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	 Background:	 This study aimed to use a portable ultrasound method to quantitatively measure skin thickness and to com-
pare leg edema in obese and non-obese pregnant women.

	 Material/Methods:	 Thirty-six pregnant women (17 primiparas and 19 multiparas) at 27/28 and 37/38 weeks of pregnancy, with 
and without leg edema, had their lower leg skin thickness measured using a B-scan portable ultrasonography 
device (72 legs and maximum of 98 measurements). Measurements were compared between women who were 
obese prior to pregnancy, with a body mass index (BMI) ≥25 kg/m2 and non-obese with a BMI <25 kg/m2.

	 Results:	 Skin thickness of the legs in pregnant women with edema was significantly increased compared with that in 
pregnant women without edema (6.4±0.3 mm vs. 4.6±0.4 mm) (p=0.0001). There was a significant correlation 
between the degree of pitting edema and skin thickness in all edematous legs (r=0.56; n=98; p<0.0001). The 
cutoff level of edema measured by portable ultrasound in non-obese pregnant women was 4.7 mm (sensitivity 
83.9%, specificity 66.7%) and was 7.5 mm in obese pregnant women. Obese pregnant women with edema had a 
significantly increased leg skin thickness compared with non-obese pregnant women with edema (11.3±1.3 mm 
vs. 5.7±0.2 mm) (p<0.0001).

	 Conclusions:	 Portable ultrasonography is a reliable method of quantitatively measuring skin thickness of the lower leg in 
edema associated with pregnancy. The thickness of the skin in obese pregnant women with edema can be ex-
pected to be significantly increased compared with non-obese pregnant women with edema.
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Background

Leg and foot edema during pregnancy is very common, occurs 
in about 80% of all pregnancies, and is regarded as normal 
when it is not associated with pre-eclampsia [1]. Changes in 
the blood chemistry during pregnancy also cause some fluid 
to shift into the tissue, and lower limb edema can result as the 
growing uterus places pressure on the pelvic veins and vena 
cava, which slows the return of blood from the legs and feet, 
causing it to pool into the subcutaneous tissues of the legs 
and feet [2]. For these reasons, edema is most likely to occur in 
women during the third trimester of pregnancy and is known 
as physiologic edema. Lower limb edema can cause pain and 
difficulty in walking, or ankle stiffness [3]. Less commonly, leg 
swelling during pregnancy results from pre-eclampsia, deep 
vein thrombosis (DVT), and cellulitis, which are serious medi-
cal conditions [4]. Therefore, a reliable and objective method 
is required for the early diagnosis of leg edema during preg-
nancy to allow for early treatment and to distinguish physio-
logical edema from more serious conditions.

Pitting edema is a characteristic of edema in pregnancy, and 
is detected when pressure that is applied to the skin leaves a 
depression when removed. This method of detection of lower 
limb edema is a qualitative diagnostic method performed 
during pregnancy. There are also quantitative techniques that 
may also be used to assess leg edema, including measurement 
of leg circumference, which can be assessed easily by using 
a tape measure, or with an improved form of tape measure, 
the Leg-O-Meter [5]. However, the leg circumference is not al-
ways directly correlated with the leg volume, which can be 
most easily assessed by water displacement leg volumetry [6]. 
Also, these methods for assessing leg edema lack sensitivity 
and are of most value in the assessment of relative changes in 
leg edema. Other approaches, such as rheoplethysmography, 
strain gauge plethysmography, and air plethysmography, can 
be used to assess changes associated with limb edema, but 
these methods measure the venomuscular pump or venous 
outflow rather than the volume [6]. Other approaches to the 
measurement of leg edema include optoelectronic assessments, 
computed tomography (CT) imaging, magnetic resonance im-
aging (MRI), dual X-ray absorptiometry, and measurement of 
electric and electromagnetic waves [7] and bioelectrical im-
pedance [8]. However, these methods are expensive and many 
of them have not been validated.

Recently, a three-dimensional system for measuring the vol-
ume and circumference using a halogen light grid projection 
pattern method (GRASP) (Techno Arts Laboratory, Tokyo, Japan) 
has been developed and the images are integrated to calcu-
late the coordinates [9,10]. In this technique, multiple grid 
patterns of halogen light are projected onto the leg from two 
directions and require a large device that is usually sited at 

a specific location. There remains a need for doctors or mid-
wives to examine pregnant women for leg and foot edema 
easily and quickly in the outpatient clinic so that the effects 
of treatment for edema can be assessed easily.

This study aimed to use a portable ultrasound method to quan-
titatively measure skin thickness and to compare leg edema 
in obese and non-obese pregnant women. The skin thickness 
was the distance between the epidermis, dermis, and subcu-
taneous layers.

Material and Methods

Study subjects and study approval

Thirty-six pregnant women (17 primiparas and 19 multip-
aras) who attended an outpatient clinic in the Department 
of Obstetrics and Gynecology, Nagahama City, Shiga, Japan 
were selected over a six-month period, between April 2017 
and September 2017. The study protocol was approved by 
the Ethics Committee of the University of Shiga Prefecture 
(No 571), and all pregnant women provided their written in-
formed consent prior to study entry.

Clinical characteristics of the study participants

The mean age of the women, ± standard error of the mean 
(SEM), was 30.2±4.87 years (range, 20–41 years). The body 
mass index (BMI) prior to pregnancy was calculated from the 
pre-pregnancy height (in metres) and weight (in kg). The study 
participants were divided into two groups, the non-obese group 
(BMI <25 kg/m2) and the obese group (BMI ³25 kg/m2), and the 
mean BMI before pregnancy was 21±3.1 kg/m2. Weekly labo-
ratory investigations included measurement of the blood he-
matocrit, hemoglobin, and albumin, and urine protein levels.

Measurements of the skin thickness

The thickness of the skin of the leg was measured using a 
B-scan portable ultrasonography device, the SonoSite 180 
plus (SonoSite, Inc. WA, USA) (Figure 1A). The skin thickness 
measurements included the epidermis, dermis, and subcu-
taneous tissue above the fascia and muscle of both legs. 
Ultrasonography was performed at 27/28 (27 or 28) and/or 
37/38 (37 or 38) weeks of pregnancy (once or twice). Fifty-
two legs of 13 women were measured twice at both 27/28 
and 37/38 weeks, six legs of three women were measured at 
27/28 weeks, and 40 legs of 20 women were measured once 
at 37/38 weeks. An ultrasonography probe (5 MHz) was placed 
on the skin of the lower leg  at the specific point, including at 
6 cm from the upper part of the medial malleolus and 1 cm 
inside the anterior border of the tibia (Figure 1B). This point 
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was chosen for their ease of use in the ultrasonography tech-
nique as at the specific measurement point, there were few 
other structures between the skin and bone with a thin por-
tion of the soleus muscle. When the skin thickness was being 
measured, the women repeatedly performed anteflexion and 
retroflexion of the ankle (Figure 1B). Because the skin thick-
ness measurements included the epidermis, dermis, and sub-
cutaneous layers above the fascia and muscle, movements of 
the ankle resulted in the movement of the fascia and muscle 
layers, but not the skin, which allowed identification of the 
skin layer. Using ultrasonography, the distance between the 
skin surface and the upper part of the fascia was measured 
as the skin thickness, which included the epidermis, dermis, 
and subcutaneous tissue layer (Figure 2A, 2B).

Assessment and grading of edema of the lower leg

At the same time as the quantitative measurements of skin 
thickness were being performed, a qualitative evaluation of 
the degree of physiologic pitting edema of the skin of the 
lower leg was performed. Finger pressure was applied to the 
swollen area of skin to determine whether an indentation 
formed that persisted after removal of pressure. The grades of 
pitting edema were as follows: Grade 0, negative for edema, 
with no persisting indentation after release of finger pressure; 
Grade 1, mild pitting edema (slight indentation) that disap-
peared within 10 seconds; Grade 2, moderate pitting edema 
that disappeared after 10–15 seconds; Grade 3, severe pitting 
edema that lasted for more than 15 seconds, after release of 
finger pressure. Also, bilateral lower leg circumference was 
measured using a tape measure as a conventional method of 
assessment of lower leg edema, with measurements taken at 
the specific point described above.

Statistical analysis

Statistical analysis was performed using the JMP Pro statistical 
software program, version 12 (SAS Institute Japan, Tokyo, 
Japan). The results were presented as the mean ±SEM and 
compared using a one-way analysis of variance (ANOVA). 
The required sample size was calculated based on analysis of 
the mean ±SEM measurements of the thickness of the skin 
of the legs in 10 women with edema vs. 10 women without 
edema (a level, 5%; power, 90%). Receiver operating charac-
teristic (ROC) curves were prepared using logistic regression 
analysis and cutoff levels were calculated using Youden’s index. 
Correlations between the measurement of skin thickness by 
ultrasonography and the degree of pitting edema were calcu-
lated using a rank correlation analysis and compared using 
Spearman’s rank correlation coefficient. The correlation be-
tween the difference in the bilateral lower leg circumference, 
the difference in the bilateral lower leg skin thickness and the 
hematocrit at 37/38 and 27/28 weeks of pregnancy was cal-
culated by multivariate correlation analysis. The coefficient of 
each correlation was compared using Pearson’s correlation 
coefficient. P-values of <0.05 were considered to indicate sta-
tistical significance.

Results

The skin thickness of the leg in pregnant women with 
edema and pregnant women without edema

Thirty-six pregnant women (17 primiparas and 19 multiparas) 
at 27/28 and 37/38 weeks of pregnancy, with and without leg 
edema, had their lower leg skin thickness measured using a 
B-scan portable ultrasonography device (72 legs and maximum 
of 98 measurements). Qualitative evaluation of pitting edema 

A B Figure 1. �The portable ultrasonography 
device and its use in measuring 
skin thickness. (A) The portable 
ultrasonography device. (B) The 
lower edge of the probe was set 
at 6 cm from the upper part of the 
medial malleolus and 1 cm inside the 
anterior border of the tibia. During 
measurement of the skin thickness, 
the woman repeatedly performed 
anteflexion and retroflexion of the 
ankles.
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of the skin of the lower leg used the pressure method (posi-
tive: Grade ³1). Using ultrasonography, the distance between 
the skin surface and the fascia, between the epidermis, dermis, 
and subcutaneous layers, was used as the measurement of 
skin thickness in the legs of pregnant women without edema 
(Figure 2A) and in legs with edema (Figure 2B). Skin thickness 
of the legs in pregnant women with edema was significantly 
increased compared with that in pregnant women without 
edema (6.4±0.3 mm vs. 4.6±0.4 mm) (p=0.0001). (Figure 3).

The relationship between the skin thickness on B-scan 
ultrasonography and the degree of pitting edema in non-
obese and obese pregnant women

The degree of pitting edema was graded qualitatively (Grade 
0, 1, 2, and 3) and compared with the quantitative skin thick-
ness measurements from ultrasonography. Using Spearman’s 
correlation on the ranked values of the data, there was a sig-
nificant correlation between the degree of pitting edema 
and the skin thickness of all legs (r=0.56, n=98) (p<0.0001) 
(Figure 4A). There was a significant correlation between the 
degree of pitting edema on skin pressure and the skin thick-
ness measured on ultrasonography in the non-obese group 
(r=0.56, n=86) (p<0.0001) (Figure 4B) and in the obese group 
(r=0.83, n=12) (p=0.0008) (Figure 4C).

The thickness of the skin of the leg in non-obese and 
obese pregnant women

There was no significant difference in the thickness of the skin 
of the leg between non-obese and obese pregnant women 
in the non-edematous group (4.5±0.2 mm vs. 5.3±1.8 mm) 
(Figure 5). However, the thickness of the skin of the leg was 
significantly increased in obese pregnant women when com-
pared with non-obese pregnant women in the edematous 
group (5.7±0.2 mm vs. 11.3±1.3 mm; 1.97-fold) (p<0.0001).

Receiver operating characteristic (ROC) curves and 
cutoff levels of the skin measurements, sensitivity, and 
specificity of the ultrasound method

The plot of the ROC curve was used to determine the sensitivity 
(the true positive rate, on the Y-axis) and 1 – the specificity 
(the false-positive rate, on the X-axis) across a series of cutoff 

A B

Figure 2. �Ultrasonography measurements of skin thickness in women with and without leg edema. (A) Using ultrasonography, the 
distance between the skin surface and the fascia was measured as the skin thickness (between the epidermis, dermis, and 
subcutaneous layers). The skin thickness was 3.1 mm in a pregnant woman without edema. (B) The skin thickness was 
14.4 mm in a pregnant woman with edema. 1=the skin epidermal layer; 2=the skin dermal layer; 3=the subcutaneous layer.
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Figure 3. �Comparison of the thickness of the skin of the leg with 
and without edema. The thickness of the skin of the 
leg with edema was significantly increased compared 
with the skin of the leg without edema (6.4±0.3 mm 
vs. 4.6±0.4 mm) (p=0.0001)
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points (Figure 6A–6C). Data from the use of the Youden index 
of the maximal vertical distances from the line of equality to 
the point (x, y) are shown in Figure 6A–6C. The farthest dis-
tance between two points in each ROC curve was calculated 
as the cutoff level. Using ultrasonography, the cutoff level for 
the measurement of skin edema compared with non-edema 
in all legs was 4.7 mm, with a sensitivity of 83.9% (52/62), a 
specificity of 66.7% (24/36), and an accuracy of 77.6% (76/98) 
(Figure 6A). The cutoff level in non-obese pregnant women was 
4.7 mm, with a sensitivity of 81.5% (44/54), a specificity of 
71.9% (23/32), and an accuracy of 77.9% (67/86) (Figure 6B). 
The cutoff level in obese pregnant women was 7.5 mm, with 
a sensitivity of 87.5% (7/8), a specificity of 75.0% (3/4), and 
an accuracy of 83.3% (10/12) (Figure 6C).

Comparison of the measurement values obtained at 37/38 
and 27/28 weeks of pregnancy from multivariate analysis

The differences of five measurements were compared, including 
the bilateral leg skin thickness, the bilateral leg circumferences, 
and the hematocrit level, using multivariate analysis (Figure 7). 
The differences between the left and right circumference mea-
surements at 37/38 and 27/28 weeks were positively corre-
lated (r=0.60, p=0.03), and the differences between the left 
and right leg skin thickness measured using ultrasonography 
at 37/38 and 27/28 weeks were positively correlated (r=0.61, 
p=0.03). Other measurements showed no significant correlation.
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Figure 4. �Correlation between the degree of pitting edema and the skin thickness in the legs of obese and non-obese pregnant 
women. (A) There was a significant correlation between the degree of pitting edema and the skin thickness on 
ultrasonography in all legs (r=0.56; n=98; p<0.0001). (B) There was a significant correlation between the degree of pitting 
edema and the skin thickness in the legs of non-obese women (r=0.56; n=86; p<0.0001). (C) There was a significant 
correlation between the degree of pitting edema and the skin thickness in the legs of obese women (r=0.83; n=12; 
p=0.0008).

5
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Yanagisawa N. et al.: 
US measurement of leg skin thickness in pregnant women
© Med Sci Monit, 2019; 25: 1-9

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Edema (–)
Non-obese

N=32

N=8

4.5±0.2

N=54

5.7±0.2
N=4

5.3±1.8

11.3±1.3

16

14

12

10

8

6

4

2
Edema (–)

Obese
Edema (+)
Non-obese

Edema (+)
Obese

p<0.0001

p<0.0001

p=0.02

M
ea

su
rm

en
t (

m
m

)

NSNS

Figure 5. �The thickness of the skin of the leg between non-obese 
and obese women with and without leg edema. No 
significant difference was found in the thickness of the 
skin of the leg between non-obese and obese women 
without leg edema (4.5±0.2 mm vs., 5.3±1.8 mm, NS). 
However, the thickness of the skin of the leg was 
significantly increased in obese women compared with 
non-obese women in the edematous group (5.7±0.2 
mm vs. 11.3±1.3 mm; 1.97-fold; p<0.0001).
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Figure 6. �Receiver operating characteristic (ROC) curves and cutoff measurements of edema and non-edema in obese and non-obese 
women. (A) The receiver operating characteristic (ROC) curve was drawn by logistic analysis. The cutoff level of edema and 
non-edema measurements using ultrasonography in all legs was 4.7 mm. (B) The cutoff level of edema and non-edema 
measurements using ultrasonography in non-obese women was 4.7 mm. (C) The cutoff level of edema and non-edema 
measurements using ultrasonography in obese women was 7.5 mm.
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Discussion

Previously published studies on the measurement of the 
thickness of the skin of the leg using ultrasonography have 
been reported in patients with chronic venous disease [11], 
lymphedema [12,13], synovitis with pitting edema syndrome 
(RS3PE) [14], and age-related diurnal changes of dermal 
edema [15]. Most of these previous studies have shown var-
ied ultrasound patterns of subcutaneous edema. There have 
been previously published studies that have used ultrasound 
to measure dermal thickness [16–18]. One previously published 
report described the use of ultrasonography in the measure-
ment of the dermal and subcutaneous skin thickness of the 
forehead and tibia in the evaluation of thigh pressure cuffs [19]. 
Another study described an increase in subepidermal edema 
in people with diabetic neuropathy and ulceration using an 
ultrasound scanner [20]. To our knowledge, the present study 
was the first to use portable ultrasonography to measure and 
compare the thickness of the skin of the leg, including the epi-
dermis, dermis, and subcutaneous tissue, of pregnant women 
with and without edema. Also, the method used described 
how to identify the skin layers by the use of anteflexion and 
retroflexion ankle movements, as the fascia and muscle lay-
ers moved, while the skin layer did not.

Edema affects about three-quarters of pregnant women, usu-
ally from weeks 22–27 of pregnancy. Leg and foot edema oc-
curs when circulating blood volume increases to provide oxy-
gen and nutrients to the mother and growing fetus, and due 
to the increase in intrapelvic pressure, from the gravid uterus, 
on the pelvic veins and vena cava, which returns blood from 
the lower limbs to the heart [2,21]. The pressure slows the re-
turn of blood from the legs and feet, causing it to pool, which 
forces fluid from the veins into the tissues of the legs and feet. 
Therefore, edema is most likely to affect women during the 
third trimester of pregnancy.

Leg and foot edema is a frequent and unpleasant accom-
paniment to pregnancy, causing pain on walking in severe 
cases [22]. Therefore, this study focused on the measurement 
of the thickness of the skin of the leg using ultrasonography to 
diagnose leg edema easily and accurately at an early stage. In 
the present study, the skin thickness was measured between 
the epidermis, dermis, and subcutaneous tissue, which can be 
difficult to distinguish on ultrasound. However, the identifica-
tion of the subcutaneous fascia at the selected points of mea-
surement provided a high-echo landmark that could be and 
is easily identified, particularly when the use of ankle move-
ment distinguished between the mobile muscular fascia and 
the immobile skin tissue layer.

The anterior border of the tibia was determined to be the most 
easily detected point when the women performed anteflexion 
and retroflexion of their ankles. Edematous skin of the leg 
during pregnancy thickens uniformly and it was possible to ob-
tain precise measurements using ultrasound. This ultrasound 
method showed that the skin thickness of edematous legs was 
significantly increased when compared with non-edematous 
legs (p=0.0001). Also, the skin thickness measured by ultraso-
nography and the degree of pitting edema were significantly 
correlated. The results of the pitting edema method, using fin-
ger pressure and a grading system, showed some variation be-
tween the method of measurement and the operator interpre-
tation of the grades, which might be expected in a qualitative 
and subjective method of evaluating leg edema. In contrast, 
the advantage of measurements using ultrasonography was 
that this was an objective method and different operators re-
ported consistent results.

The findings of this study also showed that the use of B-scan 
ultrasound to measure skin thickness was a reliable approach 
for the identification of cases of edema, supported by the pos-
itive correlation observed between the differences in the bilat-
eral leg skin thickness as determined by multivariate correla-
tions analysis, as edema during pregnancy occurs bilaterally and 
equally in the legs and feet. Calculation of the cutoff level for 
the presence of edema, when compared with no edema, was 
4.7 mm, although this was only a guide and some exceptions 

R-
Circum-
ference

L-
Circum-
ference

L-
ultrasound

R-
ultrasound

r=0.61
p=0.03

r=0.60
p=0.03

hemetocrit

Figure 7. �Left and right leg thickness measurements using 
ultrasonography at 37/38 and 27/28 weeks of 
pregnancy. The differences of five measurements 
between 37/38 and 27/28 weeks of pregnancy were 
compared using multivariate correlation analysis, in 
all combinations. The differences between the left 
and right leg circumference measurements at 37/38 
and 27/28 weeks were positively correlated (r=0.60, 
p=0.03) and the differences between the left and right 
leg skin thickness measured using ultrasonography 
at 37/38 and 27/28 weeks were positively correlated 
(r=0.61, p=0.03).

7
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Yanagisawa N. et al.: 
US measurement of leg skin thickness in pregnant women
© Med Sci Monit, 2019; 25: 1-9

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



were noted. However, when all legs included in the study were 
evaluated, this cutoff level showed a high degree of diagnostic 
sensitivity (83.9%), specificity (66.7%) and accuracy (77.6%). 
After dividing the pregnant women in the study into a non-
obese and obese group, the specificity (formerly 66.7%) rose 
to 71.9% and 75.0%, respectively. Although these sensitivity, 
specificity, and accuracy rates might limit the utility of skin 
thickness measurement using portable ultrasonography, it is 
possible that these rates could be improved by combining this 
approach with the pitting edema method. While measurements 
using ultrasonography were not performed after treatment 
in this study, it is possible that this approach will also prove 
useful for the assessment of the effects of treatments for leg 
and foot edema. The future development of methods for mea-
suring the volume of fluid that accumulates in the skin layer 
might also lead to more accurate diagnosis and monitoring of 
lower limb skin edema.

In the present study, the evaluation of edema of the skin of the 
lower leg included the epidermis, dermis, and subcutaneous 
layers using ultrasonography. In edematous legs, the subcu-
taneous layer was found to be particularly thickened with a 
hypo-echoic pattern (Figure 2B). This finding is supported by 
a previous ultrasound study of the skin of C3 class leg edema 
that used the clinical etiology anatomy pathophysiology (CEAP) 
classification of venous disease, which also showed thickening 
of the subcutaneous layer [11].

In this study, in women with edema, the thickness of the skin 
of the legs in pregnant obese women was more significantly 
increased compared with that in pregnant non-obese women. 
The subcutaneous layer, or subdermal layer, consists mainly of 
adipose tissue and collagen and contains abundant lymphatic 
and blood vessels, making it a suitable environment for the 
accumulation of extracellular fluid, much of which is found 
in the collagen network that surrounds the adipocytes [23]. 
Zaleska et al. showed that the increase in limb volume in cases 

of lymphedema was partially caused by the expansion of adi-
pose tissue [24]. Because the subcutaneous layer of the leg in 
obese pregnant women is composed of adipose-rich tissue, a 
greater amount of fluid may collect in the subcutaneous layer 
when compared with the epidermis and dermis. This phenom-
enon explains the findings in the subcutaneous layer of preg-
nant obese women with edema when compared with pregnant 
non-obese women with leg edema, which was clearly demon-
strated by the use of portable ultrasound.

Conclusions

The findings of this study have shown that portable B-scan 
ultrasonography was able to quantitatively measure the in-
creased thickness of the skin of the leg in pregnant women. 
Portable ultrasonography was a reliable, objective, and quan-
titative method for identifying legs with and without edema 
and was without operator variability. The ultrasound device is 
portable, the imaging method is easy to use and produces con-
sistent results between operators. A doctor or midwife would 
be able to perform this imaging method easily in an outpa-
tient setting. An important finding of this study has shown 
that the subcutaneous layer of the skin of obese women who 
have leg edema during pregnancy shows significantly greater 
thickening when compared with pregnant non-obese women 
who have leg edema during pregnancy.
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