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Abstract

Vibration exposure from handheld tools can affect the hands with neurological symptoms and vibration-
induced Raynaud’s phenomenon (VRP). The underlying pathophysiological mechanisms are not fully known,
however, changes in the composition of blood parameters may contribute to VRP with an increase in blood
viscosity and inflammatory response. The aim of this study was to examine the effect on blood parameters in
capillary blood from fingers that had been exposed to a vibrating hand-held tool. This study involved nine
healthy participants who had been exposed to vibration and an unexposed control group of six participants.
Capillary blood samples were collected before and after vibration exposure for the exposed group, and
repeated samples also from the control group. The exposed groups were exposed to vibration for a |15-min
period or until they reached a 5.0 m/s” vibration dose. Analysis of blood status and differential counting of
leucocytes was performed on the capillary blood samples. The results of the blood samples showed an
increase in mean value for erythrocyte volume fraction (EVF), hemoglobin, red blood cell count, white blood
cell count and neutrophils, as well as a decrease of mean cell volume, mean cell hemoglobin, and mean cell
hemoglobin concentration. The increase of EVF and neutrophils was statistically significant for samples taken
from the index finger but not the little finger. Even though the study was small it showed that an acute vibration
exposure to the hands might increase EVF and neutrophilic granulocytes levels in the capillary blood taken
from index fingers.
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Introduction

Exposure to hand-arm vibration (HAV) from use of
hand-held vibrating tools is common in Sweden. Ac-
cording to Statistics Sweden, approximately 10% of all
employed people in Sweden are exposed to vibration
from handheld tools for at least a quarter of their
working day (Klevestedt., 2018). Exposure to HAV can
induce hand-arm vibration syndrome (HAVS) (Nilsson
et al., 2017). HAVS includes three types of symptoms:
vascular, neurosensory, and musculoskeletal. The
vascular symptoms, often referred to as secondary
Raynaud’s phenomenon or vibration-induced Ray-
naud’s phenomenon (VRP) are associated with vibra-
tion exposure for an extended period of time (Stoyneva
et al., 2003).
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The pathophysiological mechanisms underlying
VRP are not fully known, though it is accepted that
nerve damage can occur during vibration exposure
(Nilsson et al., 2017). HAV causes mechanical damage
that can affect the function of blood vessels and nerves
(Gemne, 1994; Prete et al., 2014).

It is considered likely that mechanical damage can
cause a combination of dysfunction of nerves, local
vascular regulation, and changes in blood parame-
ters, which contribute to vasospasm (Stoyneva et al.,
2003).

Autonomous imbalance has been observed, show-
ing either increased sympathetic activity or reduced
parasympathetic response within HAVS-diagnosed
patients, which can lead to increased vasoconstric-
tion (Heinonen et al., 1987; Bovenzi, 1986). The in-
crease in peripheral resistance in fingers can also be
explained by a difference in the affinity of ligands to
local receptors that effects vasodilation or constriction.
Further, mechanical damage that causes nerve damage,
specifically when the damage occurs peripherally in
fingers that contain vasodilating neuropeptides, might
explain the increased resistance in blood vessels
(Stoyneva et al., 2003). An increased level of
endothelin-1 has been found in patients with HAVS
when exposed to cold (Eriksson et al., 2020). The
increased level of endothelin-1 attenuates the relaxa-
tion effect of smooth muscles in the vessels that is
usually regulated by NO, which can also be affected by
vibration exposure (Noé€l, 2000). Endothelin-1 also has
a modulating effect on the release of neurotransmitters
from sympathetic nerve ends, thereby causing multiple
effects to increase tonus (Damon, 1998).

An increase in blood viscosity has been observed
among patients diagnosed with VRP. This hyper-
viscosity, together with other mechanisms, could
contribute to the lack of oxygen in the tissue (Okada
et al., 1987). Vibration exposure also increases
thrombocyte aggregation, and thereby the blood vis-
cosity (Kent et al., 1994).

Leucocytes normally have difficulties passing
through small capillaries. The blood flow in the
capillaries can be further reduced due to activated
leucocytes forming aggregating structures with each
other or adhering to the vessel walls (Stoyneva et al.,
2003; Nawaz et al., 2022). VRP patients have been
shown to have an increased production of the pro-
inflammatory substance leukotriene B4, which has an
aggregating effect on leucocytes that can contribute to
decreased oxygenation (Lau et al., 1992).

Earlier studies have shown changes in erythrocyte
volume fraction (EVF) and plasma viscosity after
vibration exposure. In these studies, venous blood was
analyzed and it was shown that there was no difference
between subjects with VRP and a control group,
though a significant difference was observed before
and after exposure (Greenstein and Kester, 1997).

The aim of this study was to investigate the impact
of a vibrating handheld tool on blood parameters in
capillary blood from fingers. To achieve this, the blood
status and leucocyte differential count were analysed
before and after exposure to vibration.

Methods

The participants of this intervention study were all
office workers without any previous occupational
hand-arm vibration exposure. They were informed and
gave their consent to participate in this study. To
qualify for inclusion, study participants could not have
any neurological or rheumatic disease.

Before exposure to hand-arm vibration, capillary
blood was collected from the center of the index finger
and the tip of the little finger in the dominant hand.
Only the index finger was used for sampling in the
control group. Blood was collected using a Safety-
Lancet Super manufactured by SARSTEDT AG & Co.
KG (Niimbrecht, Germany), and stored in 0.5 mL
Microcollect tubes (K2E K2EDTA) Greiner Bio-One
GmbH (Kremsmiinster, Austria).

The participants were exposed to vibration by using
a handheld polishing tool, CP240B from Best Tools
USA (Gravette, USA), for a 15-min period or until
they reached the Swedish limit value of 5.0 m/s®
calculated as cumulative daily exposure A(8) ac-
cording to standard ISO 5349-2:2001 (International
Organization for Standardization, 2001). The vibration
exposure dose was measured by an SV 150 hand-arm
triaxial accelerometer manufactured by SVANTEK
SP.Z 0.0 (Warszawa, Poland), and the sensors were
placed on both handles of the polishing tool.

After vibration exposure, capillary blood samples
were collected again. To avoid sampling in the same
location as before exposure, samples were taken on the
opposite side of the fingertip. Also, an unexposed
control group of six participants were included, in
which blood was collected in the same procedure.

The samples were directly sent to a laboratory for
analysis of blood status and a five-part differential
count of leucocytes. The analyses were performed by
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Table |. Descriptive statistics of study participants.

Exposed cases

Unexposed controls

N % N %
Gender Male 6 67 3 50
Female 3 33 3 50
Age Mean 44 55
Median 4] 57
Nicotine use Yes | I 0 0
No 8 89 6 100
Dominant hand Right 9 100 6 100
Left 0 0 0 0

the Laboratory Medicine Department of the University
Hospital, Orebro, Sweden.

The following hematological parameters were
measured: erythrocyte volume fraction/hematocrit
(EVF); hemoglobin (Hb); red blood cell (RBC)
count; white bloodcell (WBC) count; platelet/
thrombocyte (PLT) count; mean cell volume
(ercMCV); mean cell hemoglobin (ercMCH); and
mean cell hemoglobin concentration (ercMCHC).
WBC were differentially counted and determined in
absolute values of lymphocytes, neutrophils, eosino-
phils, basophils, and monocytes for each participant.

Descriptive statistics were used to assess baseline
characteristics of the population.

Because of the size of the study population, the
Wilcoxon signed-ranks test was used to determine
statistical significance, as this test is a non-parametric
test. IBM SPSS Statistics 25 was used for the statistical
analysis.

Ethical considerations

Capillary sampling can cause discomfort but is not
associated with any risk. The vibration exposure
was below the legislated threshold of the Swedish
Work Environment Authority. The Swedish Ethical
Review Authority (DNR 2019-03883) approved the
study protocol.

Results

Six men and three women were in the exposed
group. Three men/women were in the control group.
All participants were recruited from the Department
of Occupational and Environmental Medicine at the
University Hospital in Orebro, Sweden. Approxi-
mately 50% of the participators had drunk coffee

within an hour prior to exposure and one participant
had used tobacco (snuff) prior to exposure. All the
participants were right-handed, therefore, the mea-
surement only was conducted on the right hand
(Table 1).

The average vibration exposure (calculated in cu-
mulative daily A(8) value) was 4.1 m/s* on the pol-
ishing tool’s right and left handle (Table 2).

Three of the samples taken from index fingers
were discarded and could not be analyzed; two of
them were taken before and one was taken after
vibration exposure. Three of the samples taken from
little fingers before the vibration exposure were
discarded. These samples could not be analyzed
because the blood had coagulated inside the col-
lecting tubes.

The results from blood status analysis showed an
increase of B-EVF, B-Hb, B-RBC, and B-WBC, as
well as a decrease of PLT, ercMCV, ercMCH, and
ercMCHC from index fingers after vibration expo-
sure. Of these, only B-EVF was determined to be
significantly different after exposure (p value =
0.04). In addition, there was a significant increase in
B-neutrophils after vibration exposure (p value =
0.04; Table 3). For the unexposed controls, blood
status analysis showed a decrease in Hb and EVF,
but no changes were observed for ercMCYV,
ercMCH, ercMCHC, and B-WBC, including dif-
ferential counting of lymphocytes, neutrophils, eo-
sinophils, basophils, and monocytes.

For samples taken in the little finger, the results
from blood status analysis showed an increase of B-
EVF, B-Hb, B-RBC, B-WBC, PLT, and B-
neutrophils after vibration exposure. There was no
difference for ercMCV, ercMCH, and ercMCHC for
the little finger after vibration exposure. For the
differential counting of B-WBC, there was an
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Table 2. Descriptive statistics of hand-arm vibration dose for exposed subjects. The vibration exposure was measured
with a triaxial accelerometer placed on both handles of the polishing tool.

N Mean Median Min Max sD?
Vibration dose; left hand (m/s?)° 9 4.1 5.0 2.1 5.0 1.3
Vibration dose; right hand (m/s?) 9 4.1 4.6 2.6 4.8 1.0

?Standard deviation.
®Meters per second squared.

increase in neutrophils, a decrease in basophils, and
no changes for the other subgroups. No significant
differences were found before and after vibration
exposure regarding the samples that were taken from
the little finger (see Supplement Table).

Discussion

In this study, capillary blood samples before and after
vibration exposure were compared. The study showed
a significant increase in EVF and B-neutrophils in the
index finger after vibration exposure. The increase of
EVF can be compared with other studies that have
shown an increase of EVF in venous blood samples,
when compared before and after vibration exposure
(Greenstein and Kester, 1997). The increase of EVF
may be explained by the fact that vibration exposure
leads to increased vascular permeability with subse-
quent plasma leakage which could lead to increased
concentration of erythrocytes in the blood sample.
This has also been shown in studies on mice (Okada
et al., 1987).

A significant increase in B-neutrophils was also
found. In a similar earlier study where blood samples
were taken from the back of the hands, a tendency
toward a decreased B-neutrophils count was shown,
but the finding was not statistically significant
(Greenstein and Kester, 1998). The differences be-
tween the studies may indicate that the transformation
of the B-neutrophils takes place in the capillaries rather
than in the veins, or that the dilution factor is so
prominent that the increase of B-neutrophils cannot be
shown in venous samples. Reduced blood flow and
vasospasm suggests that the transformation takes place
in the capillaries. It has been shown in earlier studies
that an increase of leukotriene B4 occurs locally in
VRP, which activates migration of leucocytes as well
increases the production of free radicals. Thus, the
increase of B-neutrophils in our study is supportive of
that mechanism (Lau et al., 1992; Temprano, 2016).

Activation of the leucocytes can also be a response to
vascular endothelial damage, and together with the
release of free radicals this could lead to further tissue
damage (Stoyneva et al., 2003).

During the apoptosis of neutrophils, they release
condensed chromatin and proteases called neutrophil
extracellular traps (NETs). NETs form net structures of
different forms, which have a vital function in bacterial
defense, though it has also been shown that NETs have
a prothrombotic effect and can adhere to erythrocytes
and thrombocytes (Yang et al., 2016).

In this study, no significant changes could be ob-
served among the hematological analyses or differ-
ential count of leucocytes other than B-EVF and
B-neutrophils. A tendency toward increased B-Hb,
B-RBC, and B-WBC, as well as in the differential
count of leucocytes, were however noted. B-Hb in
both the index and little fingers was increased after
vibration exposure, which has also been shown in an
earlier study (Stoyneva et al., 2003).

The present explanation of VRP is a combination of
neural dysfunction, dysfunctional vasoregulation, and
changes in blood viscosity (Stoyneva et al., 2003). The
increase in erythrocytes and B-neutrophils that has
been shown in acute vibration exposure can lead to
increased viscosity and cause inflammatory processes,
which could lead to tissue damage and further in-
flammatory responses. The tissue damages could in
turn lead to neural dysfunction and alter the local
vasoregulation(Kvietys and Granger, 2012). The
present understanding of the pathophysiology of VRP
conforms to the changes we observed in our study
during acute vibrating exposure, and these changes
could play a part in the development of VRP.

The study also included blood samples from un-
exposed controls. In this group, the platelet count was
significantly lower at the second sampling instance.
This might be a spurious result (Type-1 error), but
could also indicate that platelets are consumed locally
in the fingertip as a result of clot formation during the
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first lancet blood sampling (Locatelli et al., 2021;
Yadegari et al., 2019). This remains a topic for further
study.

Even though the sample size was small, we believe
that the methodology was valid. The study was con-
ducted under the same conditions for all participants,
and the same personnel conducted the exposure
measurement and blood sampling, which minimized
the potential for procedural differences. Capillary
samples that were collected during the study were
taken on the opposite side of the index and little fingers
before and after vibration exposure. This was done to
avoid the potential for puncture damage made by the
lancets effecting the results. A further strength is that
the analyses were performed on capillary blood rather
than venous blood, as has been used in earlier studies
where a diluting factor from the affected capillary area
can interfere with the result. This could also be an
explanation of the different result when compared with
other studies that have used venous blood. However,
due to the small sample size in this study, the findings
need to be confirmed in a larger study with similar
methodology using capillary blood sample.

The main weakness of this study was that the study
population was small. In addition, the results were
hampered because of some samples having to be dis-
carded before analysis due to coagulation in the sampling
tubes. This probably occurred because of the rather large
volume of capillary blood (250 pL) that had to be taken
in a rather short period of time before analysis, and the
sampling tubes remaining uncapped and unmixed for too
long prior to analysis. The small population resulted in
low statistical power, increasing the risk of false negative
results, thus, further confirmatory investigations with a
larger population is needed.

Furthermore, it cannot be ruled out that an in-
flammatory response was evoked as a result of the
puncture damage that occurred, despite the fact that
steps were taken to avoid this by conducting the blood
sampling on different sides on the tip of the index and
little fingers before and after vibration exposure. To
account for this potential source of error, we also
performed the same blood sampling procedure without
vibration exposure to investigate the effect of the
puncture damage, and in this group there were no
effects on the neutrophils and EVF.

Conclusion

This study indicated that acute vibration exposure to the
hands among healthy subjects might induce a local

increase of EVF and B-neutrophils measured in capillary
blood taken from fingers. The increase of EVF and B-
neutrophils that we observed in our study is in line with
earlier studies on the mechanisms of the effect of vi-
bration, with increased viscosity and inflammatory
processes that cause tissue damage in the fingers.

Owing to the small population used in this study,
further confirmatory investigations with a larger
population and an improved method for collecting the
blood samples are suggested.
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Appendix
Abbreviations
EVF erythrocyte volume fraction
ercMCH mean cell hemoglobin
ercMCHC mean cell hemoglobin concentration
ercMCV  mean cell volume
HAV  hand-arm vibration
HAVS hand-arm vibration syndrome
Hb hemoglobin
NETs neutrophil extracellular traps
PLT platelet/thrombocyte count
RBC red blood cell
SD standard deviation
VRP vibration-induced Raynaud’s
phenomenon
WBC  white blood cell
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