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ABSTRACT

Ultrasonography can be used to assess the pathology of lymphoedema. The aim of the present study was to

evaluate the validity of measuring the thickness of subcutaneous tissue with a Vscan portable ultrasound device

with a linear-type probe compared with the gold standard Noblus ultrasound device and to clarify the ability of the

Vscan to differentiate early- and late-stage lymphoedema. Ultrasound images of subcutaneous tissue in the 102

forearms of 51 healthy volunteers were assessed qualitatively and quantitatively. We identified the subcutaneous

tissue, and then qualitatively classified the clarity of the results. In the quantitative analysis, we calculated the

correlation, limits of agreement（LoA）, and counted the number of differences within and outside the LoA to

determine the cut-off point. Subcutaneous tissue could be discerned clearly in all images. Thicknesses measured

using the Vscan and Noblus were highly correlated （R
2
＝0.86；P<0.01）. A Bland-Altman plot revealed that

slightly higher thicknesses were measured with the Vscan；the difference between thickness measurements was

0.320 mm（LoA：-0.64 to 1.28）. Using the cut-off point, the Vscan can be used to estimate thickness within 5.0

mm of that measured with the Noblus. The Vscan will contribute to the management of patients with early-stage

lymphoedema.
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Introduction

Ultrasonography can be used to assess the pathology

of lymphoedema in real time, directly and noninvasively.

Upper limb lymphoedema is chronic oedema caused by

dysfunction of the lymphatic system in the upper limb

following axial lymph node dissection and radiotherapy1）

for breast cancer. It results from the accumulation of

protein-rich fluid in the skin and subcutaneous tissue2）

of the upper limb. In early-stage lymphoedema（stages

0, I and part of II）, as classified by the International

Society of Lymphology（ISL）3）, there is accumulation of

fluid. Subsequently, in advanced-stage lymphoedema

（ISL late stage II and stage III）the volume of fluid

increases and becomes an accumulation of lipids4）. These

changes in the skin and subcutaneous tissue due to

upper limb lymphoedema can be visualized on ultra-

sound images.

Some studies have identified particular aspects of

lymphoedema using ultrasonography4−9）. For example,

subcutaneous tissue is thicker and has a cobblestone

appearance on images acquired using 7.5- to 10-MHz

probes4−9）. The skin of affected limbs exhibits increased

thickness4） and numerous low echogenicity pixels

（LEP）5, 6） on images acquired using a 20-MHz probe.

These reports indicate that the accumulation of fluid and

lipids7） can be visualized on ultrasound images as

increased thicknesses of the skin and subcutaneous

tissue.

Although ultrasonography can be used to assess the

pathology of lymphoedema, its use in clinical settings is

currently limited by the lack of devices that can be

easily moved to different assessment locations. Patients

with lymphoedema need to be assessed in multiple

environments, including outpatient clinics, rehabilitation

rooms and home-care settings. This is because manage-

ment of patients with lymphoedema spans all stages of

the condition. We therefore focused on pocket ultra-

sound devices（PUD）, which are approximately the

same size as a smartphone. These devices can fit in a

clinicianFs pocket, are simple to operate, and provide

real-time images. Given their small size, PUD can be

easily transported between assessment locations.

Previous studies have reported the use of PUD to

examine cardiac patients10, 11） and perform abdominal

ultrasound12） using a sector-type probe. However,

because a sector-type probe focuses on deep areas of

the body, it is not suitable for assessing subcutaneous

tissue. Recently, PUD with a linear-type probe have

been developed, and are expected to be used for

measuring the thickness of subcutaneous tissue for

assessment of upper limb lymphoedema.

Several studies have examined the results of using

PUD with a linear-type probe, including bedside

screening for carotid artery stenosis13） and visual

assessment at several sites where pressure ulcers

frequently occur（ i. e. sacrum, greater trochanter,

heels）14）. However, these anatomical structures differ

from the limbs of patients with lymphoedema. Furth-

ermore, the validity of measuring the thickness of

subcutaneous tissue using a PUD has not yet been

confirmed.

The validity of measuring the thickness of sub-

cutaneous tissue using a PUD with a linear-type probe

needs to be assessed by comparison with traditional,

high-specificity ultrasonography. Furthermore, clarifi-

cation of the lymphoedema stage（early or advanced）

should be possible using a PUD for application in the

clinical setting.

Aim

The objectives of this study were to evaluate the

validity of measuring the thickness of subcutaneous

tissue using a PUD compared with using a standard

ultrasound device（SUD）for healthy subjects.

Materials and methods

1．Study design and participants

This observational study was performed between

April and July 2015. We recruited participants from a

university and the local community. At the university,

we informed two teachers who understood about this

study and then informed the students in their clas-

srooms. In the local community, we informed a group of

residents living in the same neighbourhood who were

interested in researches.

Participants who fulfilled the following criteria were

eligible for the study：more than 20 years old and no

oedematous disease in the upper limbs. Participants

with skin disease or evidence of skin trauma at the
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measurement site on the forearm were excluded.

All protocols were approved by the ethics committee

at Kanazawa University（No. 587-1）, and all partici-

pants signed an informed consent form prior to

participation in the study.

2. Ultrasound devices

The PUD selected for the present study was the

Vscan（Vscan dual probe；General Electric Vingmed

Ultrasound, Horten, Norway）, which has a linear probe.

The SUD was the Noblus（ Hitachi Aloka Medical,

Tokyo, Japan）, the gold standard for ultrasonography in

both research and clinical settings. According to the

efficiency of the Vscan, we focused on measuring the

thickness of subcutaneous tissue excluding the skin and

assessing the internal echo.

The Noblus is 350×380×513 mm（width×height×

depth）, weighs 9 kg, and has a screen size of 300×350

mm. This portable ultrasound device can be transported

on a cart（Fig. 1a）. The images generated using its

10-MHz linear-type probe have a distance resolution of

0.8 mm with display resolution of 3,114×4,448 pixels.

This type of ultrasound device is used most often in

clinical settings and research facilities.

The Vscan is 135×73×28 mm, weighs 400 g, and has

a screen size of 70×25 mm（Fig. 1b）. This hand-held

device easily fits into a clinicianFs pocket. The images

generated using its 5.2-MHz linear-type probe have a

distance resolution of 2.0 mm with display resolution of

240×320 pixels.

3．Procedures

Before the start of measurements, the investigator

marked the measurement site at 10 cm proximal to the

ulnar styloid process5） on both medial forearms of

participants using a dermatological pen（Fig. 2）. The

participants sat in a chair with the arm supported

initially in abduction. The examiner measured the

circumference of each participantFs arm three times at

the marked point. The thickness of the subcutaneous

tissue was then measured using the Noblus and Vscan.

Both ultrasound devices were operated by a researcher

who was instructed on how to perform the assessment

and has experience for lymphoedema assessment by

ultrasonography over five years.

The examinations were initially performed using the

Noblus, and then the same researcher repeated the

examination using the Vscan. The examiner set the

probe on the marked site longitudinally. Images were

recorded in the native format for the specific device. The

gain was adjusted to increase the resolution of the

deeper boundaries and compensate for the natural

attenuation of signals as the ultrasound waves passed

through the tissue. In each image of the subcutaneous
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Fig. 1 Portable ultrasound device（ Noblus ）（ a）and hand-held ultrasound device

（Vscan Dual Probe）（b）.

The Noblus is transported on a cart. The Vscan is small enough to fit in a clinicianFs pocket.

（ａ）

（ｂ）



tissue, we measured the thickness using the software

provided with the respective devices. When measuring

the subcutaneous tissue, we initially identified the

subdermal layer and deep fascia, and then measured the

centre of these images, because this point was matched

with the centre of the probe （Fig. 3）. We obtained

three images and measured the thickness three times at

the same point. Mean thicknesses were used for

subsequent analyses. In a pilot study, a researcher

calculated an intraclass correlation coefficient（ICC）of

0.96 for the Noblus and 0.98 for the Vscan.

4．Analysis

1）Qualitative analysis

Firstly, we identified the subdermal layer and deep

fascia as the boundaries to define the subcutaneous

tissue4, 6, 7）. The Vscan has a lower resolution than the

Noblus；therefore, we evaluated the feasibility of

identifying the subcutaneous tissue even if it thickens.

We compared the findings of the subdermal layer and

deep fascia qualitatively between normal weight［body

mass index（BMI）<25 kg/m2］and overweight（BMI

≥25 kg/m2 ）individuals15） in consideration of clinical

applications for a PUD.

These images were visually classified as very clear,

clear, or unclear. We defined very clear as images with

clearly observable features, clear as images with clearly

observable features, but with some indistinct findings,

and unclear as images without any observable features.

2）Quantitative analysis

The correlation between the thicknesses of sub-

cutaneous tissue measured using the Vscan and Noblus

was analysed using PearsonFs correlation coefficient.

Subsequently, a Bland-Altman plot was generated to

evaluate the level of agreement between the two

methods. Bland-Altman plot analysis is a way to

evaluate a bias between mean differences, and to

estimate an agreement interval16）. In the present study,

the Bland-Altman plot is a scatterplot of the mean of the

subcutaneous thicknesses measured using the Vscan

and Noblus plotted against the differences in measure-

ments between the two methods. This plot provides a

visual representation of the level of agreement between

the differences in subcutaneous thicknesses［（ thick-

ness by Noblus）−（thickness by Vscan）］determined

by both methods. The average of the differences allows

us to estimate whether one of the two methods

underestimated or overestimated the thickness more

than the other. The other two lines in the plot represent

the limits of agreement（LoA）. If the points on the

graph are between the LoA, the two methods provide

consistent results. Furthermore, to determine the

cut-off point for the Vscan when measuring the

thickness of subcutaneous tissue, we counted the

number of differences within and outside the LoA.

Statistical analysis was conducted using JMP® statis-

tical software（SAS Institute, Cary, NC, USA）. Descrip-

tive data were expressed as mean and standard

deviation for continuous variables and were analysed

statistically. P values < 0.05 indicated statistical signifi-

cance.

5．Data availability

The datasets analysed during the current study are

not publicly available because it is not included in

contents of the ethical approval, but datasets are

available from the corresponding author on reasonable

request.

― 13 ―

Fig. 2 Illustration of the process for determining the site on

the forearm for measuring the thickness of subcutaneous

tissue.

A hypothetical straight line was drawn from the midpoint

（blue circle）between the ulna and radius to the medial

epicondyle. The point along the line 10 cm proximal to the

ulnar styloid process was marked with a dermatological pen

as the measurement site（red circle）.



Results

Fifty-one students and residents who agreed to

participate in the study were enrolled and 70% were

females. The mean age at the day of measurement was

41.5±20.8 years, and the mean BMI was 23.2±4.8 kg/m2.

We analysed 102 limbs from all participants both of the

right and left forearms（right 22.8±2.9 cm, left 22.5±2.8

cm）.

For the qualitative findings, subcutaneous tissue could

be discerned in all images by locating the dermal layer

and deep fascia in both normal weight（Fig. 4）and

overweight cases（Fig. 5）. Although we were able to

discern the subcutaneous tissue clearly in all images, the

rate of very clear for the Vscan was lower than that for

the Noblus, especially in the overweight cases（Table

1）.

Fig. 6 shows a plot of the subcutaneous thicknesses

measured using the Noblus and Vscan. The thicknesses

of subcutaneous tissue in the forearm represent the

mean of three measurements（Noblus：3.20±1.74 mm,

Vscan：2. 88±1. 54 mm, respectively）；PearsonFs cor-

relation coefficient for the thicknesses measured by the

Noblus and Vscan was high（R2＝0.86；p<0.01）.

The Bland-Altman plot in Fig. 7 indicates agreement

between the thicknesses measured using the Noblus

and Vscan. The horizontal lines represent the average of

the differences, the upper and lower LoA and the mean

difference of 0.32±0.59（95% confidence interval：0.20-

0.43）. Slightly higher differences were obtained between

the thicknesses measured using the Vscan. The 95%

LoA ranged from -0.64 to 1.28.

The distribution of the differences within and outside

the LoA showed a large number of differences within

the LoA when the thicknesses measured using the

Noblus were less than 5.0 mm（Table 2）.

LYMPHOEDEMA RESEARCH AND PRACTICE, Vol. 6, No. 1, 2018
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Fig. 3 Alignment of the measurement site and the center of the probe：Vscan（a）and Noblus（b）.

Imaging of subcutaneous tissue and selection of the measurement point（center of image）：Vscan

（c）and Noblus（d）.

（ａ） （ｃ）

（ｂ） （ｄ）



Discussion

We showed in this validation study that a PUD with a

linear-type probe can be used to measure the thickness

of subcutaneous tissue in the medial forearm. To the

best of our knowledge, this is the first study to reveal the

feasibility and validity of measuring the thickness of

subcutaneous tissue using a hand-held ultrasound device.

The subcutaneous tissue could be identified clearly in all

images acquired by the Vscan, and thicknesses mea-

sured using the Vscan correlated highly with those

measured using the Noblus. Furthermore, at thicknes-

ses less than 5.0 mm, the Vscan was able to measure the

thickness of subcutaneous tissue within the LoA.

The gold standard for the assessment of lymphoede-

ma is measuring the circumference of the affected and

unaffected limbs17）. The site recommended for measur-

ing the arm circumference is located 10 cm distal from

the elbow18）. This site was used in the present study.

Circumference measurements are very easy, and have

excellent intra-rater and inter-rater reliability18）.

However, differences less than 0.5 cm, including error,

cannot be assessed using circumference measurements.

Furthermore, circumference measurements include the

skin, muscle, bone, fat and fluid19）, which makes assess-

ment of the pathology of lymphoedema difficult.

In the qualitative assessment, the subcutaneous tissue

could be identified clearly in all images acquired by the

Vscan. In the quantitative analysis, the thicknesses of

subcutaneous tissue measured using the Vscan were

highly correlated with those measured using the Noblus

（R2=0.86, P≤0.01）. In the Bland-Altman analysis, the

difference between the Noblus and Vscan was 0. 320

（LoA：-0.64 to 1.28）, indicating that thicknesses mea-

sured using the Vscan were thinner than those

measured using the Noblus. The distribution of differ-
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Fig. 4 Example images of subcutaneous tissue acquired using the Noblus and Vscan

（normal weight case）.

The participant（a）was a 20-year-old female with a BMI of 20.4 kg/m2. The dermal

layer and deep fascia are visible in both images. The thickness of the subcutaneous tissue

was 3.4 mm by Noblus（b）and 3.7 mm by Vscan（c）.

（ａ）

（ｂ） （ｃ）
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Fig. 5 Example images of subcutaneous tissue acquired using the Noblus and Vscan

（overweight case）.

The participant（a）was a 20-year-old female with a BMI of 32.8 kg/m2. The dermal

layer and deep fascia are visible in both images. The thickness of the subcutaneous tissue in

the left arm was 6.1 mm by Noblus（b）and 5.2 mm by Vscan（c）.

（ａ）

（ｂ） （ｃ）

Table 1 Qualitative assessment of detecting the dermal layer and deep fascia using the Vscan and Noblus

BMI＜25 kg/m2（n＝72） BMI≥25 kg/m2（n＝30）

Vscan Noblus Vscan Noblus

Dermal layerａ）

Very Clear 61（84.7） 67（93.1） 22（73.3） 23（76.6）

Clear 11（15.2） 5（6.9） 8（26.7） 5（16.6）

Unclear 0（0.0） 0（0.0） 0（0.0） 0（0.0）

Deep fasciaａ）

Very Clear 59（81.9） 71（99.7） 20（66.7） 28（93.4）

Clear 13（18.1） 1（1.3） 10（33.3） 2（6.6）

Unclear 0（0.0） 0（0.0） 0（0.0） 0（0.0）

Number（%）

BMI：Body mass index．ａ；Very clear：each feature clearly visible，Clear：some features partly unclear，

Unclear：no visible features



ences within and outside the LoA indicated that most of

the differences at thicknesses over 5.0 mm were outside

the LoA. In a previous study, the mean thickness of

subcutaneous tissue in the medial forearm on the

affected side in patients with upper limb lymphoedema

was 5. 5±2. 2 mm, while the mean thickness on the

unaffected side was 3.3±2.0 mm4）. The participants in

that study were likely patients with advanced lym-

phoedema. Our results suggest that the Vscan will be

able to measure clearly the thickness of subcutaneous

tissue in patients with early-stage（ stage 0 or I ）

lymphoedema.

This study has a limitation. The Noblus and Vscan

were not used in a random order. All images were first

acquired using the Noblus, followed by the Vscan. This

indicates that images of subcutaneous tissue can be

acquired easily using the Vscan following use of the

Noblus. However, the Vscan could be focused easily on

subcutaneous tissue, and images could be acquired

easily in all cases. Therefore, problems are not likely to

be encountered when obtaining images of subcutaneous

tissue using only the Vscan.

In this study, we evaluated the validity of measuring

the thickness of subcutaneous tissue using a Vscan with

a linear-type probe by comparison with measurements

obtained using a Noblus. Clinically, measuring the

thickness of subcutaneous tissue using ultrasonography

systems such as the Noblus is the standard method to

assess patients with lymphoedema. A hand-held device

with appropriate specificity would be useful for assess-

ment of patients with early-stage lymphoedema in

clinical settings. The Vscan is compact and easy to use;

therefore, it will contribute to improvement of lym-

phoedema assessment.

― 17 ―

Fig. 7 Bland-Altman plot of thicknesses of subcutaneous

tissue measured using the Noblus and Vscan. LoA: limit of

agreement.Fig. 6 Correlation of thicknesses of subcutaneous tissue

measured using the Noblus and Vscan.

Table 2 Distribution of differences in subcutaneous thicknesses measured using the Noblus

and Vscan within and outside the LoA

Thickness measured using

Noblus（mm）
n

Difference between

Noblus and Vscan（mm）

Within

LoA（n）

Outside

LoA（n）

t＜2.0 24 -0.04（-0.50−0.35） 24 0

2.0≤t＜3.0 31 0.26（-0.84−0.74） 30 1

3.0≤t＜4.0 20 0.28（-0.65−1.02） 19 1

4.0≤t＜5.0 15 0.50（-0.12−1.53） 14 1

5.0≤t＜6.0 8 1.61（-0.87−3.23） 3 5

t≥6.0 4 0.77（-0.46−1.64） 2 2

Total 102 92 10

t：thickness of subcutaneous tissue measured using Noblus，n：number，LoA：limit of agreement

Differences between the Noblus and Vscan are shown as the median and range.



Conclusion

The Vscan can measure the thickness of sub-

cutaneous tissue in the forearm to within 5. 0 mm of

thicknesses measured when using the Noblus. This

device will contribute to management of patients with

early-stage lymphoedema.
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上肢リンパ浮腫評価向上に向けたポケット型エコーの皮下組織厚計測の

妥当性評価
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要 旨

【背景と目的】リンパ浮腫患者の病態評価に超音波画像診断装置（エコー）を用いた真皮・皮下組織観察は有効な方

法である。本研究では，臨床や在宅への応用が期待されるポケット型エコーである V scan を高性能エコーである

Noblus と比較して，皮下組織厚計測の妥当性を検証した。

【方法】研究デザインは横断観察研究で，対象は健康成人 51 名の 102 肢とした。前腕内側にエコーのリニア型プ

ローブを長軸に当て皮下組織厚を計測した。Vscan と Noblus で計測した皮下組織厚を比較し，誤差範囲（LoA）

及び Bland-Altman プロットによる妥当性評価を行った。本研究は金沢大学医学倫理審査委員会の承認を得た。

【結果】健康成人 51 名の 102 肢に対して実施した。ポケット型エコーV scan は高性能エコーNoblus で計測した皮

下組織厚と高い相関を示した（R2＝0.86；P＜0.01）。Bland-Altman plot では，V scan で計測した皮下組織厚の値

がNoblus に比較して 0.320 mm厚かった（LoA：-0.64 to 1.28）。また，5.0 mm以内の皮下組織厚の場合に高い妥

当性が示された。

【結論】ポケット型エコーによる前腕内側の皮下組織厚計測に，ポケット型エコーは有用であることが示唆された。

ただし，皮下組織厚 5.0 mm 以内の対象者への計測が望ましく，皮下組織の薄い早期リンパ浮腫患者への適用が期

待される。

キーワード：リンパ浮腫，ポケットエコー，皮下組織厚，妥当性
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