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ABSTRACT 

Aim: Sympathetic system dysfunction has been described among the theories involved in the 

pathophysiology of complex regional pain syndrome. Objective measurement of the sympathetic 

activity of the affected extremity in patients with complex regional pain syndrome has not been 

compared to normal subjects in the literature. The skin conductance monitor is a non-invasive 

monitor that can objectively measure sympathetic skin activity of the extremity. In this study, we 

aimed to compare the differences in sympathetic activity of extremities in subjects with and 

without complex regional pain syndrome by using a skin conductance monitor. 

Material and Methods: Sympathetic skin responses were evaluated in 63 subjects, including 

25 measurements on the affected extremities in 13 patients with lower extremity complex 

regional pain syndrome type 1 and 50 measurements in 50 normal subjects in the control group. 

Among the skin conductance indices, the "peaks per second (0.02)" index was used as the main 

sympathetic skin response index. Descriptive criteria and the mean values of sympathetic skin 

response measurements were compared. 

Results: When sympathetic skin responses were compared with a skin conductance monitor 

using the "peaks per second (0.02)" index, no statistically significant difference was found 

between the complex regional pain syndrome and control groups in terms of sympathetic 

activity in the extremities (p=0.837). 

Conclusion: In this study, skin sympathetic nerve activity in the affected limb of patients with 

complex regional pain syndrome was similar to normal subjects. Further studies are required 

to assess the changes in sympathetic activity in complex regional pain syndrome. 

Keywords: complex regional pain syndrome; reflex sympathetic dystrophy; skin conductance; 

sympathetic system; causalgia. 

 

 

 

ÖZ 

Amaç: Sempatik sinir sistem disfonksiyonu, kompleks bölgesel ağrı sendromu patofizyolojisinde 

yer alan teoriler arasında tanımlanmıştır. Kompleks bölgesel ağrı sendromu olan hastalarda 

etkilenen ekstremitenin sempatik aktivitesinin objektif ölçümü, literatürde normal denekler ile 

karşılaştırılmamıştır. Cilt iletkenlik monitörü, invazif olmayan ve ekstremitenin cilt sempatik 

aktivitesini objektif olarak ölçebilen bir monitördür. Bu çalışmada, kompleks bölgesel ağrı 

sendromu olan ve olmayan deneklerde ekstremitelerin sempatik aktivitesindeki farklılıkların bir 

cilt iletkenlik monitörü kullanılarak karşılaştırılması amaçlanmıştır. 

Gereç ve Yöntemler: Sempatik cilt yanıtları, alt ekstremite kompleks bölgesel ağrı sendromu 

tip 1 olan 13 hastada etkilenen ekstremitelerden alınan 25 ölçüm ve kontrol grubundaki 50 

normal denekten alınan 50 ölçüm olmak üzere 63 denekte değerlendirildi. Cilt iletkenlik 

endeksleri arasında "saniyede tepe sayısı (0,02)" endeksi, ana sempatik cilt yanıt endeksi 

olarak kullanıldı. Tanımlayıcı kriterler ve sempatik cilt yanıt ölçümlerinin ortalama değerleri 

karşılaştırıldı. 

Bulgular: Cilt iletkenlik monitörü ile “saniyede tepe sayısı (0,02)” endeksi kullanılarak 

sempatik cilt yanıtları karşılaştırıldığında, kompleks bölgesel ağrı sendromu olan grup ile 

kompleks bölgesel ağrı sendromu tanısı olmayan kontrol grubu arasında ekstremitelerde 

sempatik aktivite açısından istatistiksel olarak anlamlı bir fark bulunmadı (p=0,837). 

Sonuç: Bu çalışmada, kompleks bölgesel ağrı sendromu olan hastaların etkilenen 

ekstremitelerindeki cilt sempatik sinir aktivitesi, kompleks bölgesel ağrı sendromu tanısı 

olmayan normal denekler ile benzerdi. Kompleks bölgesel ağrı sendromunda sempatik 

aktivitedeki değişiklikleri değerlendirmek için daha ileri çalışmalara ihtiyaç vardır. 

Anahtar kelimeler: kompleks bölgesel ağrı sendromu; refleks sempatik distrofi; cilt 

iletkenliği; sempatik sistem, kozalji. 
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INTRODUCTION 

The definitive pathophysiology of complex regional pain 

syndrome (CRPS) is unknown, but various concepts have 

been proposed (1). Dysfunction of the sympathetic system 

is among the proposed pathophysiological mechanisms (2) 

and is also included in the diagnostic criteria of CRPS (3). 

CRPS is classified into two subtypes (3): CRPS Type 1 and 

CRPS Type 2 (Table 1). CRPS patients may present as a 

warm-CRPS, usually in the early stages, or cold-CRPS, 

usually in the later stages (4). It is proposed that the 

sympathetic dysfunction might be responsible for clinical 

changes in the affected limb, such as under activity of the 

sympathetic nervous system in the warm-CRPS subtype 

and over activity of the sympathetic nervous system in the 

cold-CRPS subtype (2, Table 2). The current evaluations 

of proposed sympathetic changes in the affected limbs 

with CRPS are the indirect measurements of sympathetic 

activity. There is inadequate evidence in the scientific 

literature about the direct and objective measurement of 

the sympathetic activity of the affected limb in patients 

with CRPS. A skin conductance monitor (SCM) is a non-

invasive monitor that can objectively measure the 

sympathetic activity in the limbs (5). 

Skin conductance responses (SCR) can be measured in the 

limbs to reflect the variability of sympathetic nervous 

system activity. SCM is based on the concept that 

sympathetic nerves, when stimulated, act on muscarinic 

receptors in the skin to stimulate the sweat glands. When 

stimulated, the sweat glands secrete a mixture of sodium 

and other electrolytes, which will increase the electrical 

conductance and decrease the electrical resistance on the 

skin surface (6). This phenomenon can be monitored via 

SCM on palm and plantar skin using a computer program. 

The objective of this study was to compare the direct 

sympathetic activity by the use of sympathetic skin 

responses (SSR) in the limbs of subjects with and without 

a diagnosis of CRPS Type 1. 

 

MATERIAL AND METHODS 

After institutional review board (IRB) approval (Hospital 

for Special Surgery, 06.10.2020, 1039), subjects were 

recruited for this study, and written informed consent was 

obtained from each subject. 

 

 

 

Table 1. CRPS, general subtypes (3) 

CRPS Type 1 (RSD) 

        Absence of clinical signs of major peripheral nerve involvement 

CRPS Type 2 (Causalgia) 

        Presence of clinical signs of major peripheral nerve involvement 

CRPS: complex regional pain syndrome 

 
 

Table 2. CRPS, warm vs cold subtypes (1) 

Warm-subtype 

        In the early and acute stages 

        Inflammatory characteristics are dominant 

        Associated with a warm, red, and edematous extremity 

Cold-subtype 

        In the late and chronic stages 

        Autonomic features dominate 

        Associated with a cold, dusky, sweaty extremity 
CRPS: complex regional pain syndrome 

The inclusion criteria include: 

 Patients aged 18-99. 

 Patients who are meeting the 2012 International 

Association for the Study of Pain (IASP) clinical 

criteria (i.e., the Budapest Criteria, Table 3) for CRPS 

(3) and with a clinically cold-CRPS subtype were 

recruited for the CRPS arm of this study. 

 Normal subjects without the diagnosis of CRPS were 

recruited for the control arm. 

The exclusion criteria include: 

 patients having pacemakers, cardiac defibrillators, 

and spinal cord stimulators 

 patients having dermatological conditions in the 

plantar aspect of the foot where SCM electrodes are 

going to be attached 

 History of an allergic reaction to adhesive tape 

 patients with the diagnosis of dysautonomia or 

sympathetic dysfunction (such as Raynaud disease or 

Buerger disease) 

 patients with disorders of sweating (such as acquired 

idiopathic generalized anhidrosis) 

 patients who use vasoactive drugs with the mechanism 

of action that directly influences vascular tone 

The standard data obtained from both groups were as 

follows: Descriptive data including age, gender, body 

mass index (BMI). Skin conductance measurements for 

the "peaks per second (0.02)" index [peaks/sec (0.02) in 

microSiemens] were recorded for 5 minutes in each 

subject. 

We hypothesized that in patients with cold-CRPS, SSRs 

would be higher in the affected extremity than normal 

subjects. 

The SCM is a device that can measure changes in skin 

conductance in real-time to assess sympathetic activity in  

 

 

Table 3. Budapest clinical diagnostic criteria for CRPS (7) 

1. Continuing pain, which is disproportionate to any inciting event 

2. Must report at least one symptom in three of the four 

following categories 

 Sensory: reports of hyperesthesia and/or allodynia 

 Vasomotor: reports of temperature asymmetry and/or 

skin color changes and/or skin color asymmetry 

 Sudomotor/edema: reports of edema and/or sweating 

changes and/or sweating asymmetry 

 Motor/trophic: reports of decreased range of motion 

and/or motor dysfunction (weakness, tremor, dystonia) 

and/or trophic changes (hair, nail, skin) 

3. Must display at least one sign at time of evaluation in two or 

more of the following categories 

 Sensory: evidence of hyperalgesia (to pinprick) and/or 

allodynia (to light touch and/or deep somatic pressure 

and/or joint movement) 

 Vasomotor: evidence of temperature asymmetry and/or 

skin color changes and/or asymmetry 

 Sudomotor/edema: evidence of edema and/or sweating 

changes and/or sweating asymmetry 

 Motor/trophic: evidence of a decreased range of 

motion and/or motor dysfunction (weakness, tremor, 

dystonia) and/or trophic changes (hair, nail, skin) 

4. There is no other diagnosis that better explains the signs and 

symptoms 
CRPS: complex regional pain syndrome 
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the limbs (Med-Storm Innovation version 2005, 

MedStorm, Oslo, Norway). Measurements can be obtained 

by use of three self-adhesive non-invasive electrodes 

denoted C (Current), R (Reference), and M 

(Measurement), and these electrodes can be attached to the 

palmar or plantar side of the skin (8-10). The definition of 

a skin conductance response is the sequence of the 

minimum followed by a maximum in conductance values 

in micro siemens (μS). The SCR can be calculated in real-

time, is typically analyzed in a sliding 15 seconds window, 

and updated each second (10). The measurements were 

recorded for 5 minutes in each subject. 

The measurement unit uses the C and R electrodes in a 

feedback configuration to apply an exact and constant 

alternating voltage between the R and M electrodes. The 

return current from the M-electrode is recorded, as its 

value provides direct information on the skin conductance. 

The recorded alternating current signal is subjected to 

advanced filtering, removing noise and interference before 

the signal is sent on to the display computer (8-10). The 

system can measure conductance values in the range 1-

200 μS, with a noise level below 0.002 μS. The measuring 

unit also has error detection that provides a warning for 

events caused by a loose electrode and external 

interference (8-10). The threshold for SCR recordings in 

this study was 0.02 μS. 

Electrodes containing AgCl are used, and the measuring 

area under the M-electrode is critical because the SCR 

reflects the number of sweat glands below the electrode. 

The density of sweat glands on the palmar and plantar 

surface of hand/foot is consistent in normal subjects. The 

M-electrode is suited for the indices in the SCM (9,10). 

The "peaks per second (0.02)" is a skin conductance 

monitor index that measures the frequency of sympathetic 

discharges at the skin and was reported to be the most 

reliable index for measurement of the skin sympathetic 

activity (9,11). 

Sympathetic skin responses were evaluated in 63 subjects, 

including 13 patients with lower extremity CRPS Type 1 

(cold subtype) and a healthy control group including 50 

individuals. SSRs were recorded on the affected 

extremities of patients with CRPS and normal extremities 

of the control group. A total of 25 SSR measurements were 

recorded on different days in 13 patients with CRPS. If 

more than one SSR measurement was obtained in a patient 

with CRPS, the mean value was used. In the control group, 

a total of 50 SSR measurements were recorded in 50 

healthy individuals. The "peaks per second (0.02)" index, 

which is reported to be the most reliable index for 

measuring sympathetic skin activity, was used as the main 

SSR index in this study. Descriptive criteria and the mean 

value of SSR measurements were compared in both 

groups. 

A clinically meaningful difference in time to determine 

SSR between the CRPS group and the normal group was 

taken to be five minutes (300 seconds). Assuming a 

standard deviation of 180 seconds, 20 measurements 

would provide 80% power to detect a 300-second 

difference in time to determine SSR between the CRPS 

and normal groups. Besides, skin conductance activity has 

shown a statistically significant increase during painful 

events in several studies (9,10,12-19). In these studies, the 

number of patients to obtain statistically significant 

changes was between 20 and 75. Therefore, in this study, 

we estimated that 25 measurements in the CRPS group and 

50 measurements in the normal (without CRPS) group 

would be appropriate to study how the SCR correlates with 

sympathetic activity between each group. 

The study design made it impossible to blind the 

participants. 

Statistical Analysis 

Demographics were presented descriptively and compared 

between the CRPS and the control group. Continuous 

variables are summarized as means with standard 

deviations. Categorical variables are summarized as 

counts and percentages. For our primary outcome of 

interest, mean SSR recordings using the "peaks per second 

(0.02)" index was compared between the CRPS and the 

control group using two-sample t-test. We tested normality 

of the SSR before conduction t-test, Shapiro-Wilk test for 

normality, p=0.173. The data was normal; therefore, we 

used a t-test for comparison. All statistical hypothesis tests 

were two-sided, with p values of less than 0.05 defined as 

statistically significant. All statistical analyses were 

performed using SAS version 9.4 (SAS Institute, Cary, 

NC). The data were compared statistically by a 

biostatistician who was not involved with the data 

collection process and was also blinded to this study's 

hypotheses and data groups.  

 

RESULTS 

Descriptive statistics are shown in Table 4. There was no 

statistically significant difference in regards to gender 

between the two groups (p=0.536). There were statistically 

significant differences in the age and BMI between the two 

groups (p=0.016 and p=0.001, respectively). 

When SSR were compared with a SCM using the "peaks 

per second (0.02)" index, no statistically significant 

difference was found between the CRPS and control 

groups in terms of sympathetic activity in the extremities 

(p=0.837, Table 5). 

 

DISCUSSION 

In this study, we used SSR via SCM to reflect the variability 

of the sympathetic nervous system on the limbs in patients 

with CRPS. We compared it to similar data obtained from 

healthy subjects. The definitive pathophysiology of CRPS  

 

 
 

Table 4. Comparison of demographic characteristics 

 Control (n=50) CRPS (n=13) p 

Gender, n (%) 

          Female 

          Male 

 

26 (52.0) 

24 (48.0) 

 

5 (38.5) 

8 (61.5) 

 

0.536 

Age, mean (SD) 64.11 (8.71) 53.46 (13.34) 0.016 

BMI, mean (SD) 30.47 (6.25) 26.29 (2.74) 0.001 

CRPS: complex regional pain syndrome, SD: standard deviation, BMI: 

body mass index 

 

 

Table 5. Comparison of sympathetic skin responses 

 Control (n=50) CRPS (n=25) p 

Mean (SD) 

[Min-Max] 

0.06 (0.09) 

[0-0.31] 

0.07 (0.07) 

[0-0.22] 
0.837 

CRPS: complex regional pain syndrome, SD: standard deviation 
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is unknown, but various concepts have been proposed (1). 

Dysfunction of the sympathetic system is among the 

proposed pathophysiological mechanisms (2) and is also 

included in the diagnostic criteria of CRPS (3). CRPS is 

classified into two subtypes: CRPS Type 1 and Type 2. (3). 

CRPS patients may present as a warm-CRPS, usually in the 

early stages, or cold-CRPS, usually in the later stages (4). 

It is proposed that the sympathetic dysfunction might be 

responsible for clinical changes in the affected limb, such 

as under activity of the sympathetic nervous system in the 

warm-CRPS subtype and over activity of the sympathetic 

nervous system in the cold-CRPS subtype (2). The current 

evaluation of proposed sympathetic changes in the affected 

limbs with CRPS is an indirect measurement of 

sympathetic activity. There is inadequate evidence in the 

medical literature about the direct and objective 

measurement of the sympathetic activity of the affected 

limb in patients with CRPS. A skin conductance monitor 

(SCM) is a non-invasive monitor that can objectively 

measure the sympathetic activity in the limbs (5). 

The evaluation of sympathetic activity in current practice 

is based on observation of clinical signs such as color 

changes due to increased blood flow, dilated cutaneous 

blood vessels, edema, and skin temperature monitoring. 

These clinical signs are often unpredictable, and various 

confounding factors like ambient temperature may 

influence the outcome. Hence, we propose using an 

objective evaluation method of sympathetic nerve activity 

via a SCM (MedStorm, Oslo, Norway). SCM is based on 

the concept that sympathetic nerves, when stimulated, act 

on muscarinic receptors in the skin to stimulate the sweat 

glands. When stimulated, the sweat glands secrete a 

mixture of sodium and other electrolytes, which will 

increase the electrical conductance and decrease the 

electric resistance on the skin surface (6). This 

phenomenon can be monitored via SCM on palm and 

plantar skin using a computer program. Various types of 

indices may be utilized that were incorporated into the 

software of SCM. Among these indices, an index, known 

as "peaks per second (0.02)", is a better indicator of the 

frequency of sympathetic discharges at the skin level (11). 

Therefore, we elected to use the "peaks per second (0.02)" 

index among SCM indices to compare the groups with and 

without a diagnosis of CRPS. 

There was no difference in regards to gender between the 

two groups. There was a statistically significant difference 

in age and BMI, indicating the older age and higher BMI 

for the control group. However, it is unlikely that age and 

BMI interfere with skin conductance measurements (9). 

This study did not demonstrate a significant difference 

between baseline sympathetic activity, measured by SCM 

by utilizing "peaks per second (0.02)" index, in the limbs 

of patients with and without CRPS. SCM has been shown 

to measure sympathetic activity in normal skin (9). 

Clinically, skin trophic changes are commonly observed in 

the advanced stages of CRPS, such as in the cold-CRPS 

subtype (1). Moreover, microscopic pathological changes 

have been documented in the skin biopsies taken from 

patients with CRPS (20,21). It is also possible that these 

pathological changes may reduce the sensitivity of the 

SCM device and may not reflect the actual variations in the 

sympathetic activity of the limb that could have been 

otherwise detected in normal subjects. Further studies are 

needed to explore the sensitivity of other skin conductance 

indices and the potential contribution of other factors such 

as skin trophic changes to the skin sympathetic activity 

measurements via SCM. 

The study design made it impossible to blind the 

participants and the data collectors. However, the 

biostatistician was blinded to study groups, the hypotheses 

of this study and was not involved in the data collection 

process. The other limitation of this study was that the 

number of subjects was different in each group. CRPS is a 

rare condition in the general population and often goes 

unrecognized by the medical community. The incidence of 

CRPS is approximately 5% in the orthopedic patient 

population after trauma or surgery (1). Among the patients 

with a diagnosis of CRPS, about 20% becomes chronic and 

progresses to a cold-CRPS subtype that clinically presents 

with the increased sympathetic activity such as the cold 

and clammy extremities (1). Therefore, the number of 

patients recruited for the cold-CRPS arm was limited to 13 

patients during the study period, in whom a total of 25 SSR 

measurements were obtained. 

 

CONCLUSION 

According to this study, skin sympathetic nerve activity in 

the affected limb of patients with CRPS was similar to 

normal subjects without the diagnosis of CRPS. Further 

studies are required to assess the changes in sympathetic 

activity in CRPS. 
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