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ABSTRACT. Schasfoort FC, Bussmann JB, Stam
mpairments and activity limitations in subjects with chro
pper-limb complex regional pain syndrome type I. Arch P
ed Rehabil 2004;85:557-66.

Objective: To determine the degree of impairments
ctivity limitations and their interrelationship in complex
ional pain syndrome type I (CRPS type I).
Design: Cross-sectional study interrelating impairments

bjectively measured activity limitations.
Setting: Ambulatory and home environment.
Participants: Thirty nonacute upper-limb CRPS type I su

ects.
Interventions: Not applicable.
Main Outcome Measures: Sensory, motor, and autonom

mpairments, as well as activity-limitation outcome measu
he latter were objectively measured with a novel upper-
ctivity monitor (based on ambulatory accelerometry).
Results: All subjects were impaired to some degree but w
large variability with respect to magnitude. Regarding a

ty limitations, the involved upper limb was clearly less ac
lower intensity and percentage of activity) than the no
olved side. Impaired active range of motion (adjustedR2

ange, 18%–39%) and grip strength (adjustedR2 range, 12%–
5%) were the most important factors explaining varianc
ctivity limitations.
Conclusions: All subjects were still impaired nearly 3 yea

fter the causative event. The involved upper limb was
learly less active than the noninvolved side, especially w
he subjects were sitting and when the dominant side
nvolved. The more impairments a subject had, espec

otor impairments, the more activity limitations were pres
Key Words: Complex regional pain syndromes; Limitati

n activity, chronic; Rehabilitation; Upper extremity.
© 2004 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

OMPLEX REGIONAL PAIN syndrome type I (CRP
type I) (also known as reflex sympathetic dystrophy)

oorly understood and variously defined symptom comple1-9

hen CRPS type I occurs, it usually follows surgery or trau
nd it is generally expressed in the extremities. Its co
hows large variability, which makes diagnosis and interp

From the Department of Rehabilitation Medicine, Erasmus MC, University M
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doi:10.1016/j.apmr.2003.06.026
ion of clinical findings and research data difficult. Uncerta
urrounding the disorder is also reflected by the wide varie
reatments and, consequently, the numerous measures u
etermine treatment outcome.9-12

Sensory, autonomic, trophic, and motor impairments ma
ound in CRPS type I.10,13,14Furthermore, activity limitation
uring normal daily life, including occupation8,15-24and partic

pation problems such as social functioning and role fu
ent, have been reported.25,26 These studies show that CR

ype I encompasses impairments, activity limitations, and
icipation problems as described in theInternational Classifi-
ation of Functioning27-30(ICF). However, most outcome me
ures used in CRPS type I research concentrate
mpairments.10,31 To date, there has been a lack of approp
nstruments to objectively determine activity limitations
ubjects with upper-limb CRPS type I.10 The few instrument
sed in CRPS type I research to determine activity limitat
ave been retrospective scales and questionnaires. F
ehabilitation viewpoint, it is important to analyze the rela
etween impairments and activity limitations in order to
ress such questions as: Does an impairment always le
ctivity limitations? Should treatment or prevention focus

mpairment or activity limitations?16 and Which impairmen
ainly affects activities? However, only 2 studies16,25 have

nvestigated the relation between impairment and activity
tations in CRPS type I. In both of these studies,16,25scales an
uestionnaires were used to determine activity limitation
isual analog scale for perceived limitations in activities
aily living (VAS-ADLs) and the Groningen Activity Restri

ions Scale (GARS) for activity limitations.
The present study used an upper-limb activity mon

ULAM), which was developed to objectively measure
uantify upper-limb activity while a subject is functioni
uring normal daily life.32 The ULAM has proven its abilit

o noninvasively detect limitations in upper-limb activity
hronic upper-limb CRPS type I subjects.33 The advantage
f the ULAM over scales and questionnaires are, for ex
le, that it is more extensive than VAS-ADLs and, m

mportant, provides objective outcome measures for act
imitations that allows quantification of what subjects ac
lly do in normal daily life and not what they report they
apable of.
Our aim was to analyze the relation between impairm

nd objectively measured activity limitations in upper-li
RPS type I subjects. This study is the first to determ
ow impairments and objectively measured activity lim

ions are interrelated in upper-limb CRPS type I. The
earch questions were: (1) What is the degree of im
ents and activity limitations? (2) What is the relat
etween impairments and activity limitations? (3) Wh

mpairment(s) mainly explain(s) activity limitations? and
o other variables influence the relation between imp
ent and activity limitations?
Arch Phys Med Rehabil Vol 85, April 2004
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METHODS

articipants
Thirty subjects with CRPS type I in 1 upper limb volun-

eered for this cross-sectional study. In 15 subjects, the domi-
ant side was involved and in the other 15 the nondominant
ide. There was only 1 male subject; the average age � standard
eviation (SD) was 55.1�14.9 years (range, 20–81y). Mean
uration of CRPS type I between onset and measurements was
3 months. Inclusion criteria were presence of Veldman’s
riteria13 at diagnosis and ongoing CRPS type I–related com-
laints at enrollment into the study. The criteria of Veldman
ere (1) 4 or 5 of the following: unexplained diffuse pain,
ifferent skin color relative to other side, diffuse edema, dif-
erent skin temperature relative to other side, and limited active
ange of motion (AROM); (2) occurrence or increase of signs
nd symptoms after use; and (3) presence of signs and symp-
oms in an area larger than was initially involved, including the
rea distal to primary injury. These criteria do not substantially
iffer from the International Association for the Study of Pain
IASP) criteria.3,34 Subjects were excluded if comorbidities
ffecting upper-limb usage or general mobility were present.
nformed consent was obtained from all subjects and the study
as approved by the Medical Ethics Committee of Erasmus
C.

mpairment Measures
The Impairment Sum Score11 (ISS), a validated set of 5

tems (temperature, VAS pain, McGill Pain Questionnaire
MPQ], AROM, volume) developed specifically for upper-limb
RPS type I, was used to determine the degree of impairment.
owever, because the ISS, as most other sum scores,4,11,16,35-37

s based on diagnostic criteria, it was considered incomplete to
tudy the present population. Because it has recently been
ecognized that motor impairments are not only prominent in
hronic CRPS type I,8,13,18,19,38-42 but are also a distinct com-
onent to be incorporated in the IASP criteria for it,4 we chose
oss of grip strength as an additional item.

ISS temperature. An infrared thermometera was used
measurement range, 0°–42.2°C; accuracy, �0.2°C). Temper-
ture can be reliably measured dorsally perpendicular to the
iddle of the hand after 10 to 15 minutes acclimatization.43

ormal temperature difference between both hands was set at
.3°C or less.11

ISS-VAS. Pain resulting from effort was measured with a
AS indicated on a 100-mm horizontal line. This is a reliable

nd valid instrument to measure intensity of pain.44

ISS-MPQ. The MPQ is often used in CRPS type I re-
earch.45-47 We used the total number of words chosen by the
ubject from the list of sensory, affective, and evaluative pain
ords from the reliable48 Dutch language version (MPQ-DLV)

o assess pain during the previous week.
ISS-AROM. Maximum AROM within pain threshold was
easured. We determined percentages of normal AROM (in-

olved vs noninvolved side) for the wrist (dorsal and palmar
exion) and metacarpophalangeal and proximal interphalan-
eal (flexion, extension) of the 2 most impaired digits. Each
oint movement was measured 3 times and averaged.11,49,50

ISS volume. Volumetric measurements of the hands were
aken with a volumeter,b which determines fluid overflow. The
ifference in volume between both hands was considered in
elation to the volume of the unimpaired hand. A difference in
olume up to 3.5% was considered normal.11

Strength. A portable hand-held dynamometerc was used,
hich allows quantification and, if performed in a standardized
anner, reproducible and reliable51 determination of grip
rch Phys Med Rehabil Vol 85, April 2004
trength. Only 4-point grip strength was measured because
everal forms of grip strength were well correlated in CRPS
ype I subjects.25 Subjects were instructed to squeeze as hard as
ossible with hands in the lumbrical grip (thumb at bottom and
igits II–IV on top of the device). Strength was measured 3
imes after 1 practice, and the average was calculated for both
he involved and noninvolved side. Oerlemans et al11 converted
he ISS impairment items to a range of 1 to 10 (based on
ntraindividual comparisons for AROM, volume, and temper-
ture of both hands). A score of 1 was interpreted as absence of
hat impairment. To make grip strength comparable with ISS in
he present study we also ascribed intraindividual comparisons
or grip strength on a 1 to 10 scale as follows: 1, strength of the
nvolved side greater than 90% of the noninvolved side, 10,
trength of the involved side between 0% and 10%; interme-
iate strength differences were ascribed scores between 2 and
. This score was added to the 5 ISSs to create the Total
mpairment Score (TIS), which ranged from 6 to 60, with
igher scores indicating more severe impairment.

ctivity Limitation Measures

The ULAM is an extended version of the classic activity
onitor, which was developed and validated in our depart-
ent.52-57 The activity monitor measures mobility-related ac-

ivities such as lying, sitting, standing, walking, cycling, and
eneral movement. This portable device enables detailed, long-
erm ambulatory measurement of what subjects actually do
uring normal daily life and can therefore be used to determine
ctivity level and, if present, activity limitations. The ULAM
as developed to determine activity limitations of subjects
ith disorders related to the upper limbs. It enables one to
etermine whether the upper limbs are active when a subject is
erforming one of the mobility-related activities.32 The com-
ination of mobility-related activities and upper-limb activity
llows one to obtain more specific information than with other
echniques, such as a wrist actigraph or actometer.58-62

Uniaxial piezoresistive acceleration sensors,d attached to the
ubject’ s thighs (sensitive direction in sagittal plane), trunk
sensitive direction in sagittal and longitudinal plane), and
orearms (sensitive direction in sagittal plane being in the
natomic position) were connected to a small recordere that
as worn around the waist (fig 1). The raw acceleration signals

re expressed in g (9.81ms�2) and are a combination of 2
omponents: gravitational acceleration and accelerations due to
ctivity.57,63 The raw data were stored digitally on a 40 mega-
yte flash cardf with a sample frequency of 32Hz and down-
oaded onto a personal computer for subsequent analysis.

Automatic detection of mobility-related activities and upper-
imb activity was done by kinematic analysis based on signal
rocessing and inferencing language routines, yielding C
ode.64 For detection, 3 feature signals (angular, motility, fre-
uency) were derived from each raw acceleration signal (time
esolution, 1s). The subsequent steps of analysis have been
escribed previously.53-55,57,65,66 To detect upper-limb activity,
he ULAM uses the motility feature (finite impulse response
lter, 0.3–16Hz, envelope of the alternating current component
f the acceleration signal), which is the variability around the
ean in the raw acceleration signal expressed in g (9.81ms–1).
his variability can be considered as a measure for the intensity
f upper-limb activity: the more intensely active, the higher the
otility value. For a more technical description of the detection
ethod, see other studies.32,57 Basing our decisions on previous

esearch,33,56 we used the following outcome measures to as-
ess subjects’ limitations.
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Mean intensity of upper-limb activity of the involved side
uring sitting and standing. The mean intensity of upper-
imb activity of the involved side was expressed in mean
scaled) motility values during the time the involved upper
imb was active while the subjects were sitting and standing.
he lower the mean intensity, the more limited the activity.
Percentage of upper-limb activity of the involved side dur-

ng sitting and standing. The percentage of upper-limb ac-
ivity of the involved side was expressed as the percentage of
he time that the involved upper limb was active (ie, exceeding
threshold in the motility value) while the subjects were sitting
nd standing. The lower the percentage of upper-limb activity,
he more limited the activity.

Proportion of activity between upper limbs during sitting
nd standing. The proportion of activity of 1 upper limb
elative to the other was expressed as a ratio: the percentage of
ctivity of the nondominant side relative to that of the dominant
ide. These ratios were normalized according to a reference
alue derived from 10 healthy subjects in an earlier study.33 For
ubjects with dominant side involvement, a ratio higher than 1
as associated with activity limitations. For subjects with
ondominant side involvement, a ratio lower than 1 was asso-
iated with activity limitations. The higher or lower these
espective ratios, the more limited the activity.

Percentage of dynamic mobility-related activities. The
ercentage of the measurement period during which the
ubject performed dynamic mobility-related activities (ie,
alking, cycling, general noncyclic activity) was also used

s a measure of activity limitation. The lower the percentage
f time spent in these activities, the more limited the subject
as in activity.

Fig 1. A subject wearing the ULAM device.
ther Variables
Some demographic variables, such as age, gender, marital

tatus, and employment status, may influence the relation be-
ween impairments and activity. Duration of CRPS type I, time
etween onset and diagnosis, and whether the subject was
eceiving therapy or medication may also influence this rela-
ionship. Involvement of the dominant or nondominant side
hould also be taken into account because the interrelation
etween impairment and activity may differ depending on
hether the dominant side is involved.

rotocol
To reduce interference with normal daily life, the ULAM

as fitted at home and worn for 24 hours. Subjects were
nstructed to continue their ordinary activities, except for
wimming, bathing, or showering. To avoid bias, the exact
echnique and output parameters were not explained: the sub-
ects were just told that the sensors detect movement of body
arts to which they were attached. After 24 hours, the device
as removed, subject characteristics and activities performed
ere noted, and the 6 impairments were measured. At this

tage, the subject was given complete information about what
he ULAM measures: a 24-hour activity pattern of whether the
pper limbs are active or not, plus which mobility-related
ctivity was performed. All subjects agreed with this protocol.
easurements on day 2 took approximately 1.5 hours; the

rder of measurement was the same for each subject, with grip
trength being measured last to avoid provoking physical com-
laints (eg, pain) or increasing temperature.

tatistics
Nonparametric statistical methods were used. We used

pearman rank coefficients to describe correlations between
utcome measures and other variables, the Wilcoxon signed-
ank test to determine whether outcome measures differed
etween involved and noninvolved sides, and the Mann-Whit-
ey U test to determine whether activity-limitation outcome
easures differed between subjects with dominant and non-

ominant side involvement.
After we confirmed that linear regression could analyze the

elation between impairment and activity limitations, we per-
ormed simple linear regression for each dependent variable,
ith impairment outcome measures as independent variables.
tatistically significant (P�.05) impairments that explained
0% or more of the variance in the simple models were
ncluded in the multiple models. Separate regression models
ere made for the 2 subgroups for the proportion of activity
etween both upper limbs during sitting and standing. We used
PSS, version 10.0,g for Windows, for data analysis.

RESULTS

articipant Characteristics
Most subjects were between the age of 40 and 70 years (table

). Only 1 man participated. Overall, the main precipitating
vent was 1 or more fracture(s). Most subjects had CRPS type
for more than 1 year (mean, 32.8�31.3mo; range, 4–143mo).
n about one third of the subjects, the time between onset and
iagnosis was more than 2 months (range, 3–33mo).

mpairments
Impairment scores ranged considerably (table 2): nearly all

ossible values were present for each outcome measure. Me-
ian scores for ISS-AROM, strength, ISS-MPQ, and ISS-VAS
ere higher than the median scores for ISS volume and ISS
Arch Phys Med Rehabil Vol 85, April 2004
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A

emperature. The only impairment that was present to some
egree in all subjects was impaired AROM. No subject was
ompletely unimpaired, as indicated by the minimum TIS of
3. TISs were not related to any of the other variables such as
ge or other demographic variables, duration of CRPS type I,
ime between onset and diagnosis, and having therapy or not.
o significant differences existed between those with dominant

ide and those with nondominant side involvement with respect
o impairment outcome measures or any other variables. The
SS-VAS values did not correlate well with ISS-MPQ (r�.21).

omentary pain (measured by VAS) ranged from 0 to 70mm
median, 13mm) and correlated significantly with ISS-VAS
ain resulting from effort (r�.71, P�.000). Momentary pain
as significantly less than pain resulting from effort (P�.000).

ctivity Limitations
The mean intensity and percentage of upper-limb activity of

he involved side were significantly less than the noninvolved
ide, during both sitting and standing (table 3, top). The per-
entage of dynamic mobility–related activities did not differ
ignificantly between subjects with dominant side involvement
nd those with nondominant side involvement (table 3, bot-
om); also, between these 2 subgroups no significant differ-
nces existed for the mean intensity and percentage of upper-
imb activity of the involved sides. Compared with the mean
ctivity intensity of the dominant (4.04g) and nondominant
3.66g) side of 10 healthy subjects during sitting,33 in these
RPS type I subjects the activity of the involved side was low

3.10g). This finding was also true for the percentage of upper-
imb activity during sitting (healthy subjects: dominant side,
7.5%; nondominant side, 35.6%).

Table 1: Subject Characteristics

Characteristic n %

Age (y)
20–30 2 6.7
31–40 3 10.0
41–50 5 16.7
51–60 10 33.3
61–70 5 16.7
71–80 3 10.0
80� 2 6.7

Gender
Men 1 3.3
Women 29 96.7

Causative event
Fracture 15 50.0
Other 11 36.7
Idiopathic 4 13.3

Time since onset (mo)
0–3 0 0
3–12 9 30
12� 21 70

Time between onset and diagnosis
�2mo 19 63.3
�2mo 11 36.7

Employment
Yes, part-time 7 23.3
No, retired 4 13.3
No, workers’ comp 10 33.3
No, housewife 9 30.0

bbreviation: comp, compensation
rch Phys Med Rehabil Vol 85, April 2004
Table 4 gives on the proportion of activity between both
pper limbs during sitting and standing separately for both
ubgroups. Not all subjects were limited with respect to these
utcome measures: most interquartile ranges included the ref-
rence value. Only 7 subjects (23%) were classified as limited.
ubsequent analysis revealed that, for the subjects with dom-

nant side involvement, limitations in the proportion of upper-
imb activity during sitting were due to a lower percentage of
pper-limb activity of that side; and that, during standing, the
ctivity of the noninvolved (nondominant) upper limb was
ncreased. There was no such increase or decrease of percent-
ge of upper-limb activity in persons with nondominant side
nvolvement.

elation Between Impairments and Activity Limitations

The TIS, ISS-AROM, and strength values were significant in
ach simple model for the mean intensity and percentage of
ctivity of the involved upper limb during sitting and standing
table 5). Further, ISS-VAS and ISS temperature were signif-
cant in both the simple models during sitting. Because age was
onsidered a potential confounder for activity (ie, the older, the
ess active), it was always included in the multiple models. In
he multiple models, AROM (P�.009) and age (P�.001) were
ignificant contributors to the percentage of upper-limb activity
uring standing. The variability in upper-limb outcome mea-
ures explained by impairments and age ranged from 24% to
2%. Because the percentage of activities related to dynamic
obility (avg, 11.3%) performed by CRPS type I subjects did

ot differ from earlier findings in healthy subjects,65,66 indicat-
ng that the CRPS type I subjects were not limited with respect
o mobility, we decided not to make regression models for this
LAM outcome measure.
Regarding the proportion of activity between both upper

imbs during sitting and standing, ISS-AROM and the TIS
ere significant in 3 of the 4 simple regression models made

or both subgroups (table 6). Strength was significant in each
imple model. The multiple regression models for the 2 sub-
roups explained variances ranging from 34% to 57%.

ther Variables

The relative temperature score (the degree to which the
nvolved side is colder or warmer than the noninvolved side)
orrelated significantly (r�.38, P�.037) with the percentage of
pper-limb activity: the colder the hand, the lower the percent-
ge of activity. Also, the involved side of subjects having
RPS type I for more than 12 months was significantly

P�.02) colder than that in subjects whose CRPS type I was of
horter duration. Duration of CRPS type I, time between onset
nd diagnosis, employment status, marital status, and level of
ducation were not related to the upper-limb activity outcome
easures.

Table 2: Impairment Outcome Measures

Impairment (possible range) Median (Range)

ISS-VAS (1–10) 5 (1–10)
ISS-MPQ (1–10) 6 (1–10)
ISS-AROM (1–10) 7 (3–10)
ISS volume (1–10) 2 (1–10)
ISS temperature (1–10) 3 (1–10)
Strength (1–10) 6 (1–10)
TIS (6–60) 31.5 (13–52)
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DISCUSSION

mpairments
The large intersubject variability in magnitude of impair-
ents that we found is in accordance with other studies.11,13

ur mutual impairment correlations did not differ from the
ndings of Oerlemans et al11 in more acute CRPS type I, with

he exception of the present significant correlations between
AS-AROM (r�.50) and VAS volume (r�.37). None of the

mpairments was related to duration of CRPS type I. In our
hronic population, impaired strength, AROM, and pain were
ost prominent, which supports earlier findings that motor

mpairments become more important as the complicated syn-
rome becomes chronic.8,13,18,19,38-42

The AROM was most impaired in our cohort, but it did not
iffer between subjects with multiple fractures or another caus-
tive event. In contrast to other motor impairments, because
ROM and strength are relatively constant throughout the day,

hey were considered more suitable as outcome measures. The
roblem remains, however, that although rigidly standardized
n every aspect, AROM and grip strength measurements may
e subject to considerable systematic and random variation.49,51

e anticipated this problem and sought to mitigate it by
etermining average scores of 3 movements per joint. Geertzen
t al49 also reported AROM differences between the involved
nd noninvolved side in shoulder, elbow, and wrist but did not
onsider these differences clinically relevant because AROM
as within the range needed for normal daily life. Because

mall reductions in mobility—especially in the hand—are
hought to predominantly affect fine motor skills,11 we consid-

Table 4: Proportion of Upper-Limb Activity, Nondominant Versus
Dominant Side Involvement

Side of Involvement
Sitting Standing

Median (IQR) Median (IQR)

Dominant (n�15) 1.20 (0.85–1.61) 1.13 (1.05–1.19)
Nondominant (n�15) 0.88 (0.74–0.98) 0.98 (0.96–1.01)

OTE. Median scores interquartile range (IQR) for the normalized
atios for the proportion of activity between both upper limbs during
itting and standing for both subgroups. For dominant side involve-
ent, a ratio above 1 was associated with activity limitations. For

ondominant side involvement, a ratio below 1 was associated with
ctivity limitations. The higher or lower these respective ratios, the
ore limited a subject was.

Table 3: Activity Limitation, Intra

Activity Limitations Me

Within-Subject Comparison Involved

Intensity sitting (g�100) 3.1
Intensity standing (g�100) 9.9
Percentage sitting (%) 29.2
Percentage standing (%) 72.9

Between-Group Comparison
Do

Involv

Percentage of dynamic mobility activities (%) 10.3
Involved side

Intensity sitting (g�100) 2.9
Intensity standing (g�100) 10.8

Involved side
Percentage sitting (%) 27.7
Percentage standing (%) 72.6
red AROM of wrist and fingers a more important outcome
easure than AROM of shoulder and elbow. We did not find

ther motor impairments such as tremors, spasms, or dystonia
uring the measurements on the second day. These impair-
ents have been reported in small patient groups with more

eneralized and severe CRPS type I8,13,40-42,67 but are not com-
on.16,41,42,68,69 Also, their underlying mechanism is un-

lear.19,40,41,70

Temperature and volume appeared least impaired. Re-
arding skin temperature, Oerlemans11 pointed out that un-
quivocal measurement is difficult because temperature may
hange with time in CRPS type I11,13,71 and may be higher or
ower than on the contralateral side.72,73 Moreover, objective
nd subjective temperature measurements do not always
orrespond in CRPS type I.74 To partly overcome such
alidity problems, we differentiated between a warmer or
older involved side compared with the noninvolved side.
he finding that the involved sides were significantly colder

n CRPS type I of longer duration was in accordance with
ndings from advanced techniques measuring the vascular
eflex response during a complete thermoregulatory cycle.75

o subject was in the acute phase (�3mo), so we cannot
ontribute to the discussion about subsequent stages in
RPS type I.13,68,75-80

The ISS-MPQ correlated poorly with other impairments
oth in our study and in that of Oerlemans.11 The MPQ
ssesses sensory, affective, and evaluative aspects of pain81

nd, for this reason, measures more than impairment level.11

ur data were in accordance with the finding that chronic
ain patients such as those with CRPS type I choose affec-
ive and, especially, evaluative aspects with greater fre-
uency than acute patients.74,82 Sensory indicators tingling,
tiff and nagging, affective indicator tiring, and evaluative
ndicators tolerable/bearable and annoying (MPQ-DLV)
ere indicated most often. The ISS-VAS correlated more

trongly with the ISS-MPQ’ s affective and evaluative as-
ects than with its sensory aspects; although a VAS is
ntended to measure pain intensity, chronic CRPS type I
ubjects may indeed use it to reflect affective and evaluative
spects of pain.11,83 Because acute pain becomes chronic
ain as the syndrome continues, the MPQ is important to
onitor changes over time. Although not all CRPS type I

atients have pain,8,13 it is too important an aspect to quan-
ify using only a simple VAS.25

ct and Intergroup Comparisons

SD Mean � SD P Value

(N�30) Noninvolved Side (N�30) Wilcoxon

99 4.17�1.66 .001
16 12.88�3.38 .001
54 34.64�9.96 .008
.85 78.66�10.06 .002

nt
t (n�15)

Nondominant
Involvement (n�15) Mann-Whitney

04 12.22�5.68 .604

08 3.21�0.91 .455
72 9.11�2.30 .254

56 30.63�7.42 .237
.66 73.23�11.4 .820
subje

an �

Side

0�0.
6�3.
0�8.
6�10

mina
emen

2�4.

8�1.
2�3.

6�9.
9�10
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A

ctivity Limitations
Although our subjects with dominant side involvement were

omewhat less active, in general, CRPS type I in 1 upper limb
oes not appear to limit general mobility. The involved side
as, on average, significantly disused or spared or protected,
uring both sitting and standing. Unfortunately, it was not
ossible to detect to what degree disuse and/or sparing or
rotecting were responsible for this inactivity.32 Moreover,
ecause upper-limb activity during standing in our CRPS type
group did not differ from healthy subjects, upper-limb activity
uring sitting seems to be the most important aspect to inves-
igate when determining activity limitations resulting from an
pper-limb disorder.

Table 5: Relation 1 Between Im

Impairment

Intensity Sitting Intensity St

� Adj R2 �

Simple models
ISS-VAS .12*
ISS-MPQ .00
ISS-AROM .24†

ISS volume .04
ISS temperature .12*
Strength .34‡

TIS .36‡

Multiple models
Age .21 .22
ISS-VAS .03 —
ISS-AROM –.23 –.40
ISS temperature –.31 —
Strength –.35 –.12

Total adjusted R2 .39†

OTE. Mean intensity and percentage of upper-limb activity during
easures are independent variables. For the simple models, the adju

oefficients and the total adjusted R2 are shown for impairments th
alues were not significant in the simple model and are therefore n
bbreviation: Adj, adjusted.
P�.05; †P�.01; ‡P�.001.

Table 6: Relation 2 Between Im

Impairment

Dominant Side Involvement (n�15

Proportion Sitting Proportion

� Adj R2 �

Simple models
ISS-VAS .13
ISS-MPQ .00
ISS-AROM .38†

ISS volume .07
ISS temperature .00
Strength .45†

TIS .21*
Multiple models

Age .41 .36
ISS-AROM –.31 –.57
Strength –.30 –.01

Total adjusted R2 .57†

OTE. Proportion are dependent variables and impairment outcome
he simple models, the adjusted R2 is shown. For the multiple model
hown for impairments that were significant in the simple regressio
odel and are therefore not included in the multiple model.

P�.05; †P�.01.
rch Phys Med Rehabil Vol 85, April 2004
In the present study, the lack of significant differences for
ean intensity and percentage of activity of the involved upper

imb between both subgroups (see table 4) seems to indicate
hat both subgroups were equally limited; however, subjects
ith dominant-side involvement were more limited. With re-

pect to intensity and percentage of upper-limb activity, equal
bsolute values of the dominant and nondominant involved
ides are due to a relatively larger decrease in activity of the
ominant involved side than of the nondominant involved side;
n healthy upper-limb activity, the dominant side is more active
han the nondominant side.84,85 Because our 2 subgroups were
imilar with respect to duration of CRPS type I, impairment
cores, and other relevant variables, one may conclude that the

ents and Activity Limitations

g Percentage Sitting Percentage Standing

R2 � Adj R2 � Adj R2

.12* .00

.00 .00
† .18† .29‡

.07 .00

.04 .00
* .31‡ .12*
* .31‡ .14*

.14 .50 ‡

–.04 —
–.17 –.47 †

— —
–.41 –.03

* .27* .52‡

g and standing are dependent variables and impairment outcome
R2 is shown. For the multiple models, the standardized � regression
re significant in the simple regression models (and age). Negative

cluded in the multiple model.

ents and Activity Limitations

Nondominant Side Involvement (n�15)

ing Proportion Sitting Proportion Standing

j R2 � Adj R2 � Adj R2

2 .08 .00
0 .00 .00
9† .08 .29*
8 .00 .00
0 .06 .14
6* .31* .35*
4 .46† .38†

.28 .14
— –.37

–.56 –.42
3* .34* .37*

sures are independent variables, for both subgroups separately. For
standardized � regression coefficients and the total adjusted R2 are
dels (and age). Negative values were not significant in the simple
pairm

andin

Adj

.00

.00

.23

.06

.00

.15

.14

.24

sittin
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at we
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)
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mpact on normal daily life of CRPS type I in the dominant side
s larger than when the nondominant side is involved. This is in
ccordance with earlier findings and supports the intuitive idea
hat a dominant upper-limb involvement generally has greater
mpact than nondominant involvement. Subjects with dominant
ide involvement who were classified as limited showed a
learly decreased percentage of activity of the involved dom-
nant side during sitting and a clearly increased percentage of
ctivity of the noninvolved (nondominant) side during stand-
ng. It may be relatively easier to activate the noninvolved
nondominant) upper limb to compensate for decreased activity
f the involved limb during standing in order to do what one
ants to do. However, because upper-limb activity during

itting requires more precision skills (fine motor skills, manip-
lative upper limb usage),32 compensating decreased activity of
he involved limb with the noninvolved (nondominant) limb
ay be more difficult during sitting. It was difficult to compare

ur findings with other studies that reported limitations in
7%,24 62%,16 and 78%20 of their subjects with chronic CRPS
ype I because the ULAM measurement technique we used was
ot used in these other studies.

elation Between Impairments and Limitations
Impaired AROM and grip strength and, to a lesser extent,

ain resulting from effort were the most important factors
xplaining variance in activity limitations in normal daily life
n chronic upper-limb CRPS type I. The fact that the TIS was
ignificant in each simple regression model underlines the fact
hat heterogeneous presence of impairments is a complicating
actor when studying the relation between impairment and
ctivity limitation in CRPS type I.11 In our opinion, however, it
ould have been inadequate to take only 1 or a few impair-
ents into account.
In studies by Geertzen et al,16,25 a VAS for perceived activity

imitations (VAS-ADLs) and 2 subscores of the GARS, ADLs
nd instrumental activities of daily life were used as outcome
easures for activity limitations. Pain appeared to be the most

mportant impairment limiting activity.16,25 This finding is in
ontrast to the present findings and could be due to different
perationalization of pain degree.
One may hypothesize that the ULAM is inherently more

elated to motor impairments because it measures only activity
imitations and not other limitations (eg, situation or commu-
ication limitations), thereby being more associated with pain
esulting from effort (activity) than with momentary pain.
owever, the items assessed with the GARS and VAS-ADLs
ere also solely activity limitations. Therefore, we considered

t unlikely that different operationalizations explain why pain
as less important than motor impairments. Moreover, because
ur data on momentary pain did not differ from that of Geert-
en (range, 0–80mm; mean, 12mm), we think this excludes
olunteer and selection bias with respect to pain. The different
esults for pain might have been due to the different charac-
eristics of the instruments used to determine activity limita-
ions: the ULAM is a nonretrospective, objective outcome

easure that quantifies what subjects actually do; it did not
uantify perceived or self-reported limitations as do the VAS-
DLs and GARS.
The importance of motor impairments in chronic CRPS type

has been stressed by Geertzen and others.11,16,19,25 Clinically,
his may indicate that increasing AROM and grip strength as
arly as possible is as (or even more) important than pain
anagement in preventing or reducing CRPS type I–related

omplaints. Our aim was to find out which impairment(s) was
ost prominent and least variable among 30 subjects with

hronic upper-limb CRPS type I and which impairment(s)
xplained most of the variability at the ICF activity level. It
ppeared that motor and sensory impairments were most prom-
nent and equally variable. However, impaired AROM and grip
trength clearly explained a higher percentage of the variability
n activity limitations.

We concluded that the more impaired a subject was, the
ore activity limitations were present. However, caution is

eeded when relating quantified impairment to quantified ac-
ivity limitations.86 The present cross-sectional study does not
llow us to conclude that an impairment always leads to activ-
ty limitations; linear regression analysis does not address
ausality between variables. For example, it cannot be said that
he percentage of activity was less because a hand was colder
r that because of a lower activity percentage a hand becomes
older. This may also partly explain why the relations between
he ICF consequences of a disease are often ambiguous.16,86,87

ur intention was to determine which impairment(s) explained
ost of the variability in activity limitations.

ther Variables
No relationship existed between the duration of CRPS type

and either of the outcome measures. This finding was prob-
bly due to large intersubject variability in the presence and
evereness of impairments and activity limitations. Age was
lways included in the regression models, although it was not
lways significantly related to the activity-limitation outcome
easures. The present subjects were representative of the
RPS type I population with respect to age.13,16,24 Although
RPS type I predominantly affects women,13 men were clearly
nderrepresented in the present study. This homogeneity with
espect to gender should be taken into account when findings
re extrapolated to men with CRPS type I. The present study
learly shows the important influence of the involved side
dominant, nondominant) on the degree of activity limitations.

Similar to Geertzen,16 we found no evidence that early
iagnosis and subsequently early initiation of therapy gives
etter long-term outcome.88 Causative event, employment sta-
us, marital status, and level of education were unrelated to any
f the upper-limb activity outcome measures; this may be due
o the relatively small number of subjects or possible selection
ias. Finally, it cannot be excluded that factors other than those
xamined in the present study need consideration. Other im-
airments such as hyperhydrosis, discoloration, dystonia,
remor, or psychosocial factors such as motivation, kinesiopho-
ia, or presence of social life events may also explain some of
he variance in the activity-limitation outcome measures, but
hese factor were not assessed in the present study.

ractical and Methodologic Issues
Our aim was to use outcome measures that were workable

nd allowed quantification. The outcome measures also had to
e—as far as possible—objective, reliable, and valid in order
o factually describe the impairment-activity limitation rela-
ionship. A potential limitation of this study, however, was its
ross-sectional nature. Because CRPS type I is a chronic dis-
ase with exacerbations and remissions even throughout the
ame day,11 its variability may hamper reliable measurement of
ome of the outcome measures. Despite this challenge the
LAM outcome measures were relatively comprehensive. Al-

hough the cohort’ s small resulted in a potential lack of ex-
lanatory power and biologic variance in daily activity, the
xplained variances in the multiple models were not low.
inear regression was used because there was no colinearity
etween impairment variables. Because of the subject-to-vari-
ble ratio, no independent variables other than impairment and
ge were included in the multiple models.
Arch Phys Med Rehabil Vol 85, April 2004
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A

With a device like the ULAM, activity limitations of sub-
ects with an upper-limb disorder can be viewed from a novel
erspective. The additional value of the ULAM is that it allows
bjective and ambulatory determination of (in-)activity of both
pper limbs while a subject is performing specific mobility-
elated activities. This technique also enables differentiation
etween the impact of dominant side or nondominant side
nvolvement on activity during normal daily life, a topic that
as not previously been investigated. Of course, the new tech-
ique also has some disadvantages.57 The recorder and sensor
ould be smaller and lighter, little is known about between-day
ariability in activity patterns of subjects, and fitting the
LAM at home to reduce interference with normal life is

ime-consuming. In addition, manipulative or fine upper-limb
ctivity, holding of objects, and leaning are currently not 100%
ell detected with the ULAM.32 Because many persons with
pper limb CRPS type I also experience problems with these
ctions, in addition to decreased gross motor activity, the
xplained variances from the regression models probably
ould have been higher had we been able to accurately detect

ll forms of upper-limb usage. Fortunately, developing instru-
ents, such as the ULAM, is an ongoing process of extending

ossibilities and optimizing current properties.

CONCLUSIONS

Thirty subjects with chronic upper limb CRPS type I showed
arge variability in the magnitude of their impairments. All
ubjects were impaired to some degree, but AROM, strength,
nd pain were far more severe than impaired volume or tem-
erature. Subjects with dominant and nondominant side in-
olvement were equally impaired, and both subgroups were
lso comparable with respect to other relevant variables. With
espect to activity limitations, the involved upper limbs were
ll less active for the mean intensity and percentage of upper-
imb activity; the subjects clearly spared or protected their
nvolved side during normal daily life. This impact of upper-
imb CRPS type I was more obvious during sitting than during
tanding. As measured with the ULAM, subjects with domi-
ant side involvement had more activity limitations than sub-
ects with nondominant side involvement.

Analysis of the relation between impairment and activity
imitation showed that impairments associated with upper-limb
RPS type I are not related to the percentage of dynamic
obility-related activities performed. However, impaired
ROM and grip strength and, to a lesser extent, pain resulting

rom effort were the most important factors explaining variance
n activity limitations in normal daily life in our sample base.
he more impaired a subject was, the more activity limitations
ere present.
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