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Introduction: Depth assessment is important for severe pressure ulcers (PUs); however, a 

device for the metric measurement of wounds, including depth, is lacking in clinical settings. 

Recent technological advancements have enabled the evaluation of the depth of wounds, and 

three-dimensional measurements are now available. The aim of this study was to test the util-

ity of a newly developed three-dimensional wound measurement device in the clinical setting.

Methods: We recruited three patients, each with a PU, who were being treated by a PU team at 

a university hospital. We measured the length, width, area, and maximal depth of the ulcers by 

using the device and with the conventional method. The ulcer volume was measured only with 

the device. The difference in measurement results of the device before and after debridement was 

compared in the first patient. The difference in measurement results between the conventional 

method and the device was compared in the second patient. Correlation coefficients between 

the conventional method and the device obtained from longitudinal data were calculated in the 

third patient.

Results: The changes in measurements between before and after debridement were easily 

detected by the device in the first patient. Although the maximal depth was different, the length, 

width, and area were consistent between the conventional method and the device in the second 

patient. The correlation coefficients of the length, width, and area between the conventional 

method and the device were 0.35, 0.48, and 0.59, respectively, in the third patient whose PU 

exhibited a vague wound edge.

Conclusion: Although two-dimensional measurements were comparable between the con-

ventional method and the device, there were some challenges to performing three-dimensional 

measurement more precisely. A further study is needed to determine the specific characteristics 

of wounds that result in poor measurement accuracy.
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Background
The prevalence of pressure ulcers (PUs) dramatically decreased within a decade fol-

lowing the recognition that PUs are a central cause of deterioration in elderly people.1,2 

However, severe PUs are still a challenge in clinical settings,3 being a major cause of 

fatal infection. Although assessing the depth of such severe PUs is important for moni-

toring, only macroscopic observations, such as those obtained with the DESIGN-R® 

tool,4 are performed owing to the lack of a device for precisely measuring the depth 

in clinical settings.

Recently, a three-dimensional wound measurement device, inSightTM (eKare, Fair-

fax, VA, USA), has been developed. The device is attached to an Apple iPad miniTM for 
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the measurement of wound dimension. A previous study that 

used an artificial wound model and an animal wound model 

demonstrated an improvement in measurement accuracy and 

a significant reduction in measurement time compared with 

a conventional method.5,6 However, in such wound models, 

wounds can be easily measured because of the readily detect-

able wound edge. Thus, it is still unknown whether the device 

can be applied to patients with PUs with various wound edge 

characteristics in the clinical setting. Recently, the PU team 

of our university hospital has begun using inSightTM during 

clinical rounds. In this study, we aimed to discuss the utility 

of this three-dimensional wound measurement device in the 

context of severe PUs.

Methods
Setting and participants
This case study was conducted at a university hospital in an 

urban area of Tokyo, Japan. We recruited three inpatients with 

a PU. The three patients provided written informed consent 

to participate in this research and to have the case details and 

images published. The procedure of the present study was 

approved by the ethics committee of the Graduate School of 

Medicine, The University of Tokyo.

Three-dimensional wound measurement
A three-dimensional wound measurement device (inSightTM) 

was used in this study. It consists of an Apple iPad miniTM, a 

Structure Sensor, and computer vision algorithms. The region 

of interest on the depth map was defined by using the wound 

edge, which is provided by the structure sensor. The region 

of interest on the depth map was then transformed into a 

three-dimensional space where the metric measurement was 

performed. Wound border segmentation was performed by 

using the interactive Graph Cuts algorithm developed by 

Boykov and Jolly.7 The wound area was distinguished from 

the non-wound area through simple finger swipes on the 

touch screen of the iPad miniTM. The segmentation result 

was displayed in real time, and the user had the flexibility to 

fine-tune the segmentation as needed.5,6

Wound measurement
During the clinical rounds of the PU team for patients 

included in this study, we photographed the PUs by using 

a digital camera and evaluated the wound healing status by 

using DESIGN-R®.4 DESIGN-R® consists of seven items: 

depth, exudate, size, inflammation/infection, granulation 

tissue, necrotic tissue, and undermining. A higher score 

indicates a worse condition of the PU. Then, we measured 

the length, width, area, and maximal depth of the wound 

by using an image analyzing software (ImageJ; National 

Institutes of Health, Bethesda, MD, USA), which served as 

reference measurements. The wound was also analyzed by 

using inSightTM during clinical rounds of the PU team. Wound 

characteristics, including the length, width, area, maximal 

depth, and volume, were calculated in accordance with the 

company’s product description.

Statistical analyses
To examine the utility of inSightTM, we performed compari-

sons 1) between the measurement results before and after 

debridement and 2) between the reference measurements and 

the device measurements. For repeatedly measured data, we 

calculated Pearson’s correlation coefficients.

Results
Comparison of the measurement results 
between before and after debridement
The first patient was a man in his 70s who exhibited decreased 

consciousness because of hepatic encephalopathy. A PU 

developed near his right lateral malleolus. Figure 1A and 

C shows the gross appearances of the wound before and 

after debridement, and Figure 1B and D shows the mea-

Figure 1 Gross appearance and measurement results of the first patient before and 
after debridement.
Note: (A) Gross appearance before debridement, (B) measurement results before 
debridement, (C) gross appearance after debridement, and (D) measurement 
results after debridement. The bar indicates 1.0 cm.
Abbreviation: Max, maximum.

A B

C D
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Table 1 Measurement results before and after debridement

Measurement items Before After

Maximum depth (cm) 0.0 0.1
Area (cm2) 1.7 2.1
Volume (cm3) 0.0 0.1

plots of the reference measurements and the inSightTM 

software measurements. The correlation coefficients of the 

length, width, and area were 0.35, 0.48, and 0.59, respectively.

Discussion
The present study examined the utility of a newly developed 

three-dimensional wound measurement device, inSightTM. 

As a result, we found that this device has both advantages 

and disadvantages.

To assess whether the device can determine the wound 

area, maximal depth, and volume change after debridement, 

we compared the measurement results between before and 

after debridement in the first patient. We hypothesized that the 

measurement results after debridement would be larger than 

those before debridement because debridement is expected 

to increase the wound area, maximal depth, and volume. 

The results were consistent with our hypothesis, which 

suggests that inSightTM may be a valid tool for intra-patient 

measurement.

To examine the consistency between the reference 

measurements and the inSightTM measurements, the PUs of 

the second and third patients were measured. Whereas the 

length, width, and area were highly consistent between the 

two methods, the device-enabled maximal depth value was 

surement results indicated on the touch screen of the iPad 

miniTM. The DESIGN-R® score at the first examination was 

D3-e1s3i0G5N3p0 (12 points). The inSightTM software-

enabled measurements of the PU before and after debride-

ment were as follows: area (1.7 vs. 2.1 cm2), maximal depth 

(0.0 vs. 0.1 cm), and volume (0.0 vs. 0.1 cm3; Table 1).

Comparison between the reference 
measurements and the device 
measurements
The second patient was a woman in her 60s who experienced 

septic shock. A PU developed near her left greater trochanter. 

Figure 2A shows the gross appearance of the wound, and 

Figure 2B shows the measurement results indicated on the touch 

screen of the iPad miniTM. The DESIGN-R® score at the first 

examination was D4-e3s8i1G5N3p0 (20 points). The measure-

ments according to the reference and inSightTM software were 

as follows: length (4.5 vs. 4.5 cm), width (2.9 vs. 2.9 cm), area 

(9.8 vs. 9.2 cm2), and maximal depth (1.2 vs. 0.4 cm). Addition-

ally, the volume measured by the device was 1.8 cm3 (Table 2).

The third patient was a woman in her 80s who developed 

an acute extradural hematoma. We observed this patient 

longitudinally. A PU developed in her right breast. Figure 3 

shows the gross appearance of her wound and its measure-

ments. The DESIGN-R® score at the first examination was 

DU-e3s8i1G6N6p0 (24 points). Figure 4 shows the scatter 

Figure 2 Gross appearance and measurement results of the second patient.
Note: (A) Gross appearance and (B) measurement results. The bar indicates 1.0 cm. 
Abbreviation: Max, maximum.

A B

Max depth Area Volume01/18/2017 01/18/201701/18/2017

0.4 cm 9.2 cm2 1.8 cm3

Table 2 Measurement differences between the reference tool 
and inSightTM

Measurement items Reference (ImageJ) inSightTM

Maximum depth (cm) 1.2 0.4
Area (cm2) 9.8 9.2
Volume (cm3) – 1.8
Length (cm) 4.5 4.5
Width (cm) 2.9 2.9
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the reflection of infrared radiation. Therefore, the inaccurate 

measurement of the maximal depth may be owing to the 

inability of the device to precisely detect the wound edge 

because of the mortar-shaped wound of the second patient. 

Moreover, another possible reason was that the device failed 

to detect the deepest point of the PUs, which resulted in an 

underestimation of the maximal depth. According to the 

results of the third patient, the correlation coefficients were 

low to moderate. The vague wound edge of the third patient 

may have rendered the measurement results inaccurate. This 

may mean that there are certain wound characteristics that 

are unsuitable for measurement with this device.

This study has several limitations. First, the sample size 

was not sufficient to perform statistical analyses. However, we 

believe that the three patients included in this study each had 

individual PUs with variable measurements, thereby allowing 

this pilot study to inform a larger clinical study. Second, we 

could not evaluate the accuracy of the volume measurement 

Figure 3 Longitudinal gross appearance and measurement results of the third 
patient.
Notes: (A, C, E, G, and I) Gross appearance on days 0, 7, and 14 before and after 
debridement and on day 21, respectively. (B, D, F, H, and J) Measurement results 
on days 0, 7, and 14 before and after debridement and on day 21, respectively. The 
bar indicates 1.0 cm.
Abbreviation: Max, maximum.

A B

C D

E F

G H

I J

much smaller than the reference result. Thus, it is possible 

that the device-measured volume was not accurate. The 

device measures maximal depth by calculating the differ-

ence between the wound edge and the wound bed by using 

Figure 4 Scatter plots and Pearson’s correlation coefficients of length, width, and 
area of the third patient.
Note: (A) Length, (B) width, and (C) area.
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because certain volume measurement methods could not be 

applied in this clinical setting.8

Conclusion
inSightTM can be applied to the two-dimensional measurement 

of wounds with obvious edges. While real-time measure-

ments can inform patient care, there are some challenges to 

conducting accurate three-dimensional measurements. To 

use the device more efficiently, further studies that examine 

its reliability and validity need to be conducted, and specific 

characteristics of wounds for which the device is suitable 

should be identified.
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