
Microvascular Research 148 (2023) 104540

Available online 20 April 2023
0026-2862/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Microcirculatory response to cold stress test in the healthy hand 

Hedvig Detert a,b,*,1, Astrid Karlernäs b,1, Carin Rubensson a,b, Erika Nyman a,b, Erik Tesselaar c, 
Simon Farnebo a,b 

a Department of Biomedical and Clinical Sciences, Faculty of Medicine and Health Sciences, Linköping University, Linköping, Sweden 
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A B S T R A C T   

Objective: Cold sensitivity of the fingers is common in several conditions. It has been linked to digital vasospasm, 
microvascular dysfunction, and neural mechanisms. This study aimed to investigate the normal digital micro-
vascular response to a cold stress test in healthy individuals using Laser Speckle Contrast Imaging (LSCI). 
Methods: Twenty-six healthy individuals, mean age 31 (SD 9) years were included. Skin perfusion of digits II-V 
was measured using Laser Speckle Contrast Imaging before and after a standardized cold stress test. Changes in 
skin perfusion from baseline were analyzed between hands, digits, and sexes. 
Results: Skin perfusion was significantly (p < 0.0001) affected by cold provocation in both the cold exposed and 
the contralateral hands in all participants of the study. This effect was significantly different between the radial 
(digit II and III) and the ulnar (digit V) side of the hands (p < 0.001). There was a trend towards a larger decrease 
in perfusion in men (ns), and a faster recovery to baseline values in women (ns). A larger inter subject variability 
was seen in perfusion values in women. 
Conclusions: The normal microvascular response to cold provocation may involve both centrally and regionally 
mediated processes. When exposing one hand to a cold stress test, the contralateral hand responds with simul-
taneous but smaller decreases in perfusion.   

1. Introduction 

Hands and feet are important thermoregulators of the body (Taylor 
et al., 2014). The normal physiological response to cold exposure of the 
hands includes a decrease in finger temperature and blanching of fin-
gers, indicating that microvascular blood flow decreases because of the 
exposure (Cheung, 2015). In pathological conditions, such as in auto-
immune connective tissue diseases, Raynaud’s phenomenon, or after an 
injury to the hand, these responses are more pronounced and the return 
to normal blood flow slower (Rosato et al., 2011; Della Rossa et al., 
2013). Such responses are often referred to as cold sensitivity or cold 
intolerance (Campbell and Kay, 1998), and are associated with experi-
ences of pain, sensory changes, weakness and stiffness, with or without 
discoloration (Irwin et al., 1997). Cold sensitivity has further been 
associated with high levels of disability and poor health-related quality 
of life (Carlsson et al., 2010; Novak and Mackinnon, 2016). Cold 

sensitivity often remains a debilitating symptom that is often persistent 
(Collins et al., 1996). 

To better understand the mechanisms involved in cold sensitivity, it 
is important to thoroughly understand the normal physiologic response 
to cold exposure. Considering that the sensory function of the hand is 
controlled by different nerve trunks, and assuming that neural mecha-
nisms may be involved (Cheung, 2015), the question arises whether 
these physiological responses differ between radial fingers innervated 
by the median nerve or ulnar fingers innervated by the ulnar nerve. 

Earlier studies have been performed to investigate the reaction of the 
fingers to a cold stress test. These studies have, however, been limited to 
measurements on isolated fingers and single point measurements on 
very small measurement areas in single fingers, preferentially using laser 
doppler flowmetry (LDF) techniques (Rosato et al., 2011; Kanetaka 
et al., 2004) and thermography techniques (Ruijs et al., 2009). With 
Laser Speckle Contrast Imaging (LSCI), which is a camera-based method, 
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changes in skin blood flow in the hands can be measured with a much 
higher spatial and temporal resolution as it allows for video recordings 
of all fingers and both hands simultaneously (Mirdell et al., 2019a; 
Heeman et al., 2019; Guven et al., 2023). LCSI is an optical method 
which uses a divergent laser to illuminate the area being measured. 
When an area is illuminated the laser light is backscattered after inter-
action with a biological tissue and then forms an interference pattern 
(speckle pattern) which is captured by the detector. The variance in the 
observed speckle pattern is quantified through analysis of pixel fields. At 
the wavelength in question the variance in the speckle patterns arises 
mainly due to motion of hemoglobin molecules and correlates strongly 
to the perfusion of the tissue (Heeman et al., 2019; Senarathna et al., 
2013). The advantage of the LSCI, to the LDF is that it offers the possi-
bility of examining larger areas simultaneously over an extended period 
of time (Roustit et al., 2010), and hence performing for example ana-
lyses of vasomotion in large areas, for in depth analysis of autonomic 
functions of the microcirculation. This may, in the future, be used for 
clinical follow up of patients with for example Raynaud’s phenomenon, 
systemic sclerosis and cold sensitivity after injuries to the hand (Della 
Rossa et al., 2013). It can also provide an assessment tool for treatment 
results in patients suffering from cold sensitivity due to an injury to the 
hand or other diagnoses with disturbed microcirculation. In the clinical 
setting, the possibility also arises of investigating the healthy hand and 
the injured hand of the same patient simultaneously. 

A recent study by Stjernbrandt et al. used LSCI to investigate the 
microcirculatory pattern in individuals who experienced cold sensitivity 
but without underlying traumatic injuries to the hand. Their findings 
included disturbances in the microvascular regulation and it was stated 
that LSCI could be a useful tool in future studies on cold sensitivity 
(Stjernbrandt et al., 2020), and that LSCI’s large spatial resolution had 
the ability to test if cold stimulation has central microcirculatory effects 
on the contralateral hand. It has not been clearly elucidated if there is a 
difference in the reaction to cold exposure between men and women, 
and if sex hormones have an impact on the microcirculation after cold 
exposure (Bartelink et al., 1993; Jay and Havenith, 2004). Recent 
studies indicate that there is no such difference in the response to a cold 
stress test under normoxic conditions (Hohenauer et al., 2022), however 
this has not been studied with the benefits of the LSCI system. 

The overall aim of this study was therefore to investigate the phys-
iological digital microvascular response to a standardized cold stress test 
over time in healthy individuals using Laser Speckle Contrast Imaging 
(LSCI). We also wanted to investigate the response in the contralateral 
hand when the other hand was exposed to cold, and whether there was a 
difference in normal response to cold exposure in between the sexes. It 
was hypothesized that there is a difference in reaction pattern between 
the fingers innervated by the median nerve (radial fingers) and the 
fingers innervated by the ulnar nerve (ulnar fingers). A slower return to 
baseline was suspected, due to cold sensitivity being more common in 
patients with ulnar nerve injuries than in median nerve injuries (Lenoble 
et al., 1990). 

2. Materials and methods 

2.1. Participants 

Twenty-six healthy individuals were included in the study (Table 1). 
They were recruited by advertisement on flyers placed around Link-
öping University hospital and the Medical Faculty of Linköping Uni-
versity. The inclusion criteria were age between 18 and 60 years, non- 
smokers, healthy without any ongoing medication (excluding oral con-
traceptives and hormonal replacement therapy) and without patholog-
ical cold sensitivity. The exclusion criteria were previous nerve injury of 
the hand, pharmacological treatment (except for contraceptives), 
smoking or nicotine use, previous surgery to the hand, neuropathies of 
the hand, severe cold sensitivity and not being able to understand 
Swedish in oral or written language. The study participants were 

requested to abstain from caffeine intake at the days of the study and to 
abstain from strenuous physical exercise two hours prior to the experi-
ments. The study was done at Linköping University Hospital between 
March 2019 and March 2020. Before the inclusion the participants gave 
their oral informed consent. The study was approved by the Linköping 
University Ethics Board (2018/187-31). 

2.2. Equipment 

Changes in microvascular perfusion in the digits were measured 
using Laser Speckle Contrast Imaging (PeriCam PSI System, Perimed AB, 
Järfälla, Sweden). The LSCI uses a near infrared laser, operating at a 
wavelength of 785 nm and with a resolution of up to 33 μm/pixel. The 
measurement distance was set to 30-35 cm and at the given distance, the 
resolution was around 1.3 measurement points/mm2. The images in the 
study were acquired with 5,3 images/s. The LSCI technique has been 
considered a reliable technique compared to other commonly used 
techniques for monitoring the blood flow and has also shown excellent 
reproducibility (Roustit et al., 2010). This has been investigated in 
studies of reconstructive surgery to assess tissue viability (Berggren 
et al., 2021a; Zötterman et al., 2019; Zötterman et al., 2020; Berggren 
et al., 2021b) and in the assessment of burn wound healing (Mirdell 
et al., 2019b; Mirdell et al., 2018), as well as in the dermatological 
(Margouta et al., 2022) and ophthalmological field (Heeman et al., 
2019). The main source of error to the method is considered to be the 
susceptibility to motion artifacts (Mahé et al., 2011). 

The LSCI system was calibrated according to the manufacturer’s 
guidelines (PeriCam psi System, Perimed AB Järfälla Sweden). 

2.3. Cold stress test 

Cold stress tests were performed according to the method described 
in ISO 14835-1:2016, which is designed for evaluation of peripheral 
vascular function in several conditions such as Hand-arm-vibration 
syndrome (HAVS) (Standardization IOf, 2016). 

Study participants were seated with their feet stable on the floor and 
arms resting on the armrests to minimize disturbances. The hands were 
placed on a desk with the palmar side down, the thumbs and the index 
fingers pointed towards each other and with a small space between each 
fingertip. The hands were placed on a green non reflective surgical sheet 
under the LSCI camera perpendicular at a distance of 30–35 cm (Fig. 1a). 
Each participant was then acclimatized to room temperature for 25 min 
while measuring the perfusion (Fig. 1b). The mean room temperature 
was 21,9 ◦C (SD 0,5 ◦C). After the initial baseline recording, the regis-
tration was paused shortly to equip the right hand with a water-proof 
glove to avoid subsequent evaporation-effects upon emerging (Suizu 
and Harada, 2005). The right hand was then completely immersed, to 5 
cm distal to the radiocarpal joint, into a water bath with a temperature 
of 11.9 ± 0.2 ◦C for 5 min. At minute 1 and 5 the participants were asked 
about current experience of pain or discomfort according to a Numerical 
Rating Scale (NRS scale). During the cold provocation, the perfusion in 
the other, non-exposed hand was continuously registered with a 

Table 1 
Demographics of the participants.   

Mean (SD) 

Number of participants 26 
Age (years) 31 (9) 
Sex (male/female) 13/13 
BMI (kg/m2) 24 (4) 
Dexterity (dx/sin) 24/2 
Blood pressure (mm Hg) 119/76 (16/10) 
Saturation (%) 99 (1) 
Pulse/min 68 (10) 

BMI = Body Mass Index, SD = standard deviation, Dx = Dexter, Sin 
= Sinister. 
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temporal resolution of 1 image per second. When 5 min had passed, the 
recording was paused again while the cold-exposed hand was taken out 
of the water and the glove removed. The hand was then again placed 
under the LSCI camera to continue the perfusion measurement for 
another 25 min. During this time, the participant was repeatedly asked 
about experiences of pain or discomfort at 1, 5, 6, 10 and 15 min after 
the initiation of the cold provocation (Fig. 2). After a recovery time of 
25 min the registration was completed. The total duration of the regis-
tration was 55 min. After the recording the saturation, pulse and blood 
pressure were measured with a pulse oximeter and an automatic blood 
pressure cuff on the left index finger and left arm respectively (Table 1). 

2.4. Data analysis 

The images were analyzed using the LSCI system’s software (PimSoft 
1.5, Perimed AB, Järfälla, Sweden). Circular regions of interest (ROI) 
were placed on the nailbed of digits II to V of both hands. The ROI were 
marked manually in the first images and then adjusted to correct for 

movement of the hands in subsequent images. In each ROI and for each 
image, the mean perfusion was calculated by the software and presented 
in perfusion units (PU) as earlier described (Heeman et al., 2019; Sen-
arathna et al., 2013). Mean perfusion values were then exported for 
further statistical analysis. The mean perfusion values in each ROI were 
analyzed at specific time points: at 5 min before CST, and at 1, 5 and 20 
min after the CST. Measurements at 1, 5 and 20 min after the CST are 
presented as change from baseline (i.e., perfusion value 5 min before the 
CST). We used the D’Agostino and Pearson normality test to check for 
normality of the data. The results indicated that the data were normally 
distributed, with a few exceptions as a result of outliers, mainly during 
cold provocation. 

Differences in perfusion between cold-exposed and contralateral 
hands, between the radial digits (II, III) and the ulnar digits (IV and V) 
and between women and men were analyzed using two-way analysis of 
variance. Sidak’s post-tests were used to correct for multiple compari-
sons. In the analyses of differences between digits, digit IV was excluded 
because of its double innervation by both the median and ulnar nerves. 

Fig. 1. Placement of the hands for measurement of skin blood flow before and after cold stress test (left). Laser Speckle Contrast Imaging software showing trend in 
average perfusion, perfusion map, intensity image and live image (right). 

Fig. 2. Change in microvascular perfusion in the fingertips of digits II and V of the hands before (0–25 min) during (25–30 min) and after (30–50 min) cold stress test 
of the right hand. Error bars are left out for clarity. NRS: Numerical Rating Scale. PU: perfusion units. 
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Effect sizes were calculated using Cohen’s d. 
All statistical analyses were done using GraphPad Prism (version 

9.0.0, GraphPad Software, San Diego, CA). A p-value of <0.05 was 
considered statistically significant. 

3. Results 

All study participants tolerated the experiments. An overview of the 
physiological parameters of the participants is given in Table 1. 

Mean (SD) values of absolute perfusion, relative (%) change from 
baseline, and effect sizes in digits II-V at baseline, 1 min after the start of 
CST and 5 and 20 min after the CST are shown in Table 2 for women, 
men, and all participants. 

The typical change in perfusion in the fingertips before (0–25 min), 
during (25–30 min) and after (30–50 min) the CST is shown in Fig. 2. In 
the cold exposed hand, the perfusion was significantly reduced for at 
least 20 min after the exposure. During the CST, a pronounced decrease 
in the perfusion was seen in all fingers of the contralateral hand, which 
recovered within 5 min after the initiation of the CST. 

Baseline perfusion values are further presented in Fig. 3. At baseline, 
there was no significant difference in perfusion between digits. For all 
time points after the CST (1, 5, 20 min) (Fig. 4), there was a significant 
difference in perfusion between the radial fingers (dig II-III) and the 
ulnar finger (dig V) that was subject to the CST (p < 0.001). No signif-
icant difference between the radial and ulnar fingers was seen for the 
contralateral hand (p > 0.08) (Fig. 2). The effects described above are 
seen in both men and women, and there was no difference in perfusion 
in radial or ulnar fingers between men and women (Fig. 3). Although the 
decrease in perfusion after CST appeared larger in men and the recovery 
to baseline appeared slower than in women, the difference in perfusion 
at 1, 5 or 20 min after CST between men and women was not statistically 
significant. In general, a larger interindividual variability was seen in 
perfusion values in women compared to men throughout the test pro-
tocol (Fig. 3). 

The degree of discomfort at all time points is included in Fig. 2. There 
was no significant difference in how the participants rated their cold 

tolerance in normal life between men and women (p = 0.39, data not 
shown), measured by NRS. At the end of the CST at 5 min there was no 
difference in discomfort between men and women (p = 0.65). The 
highest degree of discomfort was found at 5 min during the CST. The 
degree of discomfort rapidly returned to normal after the CST was dis-
continued and returned to 0 at 10 min. 

4. Discussion 

The aim of this study was to investigate the possibility of using LSCI 
for continuous measurement of the skin perfusion of both hands when 
exposing one hand to cold. It was also hypothesized that a difference in 
perfusion would be seen between the radial and the ulnar side fingers. 
Skin perfusion was significantly affected by cold provocation in both the 
cold exposed and the contralateral hands in all participants of the study. 
This effect was significantly different between the radial (digit II and III) 
and the ulnar (digit V) side of the hands. There was a trend towards a 
larger decrease in perfusion in men (ns), and a faster recovery to base-
line values in women (ns). A larger inter subject variability was also seen 
in perfusion values in women. 

When exposed to cold, the blood flow to the hand is rapidly 
decreased, likely due to a vasoconstriction mediated by the sympathetic 
nervous system. In case of a prolonged period of cold exposure, a 
compensatory temporary vasodilatation, cold-induced vasodilatation 
(CIVD) is commonly observed. CIVD has been suggested as a protective 
mechanism to avoid damages to the extremities (Ruijs et al., 2011). 

In this study one hand was exposed to CST and the other one served 
as control. We were not able to study perfusion changes in the exposed 
hand during the actual cold exposure, as this hand was immersed into 
the water bath. However, we found an initial, rapid decrease in perfu-
sion in the contralateral control hand as soon as the exposed hand was 
placed in the cold water. This was followed by an increase in perfusion 
after about 1 min. One might hypothesize that the same pattern would 
be seen also in the cold exposed hand, as a sign of the CIVD, however this 
is hard to test for with LSCI. The vasoconstriction in the non-exposed 
hand was found to be much more rapidly reversed, compared to in the 

Table 2 
Absolute perfusion values and perfusion changes from baseline.    

Baseline Cold provocation 5 min 20 min 

Abs. Abs. % change Eff. size Abs. % change Eff. size Abs. % change Eff. size 

Cold hand 
Digit II Women 148 (57) 91 (48) − 36 (22) 1,1 105 (49) − 27 (19) 0,8 115 (67) − 24 (31) 0,5 

Men 144 (36) 85 (28) − 33 (47) 1,8 90 (31) − 29 (48) 1,6 107 (41) − 22 (31) 1,0 
All 146 (47) 88 (39) − 35 (36) 1,3 98 (41) − 28 (36) 1,1 111 (54) − 23 (30) 0,7 

Digit III Women 143 (57) 93 (57) − 32 (27) 0,9 108 (57) − 23 (23) 0,6 117 (69) − 18 (37) 0,4 
Men 141 (27) 80 (29) − 39 (38) 2,2 84 (28) − 36 (37) 2,1 97 (37) − 29 (29) 1,4 
All 142 (44) 86 (45) − 36 (33) 1,3 96 (45) − 29 (31) 1,0 107 (55) − 24 (33) 0,7 

Digit IV Women 146 (63) 90 (49) − 35 (22) 1,0 105 (52) − 26 (19) 0,7 119 (72) − 21 (25) 0,4 
Men 136 (30) 80 (28) − 34 (47) 1,9 87 (27) − 29 (46) 1,7 108 (38) − 17 (35) 0,8 
All 141 (48) 85 (39) − 35 (36) 1,3 96 (41) − 28 (34) 1,0 114 (57) − 19 (30) 0,5 

Digit V Women 124 (57) 90 (51) − 22 (31) 0,6 105 (50) − 11 (25) 0,4 111 (71) − 11 (35) 0,2 
Men 132 (35) 86 (27) − 24 (56) 1,5 93 (22) − 17 (58) 1,4 106 (36) − 12 (44) 0,7 
All 128 (47) 88 (40) − 23 (44) 0,9 99 (39) − 14 (44) 0,7 109 (55) − 12 (39) 0,4  

Contralateral hand 
Digit II Women 130 (48) 73 (35) − 43 (12) 1,4 115 (58) − 15 (23) 0,3 122 (64) − 10 (27) 0,1 

Men 134 (44) 97 (32) − 30 (22) 1,0 147 (35) 6 (25) − 0,3 134 (20) − 3 (16) 0,0 
All 132 (45) 86 (35) − 36 (18) 1,2 131 (50) − 4 (26) 0,0 128 (47) − 7 (22) 0,1 

Digit III Women 133 (57) 74 (45) − 44 (15) 1,2 120 (66) − 11 (27) 0,2 135 (66) 1 (28) 0,0 
Men 146 (27) 97 (29) − 32 (20) 1,8 149 (29) 4 (25) − 0,1 131 (24) − 10 (14) 0,6 
All 140 (44) 86 (39) − 38 (18) 1,3 134 (52) − 4 (27) 0,1 133 (49) − 4 (22) 0,2 

Digit IV Women 140 (57) 78 (51) − 46 (13) 1,1 128 (75) − 12 (29) 0,2 136 (69) − 5 (28) 0,1 
Men 140 (24) 94 (29) − 32 (21) 1,7 142 (26) 4 (27) − 0,1 127 (22) − 9 (15) 0,6 
All 140 (43) 86 (41) − 39 (19) 1,3 135 (55) − 4 (29) 0,1 131 (51) − 7 (22) 0,2 

Digit V Women 130 (60) 76 (45) − 38 (17) 1,0 116 (70) − 14 (25) 0,2 119 (64) − 10 (24) 0,2 
Men 140 (24) 96 (30) − 30 (21) 1,6 144 (27) 5 (21) − 0,2 124 (23) − 11 (11) 0,7 
All 135 (45) 86 (39) − 34 (19) 1,2 130 (54) − 4 (25) 0,1 122 (47) − 10 (18) 0,3 

Abs.: absolute perfusion value, % = % change from baseline, eff. size = effect size. 
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hand that was exposed to the CST. The finding that, during CST, the 
perfusion is affected in the hand that is not exposed to cold, confirms 
previous data suggesting that central mechanisms (Cheung, 2015) are 
involved in perfusion changes in the digits in reaction to a CST in healthy 
individuals. 

The mechanisms involved in cold sensitivity are still unclear, but it 
has been suggested that vascular mechanisms, as well as central and 
peripheral neural mechanisms are involved in altering the microvas-
cular blood flow after exposure to low temperatures. In a retrospective 

paper by Klocker et al. (2012), patients who had undergone arterial 
repair after upper extremity injuries presented with cold intolerance, 
without having a concomitant nerve injury. This may indicate that cold 
intolerance is not only mediated through the sympathetic nervous sys-
tem, but also by local circulatory regulation. Similar conclusions have 
been drawn from studies on patients with recurrent digital ischemia, 
where periarterial sympathectomy has been used to reduce symptoms 
(Rudolph et al., 2021). Furthermore, a discrepancy has been demon-
strated between patients that were improved by a pre-operative 

Fig. 3. Baseline perfusion in digits II-V of the left and right hands of women (n = 13) and men (n = 13).  

Fig. 4. Box plots showing the change in perfusion from baseline during the first, fifth and 20th minute after cold stress test in the cold-exposed and the non-exposed 
hand in women (n = 13) and men (n = 13). In the cold-exposed hands, perfusion in all digits was significantly reduced at all three time points after cold stress test (p 
< 0.0001). In the non-exposed hands, perfusion was decreased in all digits only during the first minute after cold stress test, as indicated by asterisks (p < 0.001). 
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sympathetic block compared to those who improved by periarterial 
sympathectomy, indicating that release of local constriction rather than 
sympathetic block alone may explain clinical improvement (Rudolph 
et al., 2021). 

The present study shows a difference in the perfusion of fingers 
innervated by the median nerve and by the ulnar nerve when being 
exposed to cold. This difference was not seen in the contralateral hand. 
Such an effect may have implications on the outcome after nerve injuries 
to either of to the two nerve trunks. Whether there are differences in cold 
sensitivity in median nerve injuries compared to ulnar nerve injuries is 
still unclear, as the literature is inconsistent. In a study by Ruijs et al. 
(2007) no significant difference in cold sensitivity between median and 
ulnar nerve injury was shown. In contrast to what was shown by Lenoble 
et al. (1990) where 50 % of patients suffered from cold sensitivity after a 
median nerve lesion, compared to 75 % of the patients with an injury to 
the ulnar nerve. Cold intolerance has also been seen to be more common 
in patients with combined median and ulnar nerve injuries than in the 
groups separately (Ruijs et al., 2007). Cold intolerance is further on seen 
in compression neuropathies and has been well explored in carpal tunnel 
syndrome. Studies have shown that cold sensitivity improved consid-
erably after open carpal tunnel release (Zimmerman et al., 2020). Wendt 
et al. (2018) also concluded in their material that 52 % of their patients 
with nerve compression neuropathies reported cold sensitivity. The use 
of LSCI is unique in the possibility of in the future being able to inves-
tigate the response of the healthy hand, meanwhile as the hand with an 
injury or pathology to the other hand. 

In research on motor function and sensory recovery after nerve in-
juries, studies have shown poorer function in patients with ulnar nerve 
injuries and combined median and ulnar nerve injuries, than in singular 
median nerve injuries. Recent data also show that cold sensitivity is 
associated with worse sensory recovery (Magistroni et al., 2020), and 
that restoration of certain thermophysiological responses could indicate 
nerve recovery (Cesim and Oksuz, 2020). 

As seen in Ruijs et al. (2009) the rewarming pattern after nerve in-
juries was altered in the fingers innervated by the affected nerve with a 
loss of the active rewarming phase which was seen in healthy in-
dividuals. The rewarming returned to more normal patterns correlated 
to the degree of cold intolerance and sensory recovery in the innervated 
area. Contrary to this, the same group showed that the presence or 
absence of abnormal subjective symptoms of cold sensitivity after nerve 
injury, as measured by the CISS questionnaire (Cold Intolerance Severity 
Score), does not seem to correlate with the quality of the thermophy-
siological response to a cold stimulus. Thus, even with a normal cold 
induced vasodilation reaction in both injured and uninjured digits, pa-
tients still might experience symptoms of cold sensitivity (Ruijs et al., 
2011). In our findings there was a trend towards a difference in the 
perfusion response to CST between men and women. Men had a larger 
decrease in perfusion during CST. It was also seen that there was a 
tendency towards a faster recovery to baseline values in women than in 
men. In various studies there have also been reports on differences be-
tween men and women, especially concerning cold sensitivity after 
nerve injuries. Women score significantly higher on CISS after nerve 
injuries, even when the degree of sensory recovery is at a similar level 
(Ruijs et al., 2007). This difference in reported cold sensitivity between 
men and women has not been seen in a healthy normative study pop-
ulation (Ruijs et al., 2006). It is somewhat surprising that our findings 
indicate that perfusion in women, and in ulnar nerve innervated fingers, 
seem to return faster to baseline after a CST. It raises the question 
whether this can predict the severity of cold sensitivity after nerve in-
juries in these groups. This needs to be further investigated in future 
studies. 

A similar study to ours, using the LSCI technique, was performed 
(Wilkinson et al., 2018) on patients with Raynaud’s phenomenon 
related to systemic sclerosis. Their findings included the presence of the 
so-called “edge effect” where lower perfusion values were seen at the 
edges of the LSCI images than in the center. The same phenomenon was 

observed in the present study with a 4.3 % reduction in measured 
perfusion of calibration fluid in the periphery of the measurement area. 
To prevent this from affecting the measurements, we normalized all 
perfusion values by subtracting the baseline perfusion, i.e., the 
measured perfusion values in each ROI at the start of the measurement. 
The data is therefore presented in change from baseline. We also aimed 
to follow previously described methodological guidelines for the LSCI, 
and placement of the laser beam relative to the subject (Zotterman et al., 
2017). It was stated that a significant decrease in the perfusion values 
was only seen in measurements with the laser beam meeting the 
measured surface at angles larger than 450. The same study also 
concluded that there were no significant differences in the perfusion 
values when obtained within distances between 15 and 40 cm. In the 
current study, the maximum measurement distance was never >35 cm, 
and the camera head was always placed at a 00 angle above the hands. 
The incident angle of the laser beam may however have been larger in 
the more lateral i.e. ulnar digits and this may have contributed to the 
above-mentioned edge effects. One other limitation of the LSCI method 
is the uncertainty of ROI that are marked in the perfusion images. These 
were located on the dorsum of the distal phalanx of the finger, on the 
fingernails with a limited measurement area. The small size of the ROIs 
may increase the uncertainty of the measurements. 

A limitation of our study was the inclusion of women with oral 
contraceptives. In our 13 female participants, 4 were on a continuous 
treatment with oral contraceptives and 2 participants had a hormonal 
intrauterine device. Despite the inclusion criteria, no participants were 
on hormonal replacement therapy. The possibility of the impact of oral 
contraceptives on the differences in microcirculation and cold sensi-
tivity between the sexes, cannot be completely excluded (Bartelink et al., 
1993), especially since studies have shown that estrogen may potentiate 
cold-induced vasoconstriction (Fardoun et al., 2020), and the fact that 
standard deviation of measurement was larger in the female group 
compared to the male group. However, the proportion of participants 
with oral hormone treatment was still a minority of the participants. The 
limitations also include the absence of vasomotion analysis in the study, 
which may have given clearer insight into possible effects of cold 
exposure on the microvascular response. Such analysis may in the future 
be used to further explore the effects of autonomic nervous system on 
vascular tone as an explanation of the mechanisms behind altered cold 
sensitivity after nerve injury. The advantage of our study is the contin-
uous simultaneous registration of the reactions in both hands to an ISO 
standardized CST of one hand. Previous studies have mainly done CST 
on both hands simultaneously and focused on the differences between 
healthy individuals and patients with microvascular disorders. 

5. Conclusion 

When exposing one hand to cold the contralateral hand reacts 
simultaneously with a decrease in perfusion, which recovers after a few 
minutes. A trend towards a larger decrease in perfusion in men (ns), and 
a faster recovery to baseline values in women (ns) was seen. There was 
also a larger inter subject variability in perfusion values in women. In 
the cooled hand, there was a significant difference between the radial 
and the ulnar fingers, with the ulnar fingers showing lower perfusion 
values. 

The LSCI technique offers a possibility to compare the microcircu-
latory perfusion of both hands over time which may be of interest in the 
investigation of microcirculatory patterns in conditions with cold 
sensitivity, such as in patients with nerve injuries or autoimmune con-
nective tissue diseases. 
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