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Background: Nailfold video capillaroscopy (NVC) is a simple, non-invasive diagnostic tool but studies
with normal values for capillary density in healthy children are rare. Ethnic background seems to play a role
in capillary density; however, this is not well substantiated yet. In this work, we set out to evaluate influence
of ethnic background/skin pigmentation and age on capillary density reading in healthy children. Secondary
aim was to investigate whether there is a significant difference in density between different fingers within the
same patient.

Methods: Between 2016 and 2021, healthy children from schools around AUMC were approached, by
convenience sampling. In this cross-sectional study, capillaroscopic images were obtained in a one-time
videocapillaroscopy (x200 magnification) addressing the capillary density (i.e., number of capillaries per
linear millimetre in the distal row). This parameter was compared to age, sex, ethnicity, skin pigment grade
(I-III) and between eight different fingers, excluding the thumbs. Density differences were compared by
ANOVAs. Correlations between capillary density and age were calculated with Pearson correlations.
Results: We investigated 145 healthy children with mean age of 11.03 years (SD 3.51). The range of
capillary density was 4-11 capillaries per millimetre. We observed a lower capillary density in the ‘grade I’
(6.420.5 cap/mm, P<0.001) and ‘grade III’ (5.9+0.8 cap/mm, P<0.001) pigmented-classified groups compared
to the ‘grade I’ group (7.0£0.7 cap/mm). We did not find a significant correlation between age and density
in the overall group. The fifth fingers on both sides had a significantly lower density compared to the other
fingers.

Conclusions: Healthy children <18 years with higher degree of skin pigmentation show a significantly
lower nailfold capillary density. In subjects with an African/Afro-Caribbean and North-African/Middle-
Eastern ethnicity, a significantly lower mean capillary density was observed compared to subjects with the
Caucasian ethnicity (P<0.001, and P<0.05, respectively. There were no significant differences between other
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ethnicities. No correlation was found between age and capillary density. The fifth fingers on both hands

displayed lower capillary density compared to the other fingers. This needs to be taken into account when

describing lower density in paediatric patients with connective tissue diseases.
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Introduction

Nailfold videocapillaroscopy (NVC) is a simple and non-
invasive method used to visualize capillaries of nailbeds.
Due to skin transparency and subcutaneous location,
nailfold blood vessels are easily visualized in microscopic
examination, which makes NVC a convenient screening
and safe tool in daily clinical practice (1). In NVC images,
multiple capillary variables can be analysed, such as capillary
density (i.e., number of capillaries per linear millimetre in
the distal row), capillary morphology and capillary width of
the apical limb and presence of haemorrhages (2). As these
parameters may show abnormalities for patients with various
autoimmune rheumatic diseases, NVC has become a well-
established diagnostic method in clinical rheumatology (2,3).
It is being used in patients with Raynaud’s phenomenon and
suspected systemic autoimmune disease, mainly systemic
sclerosis (SSc) but also in (juvenile) dermatomyositis JDM)
and systemic lupus erythematosus (SLE) (2,4-8). In addition,
abnormalities detected in NVC images were shown to be
predictive for future (visceral) organ involvement in patients
with SSc (9-11), but also in childhood-onset SLE (12).
Minopoulou et al. described in their systematic review and
meta-analysis, that microcirculatory changes are described
as a potential risk factor for pulmonary hypertension in SSc
patients (13).

In children, capillary loss has been shown to be predictive
for differentiating between primary and secondary
Raynaud’s phenomenon (14). In this study, capillary loss
was defined as <6 capillaries per linear mm (14). However,
studies on normal values for NVC measurements in healthy
children are scarce and Andrade et 4/. suggested that colour/
pigmentation of skin has influence on capillary density (15)
This is important, additionally because some ethnic groups
are more predominant in different systemic autoimmune
diseases, such as a higher prevalence of black patients in
SLE. Often, in clinical studies, the white patient is assumed,
even if it concerns matters that are more relevant to non-
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white patients.

We hypothesize that ethnic background should be
taken into account in the interpretation of (lower) nailfold
capillary density. This could mean that there are (different)
normal values for capillary density in different ethnic
backgrounds/skin pigment grades. In this work, we set
out to investigate the influence of ethnic background, skin
pigment and age on capillary density in NVC images of
healthy children. In addition, we determined whether there
is a difference in capillary density between the different
fingers. We present the following article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-993/rc).

Methods
Subjects

In this cross-sectional study, the subjects, children and
adolescents <18 years old from the Amsterdam region in
the Netherlands were asked to undergo a one-time nailfold
capillaroscopy. They were recruited from families and
friends of the authors and from primary and high schools in
the region of the Amsterdam University Medical Centres
(AUMC), by convenience sampling, between April 2016 and
April 2021. To be eligible for inclusion, it was a prerequisite
that subjects did not suffer from a chronic disease at the
moment of the capillaroscopy. Upon inclusion, age, gender,
ethnic background, Raynaud symptoms and periungual
trauma were noted.

Ethical consideration

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The used
capillaroscopy images from this study are part of a
cohort study, and this study was approved by the Medical
Ethical Committee from Amsterdam UMC (with number
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NL60885.018.17 from Dutch trial register). Permission
from the subjects to use the capillaroscopy images for
research purposes was given by a signed informed consent
(for children under 12 years of age, consent from both
parents/legal representatives was required to participate
in the study. Children between 12 and 16 years of age give
consent independently in addition to their parents/legal
representatives).

Nailfold videocapillaroscopy technique and image selection

Capillaroscopic images were obtained during a one-
time capillaroscopy between 2016 and 2021. The
videocapillaroscope was equipped with a x200 magnification
lens from Optilia with accompanying ‘Optipix’ image
analysis software. Images were collected by two investigators
(DS and SB, with respectively seven and four years of
experience in performing nailfold videocapillaroscopy).
Prior to the examination, subjects were asked to stay in a
room at 20-22 °C for a minimum of fifteen minutes. During
the measurement, subjects were asked to sit in front of
the examiner, with their hands on the table. Next, a drop
of immersion oil was applied to the fingers. All fingers,
excluding the thumbs, of both hands were examined. Two
images per nailfold were made, resulting in a set of sixteen
images per child.

Scoring system of capillary density

In this study, we followed the procedure described by
Cutolo and Smith to calculate the capillary density (16).
Briefly, we measured the number of capillaries along one
millimetre of the distal row. A capillary density score per
finger was calculated by averaging the scores of two images
in the middle region of the same nailfold. Subsequently, the
overall mean capillary density was calculated by averaging
the capillary density scores of the eight individual fingers. If
only one of the two images was of good visibility, only this
image was used for calculating the ‘mean’ capillary density.
The physician scored the ethnic background/skin pigment
grade of the subjects.

Statistical analysis

Type of ethnic background was analysed as categorical
variable (Caucasian, Asian, North-African/Middle-Eastern,
African/Afro-Caribbean and ‘Mixed/other’), as well as
ordinal variable graded by increasing degree of skin pigment
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[White as pigment ‘grade I’; Mixed (Mixed/other, Asian,
North-African/Middle-Eastern) as pigment ‘grade II’; and
Black (African/Afro-Caribbean) as pigment ‘grade III’].

Statistical analysis was performed using IBM SPSS
statistics software, version 26 and GraphPad Prism, version
9. Descriptive statistics were used to represent demographic
features of subjects. The Pearson linear correlation
coefficient was calculated to quantify the linear relationship
between age and capillary density. Analysis of variance
(ANOVA) was performed to compare capillary density
between different ethnic groups as well as different fingers.
Post-hoc ANOVA analyses were performed with Sidak’s
multiple comparison test with a single pooled variance for
differences between ethnic groups and different fingers,
respectively. A P value <0.05 was considered statistically
significant.

Power analysis and sample size calculation were
performed using the nQuery version 8.5.1 software.
Data from Andrade er al. (15) were used for sample size
calculation. In this aforementioned study, capillary density
in white versus non-white subjects was compared. Based
on a one-way ANOVA with variance of means of 0.2, alpha
level set as 5% (0.05) and power of 95%, sample size for the
present study was estimated to be 139 in total (if divided in
five groups) or 115 in total (if divided in three groups). The
effect size was based on the minimal statistically important
difference in capillary density between different ethnicities
and pigment grades. This sample size of 139 healthy
subjects is likely to provide enough power for all analyses.

Results

The cohort consisted of 87 girls (60%) and 58 boys
(40%), ranging from 4 to 18 years with a mean age of
11.03+3.51 years. Demographics are depicted in Table 1.
A total number of 2,320 images from 145 healthy subjects
were assessed. In 2,083/2,320 (89.8%) NVC images,
the capillary density could be counted. Three subjects
were excluded because of bad quality of NVC images. In
34 subjects it was not possible to obtain good quality images
in all examined fingers, this concerned 71 fingers. For data
of the missing values, see Appendix 1.

Capillary density in different ethnicities

The overall mean capillary density in the subjects was
6.7+0.8 capillaries per mm. The mean capillary densities per
ethnic background can be found in Table 2. Figure 1A-1D
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Table 1 Baseline characteristics of the study subjects

Baseline characteristics Value

Female, n (%) 87 (60.0)

Age at capillaroscopy in years, mean + SD 11.03 (£3.51)

Ethnicity, n (%)

Caucasian 99 (68.3)
African/Afro-Caribbean 21 (14.5)
Mixed/other 13 (9.0)
North-African/Middle-Eastern 10 (6.9)
Asian 2(1.4)
Pigment grade, n (%)

‘White’, pigment grade | 99 (68.3)
‘Mixed’, pigment grade Il 25(17.2)
‘Black’, pigment grade llI 21 (14.5)

Table 2 Capillary density per ethnicity/pigment grade

Capillary density (Capillaries per

Ethnic background mm, mean + SD)

Ethnicity (categorical)

Caucasian 7.0£0.7
African/Afro-Caribbean 5.9+0.8
Mixed/other 6.5+0.6
North-African/Middle-Eastern 6.2+0.2
Asian 6.2+0.0
Pigment grade (ordinal)
‘White’, pigment grade | 7.0£0.7
‘Mixed’, pigment grade Il 6.4+0.5
‘Black’, pigment grade I 5.9+0.8

show capillaroscopic images with different capillary
densities.

In subjects with an African/Afro-Caribbean and North-
African/Middle-Eastern ethnicity, a significantly lower mean
capillary density was observed compared to subjects with
the Caucasian ethnicity (P<0.001, and P=0.02, respectively,
Figure 24). There were no significant differences between
other ethnicities (Figure 2A).

Subsequently, we analysed the capillary density as ordinal
variable per degree of skin pigment-based group (7able 2
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and Figure 2B). Significantly lower capillary densities were
found in the grade ‘I’ and grade ‘III’ pigment groups
compared to the grade ‘I’ pigment group (P<0.001 and
P<0.001, respectively). There was no significant difference
between grade ‘II” and ‘III’ pigment groups.

Capillary density and age

No correlation between age and capillary density could
be observed (Pearson correlation r=0.041, P=0.68,
Figure 34). Also after dividing the subjects into (ordinal)
ethnic subgroups, no correlation between age and capillary
density could be observed (Figure 3B). However, for
the ‘pigment grade II” group a near-significant, positive
correlation between age and capillary density was observed
(r=0.403 P=0.07). After dividing the subjects of our cohort
into two groups (<10 years and >10 years), we found a weak
significant positive correlation in the latter group (r=0.319,
P=0.02) with post-hoc analysis (Figure 3C). This correlation
was not significant after dividing the groups (<10 and
>10 years) into pigment grades.

Capillary density in different fingers

Next, we assessed whether there are differences in capillary
density between different fingers. For both hands, both
digits 5 demonstrated significantly lower capillary density
compared to all other fingers, whereas none of the other
pairs demonstrated significant differences in capillary
density (Figure 44,4B). For mean capillary density per
finger, see Table 3.

Discussion

The current study aimed to investigate the influence of
ethnic background/skin pigment and age on capillary
density in NVC images of healthy children. Statistically
significant differences in nailfold capillary density between
different ethnicities/skin pigment grades were detected but
no relation between age (4-18 years) and capillary density
was observed. It was also demonstrated that, compared
to all other fingers, the fifth digits from both hands have
a significantly lower nailfold capillary density. Future
large scale and prospective studies, as are being presently
conducted by the EULAR study group on microcirculation
in Rheumatic Diseases, will need to evaluate the clinical
significance of this density difference (17).

The current cut-off value for a normal capillary density
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Figure 1 Capillaroscopic images with different capillary densities (number of capillaries per linear millimeter in the distal row). (A) 4

capillaries per linear millimeter; (B) 5 capillaries per linear millimeter; (C) 6 capillaries per linear millimeter; (D) 7 capillaries per linear

millimeter.
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Figure 2 Differences in capillary density between ethnicities and pigment grades. (A) Mean capillary density for each ethnicity depicted
as categorical variable. (B) Mean capillary density per pigment group (ordinal variable). Individual data points represent mean capillary
density scores for each included subject. *P<0.05, **P<0.005, ****P<0.0001, calculated by Sidak’s corrected ANOVA. AF/AC, African/Afro-
Caribbean; NA/ME, North-African/Middle-Eastern; ANOVA, one-way analysis of variance.
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Figure 3 Correlations between age and capillary density (Pearson correlations). (A) Correlation between age and capillary density for all

subjects. (B) Correlation between age and capillary density per pigment group (ordinal). (C) Correlation between age and capillary density

with age cut-off (>10 years).

in healthy adults is seven capillaries per mm (18). In this
study, the overall mean capillary density in healthy children
was found to be 6.7+0.8 capillaries per mm. This is in
perfect agreement with the study by Dolezalova et 4/. that
also reported a capillary density of 6.7 (range 5.3-9.3) (19).
Moreover, fairly similar results were obtained by Ingegnoli
et al. and Terreri et al., with a mean capillary density of 6.1
(range, 5-8) and 7.1£0.8, respectively (20,21). Interestingly,
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Piotto et al. found a higher capillary density, of 7.8£1.5 (22).
In addition, Melsens et al. reported an even higher capillary
density: 8.5+1.2 (17). The observed differences may be due
to several factors, including the ethnic background and
physiological differences of the nailfold capillary network
itself (19,20). However, the ethnic background/skin pigment
grade was not part of the variables in the conducted analyses
in the included studies.
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Figure 4 Differences in capillary density between individual fingers. Mean capillary density for each finger from the left hand (A) and
right hand (B). Individual data points represent mean capillary density scores per finger of each included subject. **P<0.01, ***P<0.001,

****P<0.0001, calculated by Sidak’s corrected ANOVA.

Table 3 Mean capillary density per individual finger/digit

Digit Capillary density (Capillaries per mm, mean + SD)

Left hand
Dig 2 6.9+1.3
Dig 3 7.0+1.1
Dig 4 6.8+1.3
Dig 5 6.0+1.0
Right hand
Dig 2 6.8+1.1
Dig 3 7.0+1.2
Dig 4 6.8+1.1
Dig 5 6.2+1.1

Our current study demonstrates that the capillary
density significantly differs in children from various
ethnic backgrounds (Figure 24). In accordance, Andrade
et al. also found that density of capillaries was higher
among whites versus non-whites, but only slightly (15).
Another study reported no statistically significant
difference in capillary density between ethnic groups (21).
However, these aforementioned studies divided the
ethnic groups into two groups only: white versus non-
white (15,21). Collectively, the results of our study also
shows that more skin pigment correlates with a lower
capillary density. As we hypothesized, our study suggests
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that degree of skin pigment should be taken into account
when evaluating nailfold capillary density. It is important
to know the normal values for capillary density in
children (and adults) for correct interpretation of NVC
images in patients.

In our study, no significant correlation between age
(4-18 years) and capillary density was found, also not upon
dividing the subjects into different pigment grade groups
(Figure 3A4,3B). This is in line with two other studies from
Herrick et al. and Ingegnoli er 4l. (1,20). In contrast, Piotto
et al. did observe a positive correlation between age and
capillary density (r=0.796, P<0.001) (22). Interestingly,
Melsens et al., observed a positive correlation (r=0.14,
P=0.05), only after excluding subjects with 1-4 years of
age (17). However, the correlation was very poor. This
is similar to observations by Terreri et /. showing a
significantly higher capillary density in children older than
10 years than those younger than or equal to 10 years (21).
When using this same age cut-off, we also observed a
significant positive correlation between age and capillary
density in the >10 years group (Figure 3C). Interestingly,
these findings suggest that during the pubertal phase the
capillary density increases with age.

At last, our findings of a lower capillary density in the
nailfolds might have a link with observed differences in
pulse oximetry measurements in people with different skin
pigments. Several studies hypothesized that people with
a darker skin could have pigment-related errors in pulse
oximeter measurements (23,24). The presence of melanin at
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higher concentrations, as found in patients with darker skin,
might have an effect on the amount of light transmitted
(mainly the red) (25,26). This could lead to an incorrect
(overestimated) SpO, value. Besides the possible effect of
pigment, a lower density might also lead to suboptimal
measurements.

To our knowledge, this is the first study that compared
the capillary density between different fingers. The fifth
digits displayed a significantly lower capillary density when
compared to the other fingers. Probably this is because
this finger is smaller and is less used in daily activities.
We suggest that these fifth digits should not be used for
interpretation of capillary density. However, mean capillary
density of all the 8 fingers (thumbs always excluded) did not
differ significantly compared to the density when excluding
the fifth digits from the analyses.

A strength of this study is the large sample size, with
145 subjects (<18 years). Moreover, for all subjects, two
investigators, using the same image analysis software,
performed the same NVC procedure. Additionally, high
sensitivity is achieved by standardized examination of
eight fingers per child and using a high magnification
videocapillaroscope. However, there were some missing
data as a result of bad quality NVC images (approximately
10%). This was due to physiological differences in thickness
of the nailfold of some children and this percentage of
missing data is comparable to other studies (10,17).

A limitation in this study is overrepresentation of the
Caucasian ethnicity in our cohort (70% of all subjects),
which is not representative for some rheumatic autoimmune
diseases such as SLE. Lastly, the medical history of children
that were investigated at schools was taken without their
parents, meaning that some information (for symptoms of
Raynaud or trauma) might be incomplete, especially for the
younger children.

If the findings presented in this study prove to be
reproducible in more studies, it will be important, when
evaluating capillary density from patients with Raynaud’s
phenomenon and/or autoimmune rheumatic diseases,
to correct for baseline differences caused by ethnic
background/ skin pigment and type of finger. Possibly,
a tailor-made fast-track for children, taking ethnic
background/skin pigment grade into account, could be
useful (18) Importantly, our observations in children
cannot be directly extrapolated to the adult population.
To evaluate this, nailfold capillaroscopy examinations in
healthy adults are first needed. Recently, a study in healthy
adults was performed in India by Bairwa er 4/ (27) In line
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with our results, they found that the density of capillaries
visualized by nailfold capillaroscopy decreases as the skin
pigmentation increases. Of note, they included 118 healthy
adults with Type II1, IV, V, and VI skin phototypes (classified
by Standard Fitzpatrick classification of skin phototype).

Conclusions

In conclusion, our findings show that children with more
skin pigment have a significant lower nailfold capillary
density at NVC analysis. A weak positive significant
correlation between age and capillary density was found,
but only for children between 10-18 years old (r=0.319,
P=0.02). In both hands, the fifth fingers displayed lower
capillary density compared to the other fingers. These
findings presented here should be taken into account for
interpretation of capillary density in a NVC image of all
rheumatic patients, especially in children.
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Supplementary

Appendix 1 Data of the missing values

HC number dig2leftaveragepermm dig3leftaveragepermm dig4leftaveragepermm digbleftaveragepermm dig2rightaveragepermm dig3rightaveragepermm dig4rightaveragepermm digbrightaveragepermm
11 #NULL! #NULL! #NULL!

15 #NULL!

17 #NULL!

19 #NULL!

34 #NULL!

40 #NULL!

41 #NULL! #NULL! #NULL!

48 #NULL! #NULL! #NULL! #NULL!

49 #NULL!

53 #NULL!

56 #NULL! #NULL!

59 #NULL!

60 #NULL! #NULL!
70 #NULL!

80 #NULL! #NULL! #NULL!

82 #NULL!

84 #NULL! #NULL!

89 #NULL!

92 #NULL! #NULL! #NULL! #NULL! #NULL! #NULL! #NULL! #NULL!
98 #NULL! #NULL! #NULL! #NULL!

99 #NULL! #NULL! #NULL!

102 #NULL!

105 #NULL! #NULL! #NULL! #NULL! #NULL! #NULL! #NULL! #NULL!
111 #NULL!

117 #NULL!

118 #NULL! #NULL! #NULL! #NULL! #NULL!

120 #NULL! #NULL! #NULL! #NULL!

125 #NULL! #NULL! #NULL!
131 #NULL!

133 #NULL!

135 #NULL! #NULL! #NULL! #NULL! #NULL! #NULL! #NULL!

137 #NULL!

138 #NULL! #NULL! #NULL! #NULL! #NULL! #NULL! #NULL! #NULL!
139 #NULL!

142 #NULL! #NULL!
143 #NULL!

144 #NULL! #NULL! #NULL! #NULL! #NULL!
Total missing analysable fingers after 15 12 3 3 18 11 5 4

excluding 3 subjects (HC 92, 105 and
138) in total (71 fingers from 34 different
subjects, after excluding the 3 subjects
in total since they had 0 analyasable
images):

Yellow box means missing data for calculating mean average for this finger.
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