

However, intra- and interrater agreement of pressure pain

thresholds in children has only been examined by Chaves

et al. [10]. Pain thresholds were measured in 30 children

aged 7–12 years by two trained examiners. Fourteen

children had orofacial pain and 16 were free of symptoms.

Intra- and interrater agreement was found to be moder-

ate or excellent for most of the masticatory structures

examined.

Orthopedic pain conditions are frequent in children. We

therefore wanted to produce reference values for pressure

pain thresholds in children with orthopedic disorders and to

determine the intra- and interrater agreement, in order to

introduce pressure algometry as a standardized method for

the assessment of pain thresholds in both clinical and

experimental settings.

Materials and methods

Subjects

Fifty children aged 4–12 years were consecutively inclu-

ded in the study. All children underwent physical exami-

nation at the outpatient Orthopedic Clinic at Aarhus

University Hospital, Denmark, because of orthopedic dis-

orders, e.g., club foot, flat foot, knock knee, short Achilles

tendon, and Baker’s cyst. Children with cerebral palsy,

other severe systemic disease, or pain at rest were excluded

from participation. Information about the study was sent to

the parents of eligible children before the visit to the

Orthopedic Clinic, and informed written consent was

obtained before inclusion. Clinical data including age, sex,

ethnicity, weight, height, and orthopedic disease were

collected. The study was approved by the local ethics

committee (2007–21171) and the Danish Data Protection

Agency.

Pressure algometry

Pressure pain thresholds were determined using a hand-

held electronic pressure algometer with a 1 cm2 probe area

and an application rate of 20 kPa/s (Algometer�, Somedic

Sales, Hörby, Sweden). The pressure algometer consists of

a ‘pistol’ handle and a rod with a pressure-sensitive gauge

strain at the tip (Fig. 1). The children were instructed to say

‘‘stop’’ as soon as the sensation of a pressure changed to a

sensation of pain. The applied pressure could be read on a

digital display. Three values were obtained at each of the

two sites. The pain threshold was determined as an average

of the last two values, as this procedure has been found to

be reliable in both children and adults [10, 16].

Procedure

Pressure algometry was performed on the same day as the

physical examination under quiet and non-stressful condi-

tions. The children were examined in a relaxed sitting

position, and carefully introduced to the procedure. For the

youngest children, a teddy bear was used for demonstra-

tion. To determine the intrarater agreement, 20 children

were examined twice by rater 1 (ADK). To determine the

interrater agreement, another 20 children were examined

by both rater 1 and rater 2 (LN) in a randomized order (in

ten children the first examination was done by rater 1, and

in another ten children the first examination was done by

rater 2). An additional ten children were examined once by

rater 1 to increase the number of children used to determine

the reference values from 40 to 50 children.

The time elapsed between the first and second exami-

nation ranged from 15 to 30 min. Rater 1 and rater 2 were

both trained users of pressure algometry. Two sites were

Fig. 1 A hand-held pressure algometer. (Algometer�, Somedic

Sales, Hörby, Sweden). The pressure algometer consists of a ‘pistol’

handle and a rod with a pressure-sensitive gauge strain at the tip. The

applied pressure can be read on a digital display
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chosen for evaluation, and examined in the following

order: (1) the lateral aspect of the calf on the affected side

above the gastrocnemius muscle and approximately where

the upper 1/3 of the lower leg meets the lower 2/3 of the

lower leg (if both legs were affected, the leg ipsilateral to

the dominant hand was examined), and (2) the thenar of the

dominant hand.

Statistics

Descriptive statistics was used for demographic data.

An analysis described by Bland and Altman [17] was per-

formed, in which intra- and interrater differences between

two measurements were plotted against the corresponding

mean. The differences were tested for normal distribution

using probability plots and histograms. A paired t-test was

used to test intra- and interrater differences in pressure pain

thresholds. An unpaired t-test was used to test if sex, age, or

site of stimulation affected pressure pain thresholds. Results

are presented as mean (SD). The Number Cruncher Statis-

tical System (NCSS) (2004) statistical software package was

used.

Results

Seventy-seven children were asked to participate, and 27

refused. Pressure algometry was well-tolerated by all 50

included children, and none withdrew during the exami-

nation. The baseline characteristics can be seen in Table 1.

The pressure pain threshold was 183.1 (90.7) kPa at the leg

and 179.1 (97.4) kPa at the thenar (n = 50, all examina-

tions done by rater 1). Pressure pain thresholds were sim-

ilar in younger (4–7 years, n = 18) and older children

(8–12 years, n = 32) [leg: 156.5 (87.1) kPa vs 191.8

(101.9) kPa, P = 0.22; thenar: 180.6 (89.5) kPa vs 184.5

(92.8) kPa, P = 0.89](Fig. 2). Pressure pain thresholds

were similar in boys (n = 27) and girls (n = 23) [leg:

195.5 (114.2) kPa vs 159.8 (70.7) kPa, P = 0.18; thenar:

197.9 (92.6) kPa vs 165.6 (87.3) kPa, P = 0.21]. Bland–

Altman plots showed excellent intrarater agreement

(Figs. 3a, b) and satisfactory interrater agreement between

the two raters (Figs. 4a, b). Pressure pain thresholds were

statistically significantly higher both at the leg [difference:

41.4 (57.5) kPa, P \ 0.01] and at the thenar [difference:

29.4 (42.7) kPa, P \ 0.01] for thresholds obtained by rater

1 compared with thresholds obtained by rater 2.

Discussion

In this study, we found excellent intrarater agreement

and satisfactory interrater agreement for pressure pain

thresholds obtained at the leg and at the thenar in children

aged 4–12 years with orthopedic disorders.

The Bland–Altman plot was used for presentation and

analysis of data. Some authors have used the Intraclass

Correlation Coefficient (ICC) to show if there is an

agreement between raters. However, this method is liable

to systemic error, and does not reveal clearly the variation

between each pair of repeated measures.

Pressure pain thresholds obtained by rater 1 were statis-

tically significant higher than thresholds obtained by rater 2.

This difference may have several explanations. Both raters

were trained users of the pressure algometer, and the chil-

dren were carefully instructed in how and when to respond to

the applied pressure. However, a mean interrater difference

of 41.2 kPa at the leg and 29.4 kPa at the hand is rather low

compared with differences found in other reliability studies

using the pressure algometer. Chesterton et al. [15] studied

the interrater agreement of pressure pain thresholds obtained

at the hand in healthy adults, and accepted an interrater

difference of 173.9 kPa before it was categorized as a true

difference. Person et al. [18] found interrater differences of

Table 1 Baseline characteristics of 50 children with orthopedic

disorders

Gender (n, %)

Male 27 (54)

Female 23 (46)

Age, years, mean ± SD

Male 8.0 ± 2.4

Female 8.5 ± 2.3

Ethnicity (n, %)

Caucasian 47 (94)

Other 3 (6)

Height, cm, mean ± SD

Male 134.8 ± 14.6

Female 134.8 ± 15.2

Weight, kg, mean ± SD

Male 29.9 ± 8.5

Female 30.6 ± 8.1

Dominant hand (n, %)

Right 46 (92)

Left 4 (8)

Orthopedic disorder (n, %)

Bones 18 (36)

Joints 3 (6)

Connective tissue 22 (44)

Unspecific 7 (14)

Purpose of visit (n, %)

Follow-up after surgery 16 (32)

Planned surgery 10 (20)

Consultation 24 (48)
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44–71 kPa when examining pressure pain thresholds in

shoulder muscles of healthy women. In the study of intra-

and interrater agreement in 30 children with and without

orofacial pain, the interrater difference in pressure pain

thresholds obtained at the thenar in children with pain was

28.2 kPa and these children were older (7–12 years of age)

[10]. Although studies on interrater agreement involve

trained users of pressure algometry, it is possible that dif-

ferent raters might place the pressure pain algometer in a

slightly different area, with a slightly different angle to the

skin and with a slightly different application rate.

Rater 1 was a male nurse and rater 2 was a female

medical doctor. Studies in adults have shown that experi-

menter gender and professional status may influence

thresholds to pain stimuli [19, 20]. In the study by Kállai

et al. [19], 160 healthy volunteers were asked to immerse

their hand as long as possible in cold water (-1�C). The

volunteers tolerated pain longer when examined by a fac-

ulty member compared to when examined by a student.

Also, the volunteers expressed higher pain intensity when

examined by a female experimenter. We cannot exclude

the possibility that gender and educational level may have

influenced pressure pain thresholds in the present study. In

the study by Chaves et al. [10], no information was pro-

vided about gender and educational level of the raters.

More studies on how these factors may influence pressure

pain thresholds in children are warranted.

The children’s sex and age did not significantly affect

pressure pain thresholds. Thus, our findings are in accor-

dance with the findings by Hogeweg et al. [9]. A few

studies in children suggest that pressure pain thresholds

may be affected by site of stimulation [6, 9]. In adults,

pressure pain thresholds decrease with age [21], and

women exhibit lower thresholds than men [22]. It has been

shown that other factors, e.g., the children‘s level of anx-

iety, anticipation and parental catastrophizing, may affect

response to pressure pain induced by a pressure algometer

[23].

In summary, pressure algometry has excellent intrarater

agreement and satisfactory interrater agreement. Pressure

algometry was well-tolerated even by very young children.

The method deserves more widespread use both in clinical

and experimental settings.

Fig. 2 Pressure pain thresholds. Each dot represents a child. Pressure

pain thresholds were similar in younger (4–7 years, n = 18) and older

children (8–12 years, n = 32) [leg: 156.5 (87.1) kPa vs 191.8 (101.9)

kPa, P = 0.22; thenar: 180.6 (89.5) kPa vs 184.5 (92.8) kPa,

P = 0.89] [mean, (SD)]

Fig. 3 Intrarater agreement for pressure pain threshold at the lower

leg and at the thenar in 20 children. Bland–Altman plot. Each dot
represents the difference between two measurements plotted against

the mean of the two measurements. Both measurements were

obtained in the same child by rater 1. a Lower leg. The horizontal
line (-7.85 kPa) represents the mean value of the difference for 20

children, and the upper (86.4 kPa) and lower (-102.1) limits of

agreements are shown as dotted lines; SD: 48.1 ± 1.96. b Thenar.

The horizontal line (-13.9 kPa) represents the mean value of the

difference for 20 children, and the upper (63.1 kPa) and lower

(-90.9 kPa) limits of agreements are shown as dotted lines; SD:

39.3 ± 1.96
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