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Abstract 

Objectives: Laser speckle contrast imaging (LSCI) has seen limited use in the study of perfusion 

dynamics such as vasomotion. The aim of this study was to investigate the effects of a prolonged 

seated position on perfusion dynamics in the nail bed using LSCI. 

Methods: Perfusion was recorded in digits II to IV bilaterally for 20 min during two separate 

sessions in ten healthy volunteers. The acclimatization period was 5 min for the 1st session and 20 

min for the 2nd. Perfusion variability and the presence of recurring perfusion dips were analyzed. 

A digital nerve block was done to verify suspected nervous origin of phenomenon. 

Results: Synchronized phases of vasoconstriction were observed in all subjects with perfusion 

dips in all digits bilaterally and simultaneously. Application of a digital nerve block abolished 

perfusion dips. The frequency of this phenomenon increased by 25.0% (95% CI: 1.6 to 49.2%) in 

the left-hand digits after a prolonged seated position. Perfusion variability increased by 11.6% 

(95% CI: 2.6 to 20.3%) in the digits of the left hand. Perfusion changes in right-hand digits did 

not significantly increase. During the 1st session, temperature increased by 2.7°C (1.1 to 4.2) 

while it decreased by 1.3°C (0.2 to 2.4) during the 2nd session. 

Conclusion: The observed perfusion dips are of a centrally mediated nervous origin but are also 

affected by local factors. They are affected by seating duration and differ between left and right 

hands, likely because of local micro perfusion dips. This phenomenon seems related to digital 

thermoregulation. 
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List of abbreviations 

LSCI – laser speckle contrast imaging 

LDF – laser Doppler flowmetry 

PU – perfusion units 

AUC – area under the curve 

 

  



   
 

   
 

Introduction 

Microcirculation is generally defined as the smallest order of blood vessels, with a diameter of 

<150 µm, where oxygen and nutrients are exchanged between the blood and the tissue [1, 2]. A 

functioning microcirculation is vital to any organism and it is therefore an interesting object of 

study to improve the understanding of both physiology and pathophysiology in many diseases [1-

3]. The microcirculation has an important thermoregulatory function, particularly in the glabrous 

skin, where a substantial amount of the microcirculatory capacity can be used for shunting of 

blood to regulate the body’s temperature [4]. 

Many studies on the microcirculation have been done in the skin, likely because of its 

easy access [1, 5]. Certain skin areas, such as the nailfold, have received particular attention, 

since the optical conditions and the organization of the microcirculation in the nailfold allow for 

detailed visualization of blood flow dynamics, for example by using capillary microscopy [6, 7]. 

Several laser-based techniques have also been used to measure perfusion in the microcirculation 

to study microvascular physiology and pathology [1, 5, 8]. 

In the study of the microcirculation, the concept of vasomotion has received much 

attention [9-11]. Vasomotion is generally used to describe organized and chaotic fluctuations of 

vessel diameter primarily occurring in the microvasculature over time [10, 11]. The presence of 

this phenomenon was observed for the first time 166 years ago in bats [12]. Traditionally, 

vasomotion has been investigated using microscopy, different kinds of assays for in-vitro 

experiments and laser-Doppler flowmetry (LDF) [10, 11]. With increased use of LDF, the 

concept of flowmetry was introduced. Flowmetry describes the frequency (Doppler) shift of light 

which has been scattered by moving red blood cells and this correlates to the blood flow in the 

vessel. The flowmetry signal can then be analyzed to quantify variations in blood flow over time. 



   
 

   
 

This is slightly different from vasomotion, which strictly speaking is used to describe motion in 

vessels and not changes in blood flow. [13]. Much effort has been put into investigating different 

causes for vasomotion and to investigate the physiological implications and functions [10, 11, 14-

16]. So far, the actual physiological relevance of vasomotion remains uncertain [10, 11]. 

Vasomotion is hypothesized to increase tissue perfusion, and this is supported by theoretical 

work suggesting an increase of blood flow in vessels of oscillatory diameter [14, 15]. However, 

neither in-vivo nor in-vitro experiments have been able to conclusively verify these suspected 

benefits with vasomotion in under-perfused tissue [10, 11, 16].  

The mechanisms underlying vasomotion have been studied thoroughly. The current 

consensus is that vasomotion arises at a local level in arterioles and then propagates through 

intercellular gap junctions to affect the entire vessel and sometimes adjacent vessels [11, 17-21]. 

Both calcium channels and the nitric oxide pathway have been implicated as having important 

mediatory functions and substances affecting these regulatory pathways have been shown to 

induce vasomotion [20, 22, 23]. 

By analyzing the frequency of vasomotion using LDF, different frequency bands have 

been established which are associated with different types of vasomotion activity [11, 24, 25]. 

These frequency bands are as follows: cardiac activity (0.6-1.6 Hz), respiratory activity (0.15-0.4 

Hz), myogenic activity (0.06-0.15 Hz), neurogenic activity (0.02-0.06 Hz), and endothelial 

activity (0.0095-0.02 Hz) [25]. Vascular activity in the different frequency bands can be blocked 

by affecting the appropriate system [10, 11, 19-23]. Frequencies associated with myogenic 

activity, neurogenic activity, and endothelial activity are presumed to be of local origin and does 

not cause synchronized fluctuations in larger parts of the capillary system [10, 11]. This leaves 

cardiac activity and respiratory activity responsible for synchronized aspects of vasomotion. 



   
 

   
 

 In addition to the previously described frequency bands, there are two additional 

phenomena causing synchronized changes in perfusion. The first phenomenon is called Mayer 

waves, which arise due to a lagging effect in baroreceptors causing an oscillatory effect on 

perfusion in humans of 0.1 Hz [10, 11]. Mayer waves cause synchronized fluctuations and often 

correspond roughly to the frequency of myogenic activity. The second phenomenon, which has 

received little attention, consists of synchronized bursts of vasoconstriction through sympathetic 

innervation occurring simultaneously through the body affecting the shunting of blood through 

the thermoregulatory parts of the microcirculation, which is primarily localized in glabrous skin 

of the fingers and toes [4, 26-29]. 

Previous studies of vasomotion and the microcirculation have used LDF and focused on 

very small parts of the microcirculation and often on the low frequency spectra related to 

desynchronized aspects of vasomotion. Laser speckle contrast imaging (LSCI) is a relatively new 

technique for perfusion measurement [5, 30, 31] and has seen limited use within the field of 

vasomotion.  

Compared to LDF, which has been the standard method for studying vasomotion, LSCI 

has the advantage of full field view with high spatial and temporal resolution [1, 5, 30, 31]. This 

makes it possible to study vasomotion over larger areas and to investigate spatial and temporal 

synchronicity, which is hard to accomplish using LDF. To our knowledge, LSCI has only been 

used to study vasomotion in the retina of the mouse [32].  

During preliminary experiments in which we measured perfusion in the nailbed, we have 

observed synchronized bursts of vasoconstriction. In this study, our aim was to further study 

these burst, referred to as perfusion dips, as well as vasomotion activity in the nail bed, using 

LSCI. We also investigated the effects of a prolonged seated position and a local nerve block. We 



   
 

   
 

hypothesized that the number of synchronized vasoconstriction bursts would increase after 

having maintained a prolonged seated position, and that they would be inhibited by a local nerve 

block.  

Methods 

Study population 

Ten healthy test subjects were recruited, and they gave their informed consent before 

participation. None of the subjects used regular medication except for three test subjects who 

used oral contraceptives. None of the participants had any medical conditions to report. One of 

the test subjects reported sporadic nicotine use. The study was approved by the regional ethics 

review board, DNr 2012/31/31. 

 

Equipment 

A laser speckle contrast imager (PeriCam PSI System, Perimed AB, Järfälla, Sweden) was used 

to measure the perfusion in the nail bed. The system has previously been described in detail [33]. 

LSCI uses a divergent laser and records fluctuations in the speckle pattern, which arises because 

of the movement of erythrocytes causing blurring during the image integration time [5, 30, 31]. 

The level of blurriness correlates to the concentration and flow of red blood cells [5, 30, 31]. A 

typical measurement area ranges from 50 to 400 cm2, where the entire image is captured 

simultaneously at a frequency of 10-40 Hz. A color-coded image is then created of the 

measurement area with “red” indicating high perfusion and “blue” low perfusion [5, 30, 31]. 

Perfusion units (PU) are defined as arbitrary units, similarly to LDF, and system consistency is 



   
 

   
 

assured by using calibration assays over time [5, 30, 31]. The measurement distance was set to 

20-25 cm and the perfusion was recorded using 44 images per second averaged over 4 images 

with a final frequency of 11 Hz. At the given distance, the resolution was around 0.6 mm/speckle 

pixel. 

The temperature of the digits was measured using a one channel thermometer with a 

temperature probe (TES thermometer 1300, TES electrical electronic corp., Taipei, Taiwan) with 

a specified accuracy of 0.3%rdg between -50 °C to 199.9 °C and a resolution of 0.1 °C. 

 

Experimental protocol 

All measurements were conducted in the same room and room temperature was controlled and 

kept at 22±1°C. The experimental procedure was divided into two sessions (see Fig. 1), which 

were done on different days at least 24 hours apart. In the 1st session, the test subject had 

remained seated for 5 min prior to the start of the measurement and in the 2nd session, for 20 min. 

There was no acclimatization period before the test subject was seated. Both forearms were 

steadily supported, and the hands were placed upon a table in front of them covered by a folded 

green cloth, with the digits placed at a position slightly below heart level. Care was taken to 

position the hands at the same position for the repeated measurements. Temperatures of the digits 

of the left and the right hand were measured by holding the temperature sensor between the pulp 

of dig I and dig III. Afterwards, both hands were placed close to each other with the dorsal side 

facing up so that the nail bed of dig II-IV were exposed within a narrow measuring field of 10 × 8 

cm. Perfusion was measured for 20 min using LSCI. At the end of each session, the temperature 

of left and right digits was measured once again, in addition to pulse and blood pressure.  



   
 

   
 

 

Digital nerve block 

As a separate experiment to verify that the perfusion dips we observed were caused by 

synchronized bursts of sympathetic nerve activity, a distal digital nerve block was applied to the 

third digit of the left hand (dig III sin) in one healthy test subject. Mepivacaine (Carbocain, 

Aspen Nordic, Ballerup, Denmark) at a concentration of 2% was used and roughly 0.75 ml was 

injected at each digital nerve. Perfusion was recorded as previously described for 10 min before 

and 20 min after applying the local anesthesia.  

 

Data analysis 

A dip detection algorithm was designed taking into consideration: the general duration of the 

dips, the presence of potential motion artifacts, and other contributions to synchronized perfusion 

changes such as cardiac, respiratory activity and Mayer waves. 

The first formula describes the arithmetic mean (𝑃𝑃𝑃𝑃����) compared to the median (𝑃𝑃𝑃𝑃� ) of the 

raw perfusion value (𝑃𝑃𝑃𝑃) over a 54.6 s window corresponding to 600 measurement points. A 

value higher than 1 indicates a spike in perfusion, likely caused by motion artifacts. Values below 

1 are more likely to be caused by the presence of a genuine decrease in perfusion. The formula 

was designed to describe the predominating type of perfusion activity (𝑎𝑎) within a 54.6 second 

window consisting of perfusion values from both before and after the measurement point (𝑘𝑘) in 

question. 



   
 

   
 

𝑎𝑎 = � 𝑃𝑃𝑃𝑃����/ 𝑃𝑃𝑃𝑃�
𝑘𝑘+200

𝑘𝑘−400

 

The following formula was then constructed to calculate the approximated perfusion (𝑃𝑃𝑃𝑃𝑎𝑎) if a 

perfusion dip event had not occurred. This formula used the xth percentile (𝑝𝑝𝑥𝑥) calculated with the 

‘percentil.ink’ function in Excel, which uses the linear interpolation between closest ranks 

method. The exact percentile used was affected by the predominating type of activity (𝑎𝑎) 

accordingly: 

𝑃𝑃𝑃𝑃(𝑘𝑘) >  � 𝑝𝑝75/𝑎𝑎2

𝑘𝑘

𝑘𝑘−400

 →   𝑃𝑃𝑃𝑃𝑎𝑎 = 𝑃𝑃𝑃𝑃(𝑘𝑘) 

𝑃𝑃𝑃𝑃(𝑘𝑘) <  � 𝑝𝑝75/𝑎𝑎2

𝑘𝑘

𝑘𝑘−400

 →   𝑃𝑃𝑃𝑃𝑎𝑎 = � 𝑝𝑝75/𝑎𝑎2

𝑘𝑘+200

𝑘𝑘−200

 

As a final step, a time window of the actual perfusion was compared to the approximated 

perfusion (𝑃𝑃𝑃𝑃𝑎𝑎) without a perfusion dip: 

� 𝑃𝑃𝑃𝑃
𝑘𝑘+10

𝑘𝑘−10

  � 𝑃𝑃𝑃𝑃𝑎𝑎

𝑘𝑘+10

𝑘𝑘−10

� < 0.8   → 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑑𝑑𝑝𝑝𝑝𝑝 

At this point, the amplitude of the perfusion dip was calculated as the area under the curve 

(𝐴𝐴𝑃𝑃𝐴𝐴): 

𝐴𝐴𝑃𝑃𝐴𝐴 = � 𝑃𝑃𝑃𝑃𝑎𝑎 − 𝑃𝑃𝑃𝑃
𝑑𝑑𝑑𝑑𝑑𝑑 𝑒𝑒𝑒𝑒𝑑𝑑

𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠

 



   
 

   
 

In addition to the described dip detection, the perfusion variability was also analyzed by using a 

36 s moving time window of the difference between the 75th and the 25th percentile. The mean 

over the entire 20 min window was then calculated. This variable was intended to reflect the state 

of vasomotion activity in the microcirculation and is primarily generated by cardiac activity, 

respiratory activity, and Mayer waves. However, the perfusion variability is also influenced by 

the presence of perfusion dips and therefore takes all these variables into account describing the 

total vasomotion activity in an easy way. 

  



   
 

   
 

Statistical analysis 

Descriptive statistics of the healthy volunteers are reported as mean followed by the 95% 

confidence interval within parentheses. Paired t-tests were done between start and end digital 

temperature for each session and between left and right-hand digits for all sessions. 

Perfusion data between 1st and 2nd session was analyzed using paired t-tests for the 

following perfusion variable: average AUC, perfusion dip time, average dip amplitude, average 

perfusion, and variability. A significance level of 0.05 was regarded as significant. 

All statistical analyses were made with the aid of Excel 2016 (Microsoft, Redmond 

Washington USA, www.microsoft.com).  

http://www.microsoft.com/
http://www.microsoft.com/


   
 

   
 

Results 

An overview of test subject characteristics and temperatures in the digits are given in Table 1. 

Recurring perfusion dips were observed in all the test subjects with a sudden decrease (<15s) of 

more than 50% of the measured perfusion value with a quick recovery (<40s) to previous levels. 

An overview of the perfusion variables investigated can be seen in Table 2. Figure 2 and 

3 show a typical example of a perfusion signal and Figure 4 shows perfusion images from a 

typical perfusion dip. The average perfusion in both sessions was similar with an average of 

164.5 PU (95% CI: 148.5 to 180.5) in the 1st session and 166.2 PU (95% CI: 150.9 to 181.6) in 

the 2nd. The average dip amplitude was also similar, 57.6 PU (95% CI: 51.6 to 63.5) and 56.8 PU 

(95% CI: 51.0 to 62.7). The average dip time was 12.9% (95% CI: 11.1 to 14.8) during the 1st 

session and 15.1% (95% CI: 13.5 to 16.7) during the 2nd session (p=0.055). However, in the left-

hand digits the effects on the average dip time was more pronounced resulting in a change from 

12.4% (9.8 to 14.9) during the 1st session to 15.5% (13.0 to 17.9) during the 2nd session 

(p=0.047). The average variability in both left and right-hand digits changed from 31.3 PU (95% 

CI: 29.2 to 33.4) during the 1st session to 34.1 PU (95% CI: 32.2 to 36.1) during the 2nd session 

(p=0.007). Further analysis of the data also showed the increase of perfusion variability from the 

first to the second session to be more pronounced in the left hand, while a smaller increase 

occurred in the right hand which was not significant by itself.  

The presence of recurring perfusion dips was completely abolished after application of 

local anesthesia. The perfusion variables in the nail bed of dig III sin before the digital nerve 

block were: average AUC 9.7 PU, perfusion dip time 10.9%, average dip amplitude 89.0 PU, 

average perfusion 218.8 PU, and perfusion variability 33.2 PU. The perfusion signal can be seen 

in Figure 5. After the digital nerve block, the same variables were: average AUC 0.0 PU, 



   
 

   
 

perfusion dip time 0.0%, average dip amplitude 0.0 PU, average perfusion 233.9 PU, and 

perfusion variability 19.7 PU. All other fingers were unaffected by the digital nerve block and 

showed similar perfusion characteristics during both measurement windows. The perfusion signal 

from the second measurement is shown in Figure 6, and Figure 7 shows the perfusion images 

from a perfusion dip during the second measurement. 

Digital temperature between the two different sessions was significantly different. During 

the 1st session, the digital temperature was 27.4°C (95% CI: 25.5 to 29.3) at the start and 

increased to 30.1°C (95% CI: 28.2 to 31.9) by the end of the session (p=0.003). In the 2nd session, 

a temperature decrease was observed from 30.9°C (95% CI: 28.7 to 33.0) at the start to 29.6°C 

(95% CI: 27.4 to 31.8) by the end (p=0.033). The average digital temperature during all sessions 

was 29.3°C (95% CI: 27.8 to 30.8) in the left hand and 29.3°C (95% CI: 27.9 to 30.8) in the right 

hand, showing no significant difference between left and right regarding digital temperature 

(p=0.932).  

 



   
 

   
 

Discussion 

The main finding in this study was the presence of synchronized perfusion dips in the nail bed of 

all fingers occurring bilaterally and simultaneously. These perfusion dips have not previously 

been described with imaging techniques and the existence of the phenomenon is seldom 

mentioned. No previous attempts have been done to quantify perfusion dip amplitude and 

frequency in a population of healthy test subjects. Application of a digital nerve block completely 

abolished the perfusion dips in the affected finger. These results suggest a neurogenic origin of 

the phenomenon. These findings support earlier descriptions of sympathetic innervation of 

arteriovenous shunts primarily present in the microcirculation of glabrous skin [26-29]. The 

synchronicity of the phenomenon and its temporal aspects have now been described clearly, 

which was not possible without imaging techniques such as LSCI. This study shows several of 

the benefits with LSCI when studying microcirculatory phenomena when both spatial and 

temporal resolution is of high importance. 

A simple provocation in form of a prolonged seated position resulted in a slight increase 

of perfusion dips in the left hand of the test subjects but did not cause a significant change in the 

perfusion dips of the right hand. The perfusion variability was also measured, which uses the 

average difference between the 75th and the 25th percentile over a moving time window. This 

variable is primarily affected by cardiogenic and respiratory activity, but also by the frequency 

and amplitude of perfusion dips. Generally, perfusion variability should be viewed as a marker 

for vasomotion activity capturing many aspects of both synchronized and asynchronous 

vasomotion occurring at a systemic level. Perfusion variability was significantly increased in the 

nail bed after a prolonged seated position, but this increase was only significant for the left hand 

when sub analysis was conducted. 



   
 

   
 

In the 1st session, the digital temperature increased by 2.7°C, while it decreased by 1.3°C 

during the 2nd session. At the end of the 1st session the temperature was 30.1°C (95% CI: 28.2-

31.9), which was quite similar to the temperature at the start of the 2nd session, 30.9°C (95% CI: 

28.7-33.0). These two measurement points corresponds to 25 min and 20 min after assuming a 

seated position, respectively. This suggests that digital temperature first increases when assuming 

a seated position and then starts to decline at some point within the first 25 min. These changes in 

digital temperature are likely linked to the observed variations in perfusion dynamics. The initial 

increase in temperature would occur in conjunction with a vasodilatory response, decreasing the 

likeliness of perfusion dips occurring. As a prolonged seated position is maintained, digital 

temperature will start to decrease due to a simultaneous increase in vasoconstrictive activity, 

therefore increasing the likelihood of perfusion dips. As the frequency of the perfusion dips 

increases, the total effect on the digital perfusion becomes greater and the temperature of the 

digits decrease as a result.  

Similar changes in skin perfusion have previously been described in the lower extremity 

during this time frame [34], showing a decrease in skin temperature over 30 min after 20 min of 

acclimatization. Although we measured the perfusion in the nailbed, it seems intricately 

connected to the perfusion in the skin, which can be seen in Figures 4 and 7 where a clear 

perfusion decrease is observed in the entire hand during the perfusion dips. It is likely, however, 

that the perfusion dips in the skin are contained primarily to the glabrous skin of the digits 

because of the rich presence of arteriovenous shunts.  

 Microcirculatory differences were also noted between the digits of left and right hand in 

the present study. Previous work has shown that there are microcirculatory differences in other 

parts of the body as well, such as the microcirculation of the face, when vasomotion has been 



   
 

   
 

studied using LDF [35]. This raises a few questions, particularly since the presence of perfusion 

dips seem to be centrally mediated while there also is a local difference between anatomical sites. 

The most reasonable explanation for this would be that the perfusion dips are affected by local 

processes in addition to the centrally mediated drive. Some perfusion dips would therefore be 

elicited slightly earlier and for a longer duration with little impact on the maximal amplitude. 

These viewpoints would also explain the presence of micro perfusion dips with a smaller 

amplitude, which we observed in individual digits with a less pronounced perfusion change in 

other digits. 

 In many studies investigating vasomotion, a wavelet transform is often performed due to 

its value in detecting perfusion changes at specific frequency, particularly of the lower 

frequencies. However, due to the varying period of the perfusion dips and their individual shape, 

as can be seen in Figures 2, 3, 5, and 6, the spectral density would be smeared-out over a too 

large frequency span to generate any interesting data. This is in contrast to the otherwise well-

defined frequency spans of vasomotion described with LDF. As many of the low frequency 

aspects of vasomotion are considered asynchronous [10, 11], they will not be measurable with 

LSCI because the perfusion data is averaged over a relatively large area. Taking these factors into 

account, we decided that a wavelet transform would contribute little to the results of the study. 

 This study otherwise has several limitations. No sample size analysis was done in the 

planning stage of the study because of its exploratory nature. For this reason, only 10 healthy test 

subjects were included; making the study underpowered to detect significant changes among 

many of the tested variables. The digital nerve block was also only applied in one test subject, 

which is a substantial limitation even though the data presented in Figures 5-7 appears 

convincing in proving the nervous origin of the perfusion dips in the individual in question. 



   
 

   
 

Another limitation was the lack of a control substance in the contralateral digit. More studies of 

vasomotion using LSCI are therefore needed to alleviate some of these concerns.  

 The formula used for perfusion dip detection in the present work succeeded at its task, but 

never went through a formal optimization process. This is obviously an area for further research. 

Before such work is undertaken, perfusion dip patterns should preferably be investigated in 

pathological conditions affecting the microcirculation of the digits. Such data would facilitate 

further development of the optimal mathematical approach to perfusion dip detection and how to 

discern between normal and pathological conditions.  

 During the study, it was noted that perfusion dips could be induced voluntarily. This was 

tested in two separate subjects in measurements not included in the study data. Both subjects 

were able to induce perfusion dips on instruction through either thinking about moving their 

hands or by use of respiratory exercises, such as taking a deep breath followed by slowly 

exhaling. However, both subjects were unable to induce a new perfusion dip until at least a few 

minutes had passed since the last induction. This information was kept from all test subjects in 

the study because it could otherwise have created a source of error. Nonetheless, this finding 

shows interesting insights into centrally mediated microcirculatory mechanisms of the digits, 

possibly connected to their thermoregulatory functions.  

 Interesting areas of further research would be to investigate the presence or the lack of 

perfusion dips in patients with known thermoregulatory disturbances of the digits, such as 

patients with Raynaud’s phenomenon or systemic sclerosis [26]. An overactive vasoconstrictive 

activity with a lack of dynamic alterations between vasodilation and vasoconstriction might be an 

important part of the pathogenesis. LSCI seems particularly suited to further investigate these 



   
 

   
 

aspects with its possibility to record perfusion in both hands simultaneously while also providing 

excellent temporal resolution. 

 Another interesting field of investigation would be metabolic diseases such as diabetes to 

study the development of neuropathies. The absence of perfusion dips could potentially be an 

early sign of conditions to come and might be used as an objective method to evaluate 

generalized neuropathies. To use LSCI for perfusion measurement could also be an interesting 

complementary method to investigating nerve damage of traumatic or iatrogenic origin. Finally, 

it could potentially be used to objectively evaluate the effects of nerve blocks with local 

anesthesia. 

 LSCI as a method for objective perfusion measurement has the advantage of both 

excellent spatial and temporal resolution [5, 30, 31]. This makes the method particularly suited 

for studying perfusion dynamics over large areas. It also has the advantage of being completely 

non-invasive without any skin contact, making it a useful method for the study of synchronized 

aspects of vasomotion in many diseases of vascular origin where many microcirculatory 

questions remain. 

 

 

 

  



   
 

   
 

Conclusion 

Perfusion recordings with LSCI showed the presence of synchronized bursts of vasoconstriction 

causing perfusion dips in the nail bed of healthy test subjects. After a prolonged seated position 

these perfusion dips occurred more frequently in the left-hand digits but not in the right-hand 

digits. Changes in perfusion variability were also observed, with a more pronounced effect in the 

left-hand digits. A digital nerve block abolished the presence of the phenomenon. This suggests a 

centrally mediated origin which also seem affected by local factors. After a prolonged seated 

position, a slight temperature decrease was observed, and it was associated with an increase in 

perfusion dynamics. The described perfusion phenomenon is likely connected to 

thermoregulatory properties of the digits. 
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Figure texts 

Figure 1. Overview of the experimental protocol. The two measurement sessions were held with 
an interval of at least 24 hours. LSCI: laser speckle contrast imaging; temp: measurement of 
temperature in the pulp of digits I and III. 

 

  



   
 

   
 

 

Figure 2. Typical perfusion signal from the nail bed during the 1st session. The dark blue line in 
the top graph shows the 4 s moving average of the perfusion signal from dig II sin. The dark blue 
line in the middle graph shows the perfusion signal from dig II dx. The orange lines and the grey 
lines in the top and middle graph show detected perfusion dips and area under the curve (AUC), 
respectively. The bottom graph shows the 4 s moving average of the perfusion signal from each 
digit with: dark blue = dig II dx, orange = dig II sin, green = dig III dx, yellow = dig III sin, light 
blue = dig IV dx, and green = dig IV sin. 

 



   
 

   
 

Figure 3. Typical perfusion signal from the nail bed during the 2nd session. The dark blue line in 
the top graph shows the 4 s moving average of the perfusion signal from dig II sin. The dark blue 
line in the middle graph shows the perfusion signal from dig II dx. The orange lines and the grey 
lines in the top and middle graph show detected perfusion dips and area under the curve (AUC), 
respectively. The bottom graph shows the 4 s moving average of the perfusion signal from each 
digit with: dark blue = dig II dx, orange = dig II sin, green = dig III dx, yellow = dig III sin, light 
blue = dig IV dx, and green = dig IV sin.

 



   
 

   
 

Figure 4. Perfusion images captured 15 min after the start of the 2nd session in the most 
representative test subject, from the same recording as the perfusion signal in Figure 3. The left 
perfusion image shows both hands in a vasodilatory state 15 min and 20 s after the start of the 
recording. The perfusion image to the right is captured 13 s later and shows a clear decrease in 
perfusion in all digits. The white numbered circles are the regions of interest for each nailbed 
perfusion signal. 

 

  



   
 

   
 

Figure 5. Typical perfusion signal from the nail bed with detected perfusion dips before 
application of digital nerve block. The dark blue line in the top graph shows the 4 s moving 
average of the perfusion in dig III sin. The dark blue line in the middle graph shows the raw 
perfusion signal recorded at 11 Hz. The orange lines and the grey lines in the top and middle 
graph show detected perfusion dips and area under the curve (AUC), respectively. The bottom 
graph shows the 4 s moving average of the perfusion in each digit with: dark blue = dig II dx, 
orange = dig II sin, green = dig III dx, yellow = dig III sin, light blue = dig IV dx, and green = dig 
IV sin. 

  



   
 

   
 

Figure 6. Typical perfusion signal from the nail bed with detected perfusion dips 5 min after 
application of digital nerve block to dig III sin. The dark blue line in the top graph shows the 4 s 
moving average of the perfusion in dig III sin. The dark blue line in the middle graph shows the 
perfusion in dig III dx, unaffected by the digital nerve block. The orange lines and the grey lines 
in the middle graph show detected perfusion dips and area under the curve (AUC), respectively. 
The bottom graph shows the 4 s moving average of the perfusion in each digit with: dark blue = 
dig II dx, orange = dig II sin, green = dig III dx, yellow = dig III sin, light blue = dig IV dx, and 
green = dig IV sin.  

  



   
 

   
 

Figure 7. Perfusion images captured 17 min after the application of digital nerve block on dig III 
sin, from the same recording as the perfusion signal in Figure 6. The left perfusion image shows 
both hands in a vasodilatory state 11 min and 56 s after the start of the recording. The perfusion 
image to the right is captured 9 s later and shows a marked decrease in perfusion in all digits 
except for dig III sin, which is affected by the digital nerve block. The white numbered circles are 
the regions of interest for each nailbed perfusion signal. 

 

 

  



   
 

   
 

Table texts 

Table 1. Descriptive statistics of the population in the study. All values are reported as mean 
(95% CI) unless otherwise specified. Significant differences between sessions are marked using 
stars. *p=0.033 **p=0.003  

  

Sex 7 females and 3 males 

Age 26.0 years (23.5 to 28.5)  

Weight 68.5 kg (62.3 to 74.7) 

Length 170.7 cm (165.4 to 176.0) 

Saturation (SpO2) 98.3 % (97.5 to 99.1)  

Nicotine use 1 out of 10 

Medication usage 3 out of 10 

Caffeine last 24 hours, 1st 
session and 2nd session 7 out of 10, and 4 out of 10 

Physical activity last 24 hours, 
1st session and 2nd session 1 out of 10, and 3 out of 10 

Systolic blood pressure, 1st 
session and 2nd session 113 mmHg (109 to 118), and 112 mmHg (107 to 117)  

Diastolic blood pressure, 1st 
session and 2nd session 72 mmHg (67 to 77), and 72 mmHg (67 to 78)  

Pulse, 1st session and 2nd session 65.0 bpm (59.3 to 70.3), and 67.0 bpm (60.7 to 73.3)  

Digital temperature, at start and 
end of 1st session 27.4°C (25.5 to 29.3), and 30.1°C (28.2 to 31.9) ** 

Digital temperature, at start and 
end of 2nd session 30.9°C (28.7 to 33.0), and 29.6°C (27.4 to 31.8) * 

Digital temperature of left and 
right digits for all sessions 29.3°C (27.8 to 30.8), and 29.3°C (27.9 to 30.8) 

 

  



   
 

   
 

Table 2. Perfusion variables measured during the 1st and 2nd sessions and average differences in 
perfusion variables between 2nd and 1st session as mean difference (95% CI). A positive number 
indicates an increase in the 2nd session compared to the 1st session. *p=0.047 *+p=0.018 
**p=0.007 

Session 1 Left Right Total 

Average AUC (PU) 6.6 (5.0 to 8.3) 7.4 (5.7 to 9.1) 7.0 (5.8 to 8.2) 

Time (%) 12.4 (9.8 to 14.9) 13.5 (10.7 to 16.4) 12.9 (11.1 to 14.8) 

Average dip amplitude (PU) 57.2 (49.1 to 65.2) 57.9 (49.1 to 66.8) 57.6 (51.6 to 63.5) 

Average perfusion (PU) 166.9 (144.5 to 189.3) 162.1 (138.9 to 185.3) 164.5 (148.5 to 180.5) 

Variability (PU) 31.1 (28.3 to 34.0) 31.5 (28.4 to 34.6) 31.3 (29.2 to 33.4) 

 

Session 2 

 

Left 

 

Right 

 

Total 

Average AUC (PU) 8.3 (6.7 to 9.9) 7.7 (6.5 to 8.9) 8.0 (7.0 to 9.0) 

Time (%) 15.5 (13.0 to 17.9) 14.6 (12.5 to 16.8) 15.1 (13.5 to 16.7) 

Average dip amplitude (PU) 56.0 (48.2 to 63.9) 57.7 (49.0 to 66.4) 56.8 (51.0 to 62.7) 

Average perfusion (PU) 164.8 (143.7 to 185.9) 167.7 (145.1 to 190.3) 166.2 (150.9 to 181.6) 

Variability (PU) 34.7 (31.7 to 37.6) 33.6 (31.0 to 36.2) 34.1 (32.2 to 36.1) 

 

Session differences 

 

Left 

 

Right 

 

Total 

Average AUC (PU) 1.7 (0.0 to 3.4) 0.3 (-1.3 to 1.8) 1.0 (-0.2 to 2.2) 

Time (%) 3.1 (0.2 to 6.1) * 1.1 (-1.9 to 4.1) 2.1 (0.0 to 4.2) 

Average dip amplitude (PU) -1.1 (-5.2 to 2.9) -0.3 (-5.4 to 4.9) -0.7 (-3.9 to 2.5) 

Average perfusion (PU) -2.1 (-16.9 to 12.7) 5.6 (-8.8 to 20.0) 1.7 (-8.5 to 12.0) 

Variability (PU) 3.5 (0.8 to 6.3) *+ 2.1 (-0.7 to 4.9) 2.8 (0.9 to 4.8) ** 
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