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Abstract

Early detection and intervention of deep tissue injury are important to lead good
outcome. Although the efficiency of ultrasonographic assessment of deep tissue
injury has been reported previously, it requires a certain level of skill for accu-
rate assessment. In this study, we present an investigation of the combination of
thermographic and ultrasonographic assessments for early detection of deep tissue
injury. We retrospectively reviewed 28 early-stage pressure ulcers (21 patients) pre-
senting at the University of Tokyo Hospital between April 2009 and February 2010,
surveying the associated thermographic and ultrasonographic findings. The wound
temperature patterns were divided into low, even and high compared with the sur-
rounding skin. Ultrasonographic findings were classified into unclear layer structure,
hypoechoic lesion, discontinuous fascia and heterogeneous hypoechoic area. All
13 ulcers that were associated with low temperature showed good outcome; three
ulcers had even temperatures and 12 ulcers showed high temperature on thermo-
graphic assessment. The two deep tissue injuries were rated high on thermographic
assessment and showed heterogeneous hypoechoic area findings on ultrasonographic
assessment. No non-deep tissue injury lesion was associated with these two find-
ings simultaneously. The combination of thermographic and ultrasonographic assess-
ments is expected to increase the accuracy of the early detection of deep tissue
injuries.

Introduction

Deep tissue injury, which is ‘a pressure-related injury to sub-
cutaneous tissues under intact skin (1,2)’, arises in the muscle
layers adjacent to bony prominences following sustained load-
ing and progresses outwards towards the skin (3,4). Although
these lesions are likely due to ischaemia of the muscle bed and
occlusion of the vertical perforating blood vessels feeding the
skin through the muscle (1), the exact underlying pathophys-
iology associated with the development of deep tissue injury
remains poorly understood (5). Deep tissue injuries represent
a serious type of pressure ulcer and are potentially dangerous
lesions because they initiate in underlying tissues and are often

not visible until they reach an advanced stage (4). As they are
known to deteriorate quickly but do not resolve easily (3),
treatment becomes problematic.

Early detection of deep tissue injury is critical because it
leads to early intensive intervention. Because not all deep
tissue injuries progress to full-thickness defects (4,5), early
detection methods may permit the salvaging of ischaemic and
injured tissues. Early detection and intervention can prevent
the deterioration of lesions and promote good outcome (6).
Although preventing the deterioration of deep tissue injury
has become a key focus, it is still very difficult to predict the
occurrence of injury at an early stage.
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Key Messages

• deep tissue injuries represent a serious type of pressure
ulcer and are potentially dangerous lesions because they
initiate in underlying tissues and are often not visible
until they reach an advanced stage.

• early detection and intervention of deep tissue injury are
an essential step in preventing injury deterioration and
promoting good outcome.

• although ultrasonography may be a useful tool to detect
deep tissue injury, a disadvantage of ultrasonographic
assessment is the requirement for a certain level of skill
for accurate assessment.

• we reviewed retrospectively the outcomes of 28 early-
stage pressure ulcers to examine features that may
suggest the presence of a deep tissue injury and to
develop reliable cues for early detection of deep tissue
injury using thermography and ultrasonography.

• thirteen ulcers exhibited low temperature on thermo-
graphic assessment and three ulcers showed even tem-
perature, and all of them showed good prognosis and
were not associated with deep tissue injuries.

• twelve ulcers exhibited high temperature on thermo-
graphic assessment, two of which were associated with
deep tissue injury.

• ultrasonography showed unclear layered structures in
ten ulcers, hypoechoic lesions in two ulcers and discon-
tinuous fascia in one ulcer.

• two ulcers contained heterogeneous hypoechoic areas
and simultaneously showed high temperature at ther-
mographic assessment and were associated with deep
tissue injury.

• combination of the thermographic and ultrasonographic
assessment showed that the two deep tissue injuries
simultaneously harboured high temperatures and hetero-
geneous hypoechoic areas, whereas no non-deep tissue
injury case was simultaneously associated with these
two findings.

• because even beginners can perform thermography and
assess its findings accurately after some practice, com-
bination of thermographic and ultrasonographic assess-
ments is expected to minimise the disadvantages of each
procedure, raising the accuracy of early detection of
deep tissue injury.

In this study, we present an investigation of the combina-
tion of thermographic and ultrasonographic assessments for
early detection of deep tissue injury. We reviewed retrospec-
tively the outcomes of early-stage pressure ulcers to examine
features that may suggest the presence of a deep tissue injury
and to develop reliable cues for simple, accurate and early
detection of deep tissue injury using thermography and ultra-
sonography.

Materials and methods

We performed a retrospective review of early-stage pressure
ulcers that received intervention from the pressure ulcer team

Table 1 The DESIGN-R scale

Stage Findings

Depth
d0 No injury and redness
d1 Persistent redness
d2 Lesion into dermis
D3 Lesion into subcutaneous tissue
D4 Lesion into muscle, tendon and bone
D5 Lesion into body cavity
DU Unstageable lesion

at the University of Tokyo Hospital between April 2009
and February 2010. This study was conducted with approval
from the appropriate Institutional Review Board. The patients
were followed up for at least 2 weeks. Thermography was
performed immediately after dressing removal followed by
the routine care and ultrasonographic assessment. To prevent
a secondary insult to the skin at the site of the pressure
ulcer, patients were placed on a pressure-relief bed and kept
under intensive nursing care that included periodic position
changes. Data regarding demographic distribution, patient’s
background, ulcer location, stage, thermographic findings
and ultrasonographic findings were collected. DESIGN-R,
published as a clinical wound assessment tool by the Japanese
Society of Pressure Ulcers in 2008 (7), was used to assess the
clinical stages of the pressure ulcers based on the depth of
the observed tissue damage. DESIGN-R stage d1 corresponds
to National Pressure Ulcer Advisory Panel (NPUAP) stage I
and DESIGN-R stage d2 corresponds to NPUAP stage II
(Table 1). DESIGN-R stages d1 and d2 were defined as early-
stage pressure ulcers.

Thermographic images were obtained using infrared ther-
mography (Thermotracer TH5108ME; NEC Avio Infrared
Technology Co. Ltd, Tokyo, Japan) with a measurable range
of 0–70◦C, an error range of 0·7◦C and an accuracy of 0·1◦C.
It takes only a few minutes to capture thermographic images.
In this study, we focused on graphical assessment, not detailed
temperature readings. Thermographic findings were reviewed
to assess the wound temperature compared with that of the
surrounding skin; wound temperature patterns were divided
into low, even and high versus the surrounding skin.

Ultrasonographic images were collected using a portable
ultrasound system with a 10-MHz probe (LOGIQ Book XP;
GE Healthcare, Chalfont St Giles, UK), which provides rea-
sonable resolution for an image 20–30 mm below the skin
surface (8). Ultrasonographic findings were reviewed for the
presence of four types of ultrasound features that signify deep
tissue injury: unclear layered structure, hypoechoic lesion, dis-
continuous fascia and heterogeneous hypoechoic area (9). An
unclear layered structure is a subcutaneous condition that does
not show a clear layer, superficial fascia, deep fascia, mus-
cular layer, bursa and bone (periosteum). In addition, this
structure usually has a foggy-appearing area with low-contrast
and rough resolution. A hypoechoic lesion is a small lesion
with a relatively clear margin that has no or little echoic sig-
nal and may correspond to a non-vascularised area such as
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haematoma, seroma or necrotic tissue. A discontinuous fascia
is an interrupted high-signal line corresponding to the super-
ficial or deep fascia. A heterogeneous hypoechoic area is a
round or oval area with a heterogeneous internal echo that
disrupts the normally layered structure; this area sometimes
has a diffuse border. The ulcers that progressed to DESIGN-
R stage D3 or worse after a week in spite of intensive care
were diagnosed as deep tissue injuries.

Results

The survey included 28 early-stage pressure ulcers in
21 patients [11 males (52·4%) and 10 females (47·6%);
Table 2]. Patient’s age at presentation ranged from 20 to
98 years, with an average age of 66·4 years. There were 4
pressure ulcers at DESIGN-R stage d1 (14·3%) and 24 ulcers
at stage d2 (85·7%) at the primary examination (Table 3).
Fourteen pressure ulcers occurred on the sacral region (50%),
nine on the greater trochanter region (32·1%), two on the coc-
cyx region (7·1%), two on the iliac crest (7·1%) and one on
the back (3·6%). There were two deep tissue injuries (case 14
and case 16).

Thirteen ulcers exhibited low temperature on thermographic
assessment, all of which were associated with good outcome.
Three ulcers were categorised as even temperature and 12
ulcers were categorised as high temperature (Table 4). No
deep tissue injuries showed low or even temperature at

the thermographic assessment; 2 of 12 ulcers with high
temperature were associated with deep tissue injury.

Ultrasonography showed unclear layered structures in ten
ulcers and hypoechoic lesions in two ulcers. One ulcer exhib-
ited discontinuous fascia and two ulcers contained hetero-
geneous hypoechoic areas. These two ulcers simultaneously
showed high temperature at thermographic assessment and
were associated with deep tissue injury.

Case reports

Case 1

A 68-year-old female had a d2 pressure ulcer on her
greater trochanter region due to immobilisation resulting from
rheumatism (Figure 1). The wound temperature was low and
the ultrasonographic findings were intact at the primary exam-
ination. The lesion healed completely with in 1 week.

Case 19

An 85-year-old female had a d2 pressure ulcer on her
left greater trochanter region due to immobilisation after
hypothermia (Figure 2). The wound temperatures were low,
and ultrasonography showed an unclear layered structure
at the primary examination. The lesions healed completely
within a week.

Table 2 Summarised data for 21 patients with 28 early-stage pressure ulcers

Patient Age (years) Sex Location Primary disease Cause
Primary

size (cm2)

1 68 F Greater trochanter Rheumatism Immobilisation 1·8
2 58 F Sacrum Intravertebral canal haemorrhage Immobilisation 10·6
3 75 M Sacrum Gastrointestinal haemorrhage Immobilisation 72·9

Greater trochanter 8·7
4 70 M Sacrum Parkinsonism, hepatocellular carcinoma Immobilisation 13·5
5 54 F Sacrum Multiple sclerosis Immobilisation 1·5

Greater trochanter, lt. 2·8
6 86 M Greater trochanter, lt. Diabetes mellitus Immobilisation 0·6
7 98 F Sacrum Pneumonia Immobilisation 8·8
8 82 M Sacrum Heart failure Immobilisation 38·2
9 60 F Sacrum Colon cancer Immobilisation 1·6
10 64 M Sacrum Postresuscitation encephalopathy Loss of consciousness 1·4
11 74 F Sacrum Sepsis Immobilisation 5·6
12 74 M Sacrum Cervical spinal cord injury Immobilisation 72·1
13 64 M Sacrum Heatstroke Immobilisation 50·8
14 50 M Sacrum Septic shock Immobilisation 77·0
15 67 F Greater trochanter, rt. Multiple sclerosis Immobilisation 17·1

Ilium, rt. 121·9
Back, rt. 42·1

Greater trochanter, lt. 30·9
Ilium, lt. 9·8

16 21 F Sacrum Acute drug intoxication Loss of consciousness 33·3
17 63 M Sacrum Oesophageal cancer Prolonged surgery 25·8
18 76 M Greater trochanter, rt. Schizophrenia Immobilisation 1·6
19 85 F Greater trochanter, rt. Hypothermia Immobilisation 1·6

Greater trochanter, lt. 3·7
2·7

20 85 F Sacrum Thoracic myelopathy Immobilisation 0·1
21 20 M Coccyx Fracture of left lower extremity Prolonged surgery 9·6
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Table 3 Summarised data from thermography and ultrasonography for 28 early-stage pressure ulcers in 21 patients

DESIGN-R Ultrasonographic findings at primary examination

Patient
Age

(years) Sex Location
Primary
stage

Stage
after 1
week

Thermographic
findings at

primary
examination

Unclear
layered

structure
Hypoechoic

lesion
Discontinuous

fascia
Heterogeneous
hypoechoic area

1 68 F Greater trochanter d2 d0 Low – – – –
2 58 F Sacrum d2 d2 High + – – –
3 75 M Sacrum d2 d2 Low – – – –

Greater trochanter d2 d2 Low – – – –
4 70 M Sacrum d2 d2 High – – – –
5 54 F Sacrum d2 d2 High – – – –

Greater trochanter, lt. d2 d2 High – – – –
6 86 M Greater trochanter, lt. d2 d2 Low – – – –
7 98 F Sacrum d2 d2 Low + + – –
8 82 M Sacrum d2 d2 Low – – – –
9 60 F Sacrum d2 d2 Low – – – –
10 64 M Sacrum d2 d2 Low – – – –
11 74 F Sacrum d2 d2 Low – – – –
12 74 M Sacrum d1 d1 High – – – –
13 64 M Sacrum d1 d2 High + – – –
14 50 M Sacrum d2 DU High + – – +
15 67 F Greater trochanter, rt. d1 d1 Even – – – –

Ilium, rt. d2 d2 High + – – –
Back, rt. d2 d2 High – – – –
Greater trochanter, lt. d2 d2 High + – – –
Ilium, lt. d2 d2 High – – – –

16 21 F Sacrum d2 DU High + – + +
17 63 M Sacrum d2 d2 Low + – – –
18 76 M Greater trochanter, rt. d2 d2 Low – – – –
19 85 F Greater trochanter, rt. d2 d2 Low – + – –

Greater trochanter, lt. d2 d2 Low + – – –
20 85 F Sacrum d2 d0 Even – – – –
21 20 M Coccyx d1 d2 Even + – – –

Table 4 Summary of findings at primary examination for 28 ulcers

Ultrasonography

Unclear layered
structure

Hypoechoic
lesion

Discontinuous
fascia

Heterogeneous
hypoechoic area

Deep tissue
injury

Thermography Low 13 3 2 0 0 0
Even 3 1 0 0 0 0
High 12 6 0 1 2 2

Total 28 10 2 1 2 2

Case 14

A 50-year-old male had a d2 pressure ulcer on his sacral
region due to immobilisation after sepsis (Figure 3) with
a relatively high wound temperature. An unclear layered
structure and a heterogeneous hypoechoic area were detected
by ultrasonography at the primary examination. The lesion
worsened and an ischaemic part of the skin broke out in
the centre of the lesion within 1 week, and the lesion was
estimated as DESIGN-R stage DU (stage D3 or worse),
indicating the presence of a deep tissue injury.

Case 16

A 21-year-old female had a d2 pressure ulcer on her sacral
region due to immobilisation after acute intoxication from

taking a large amount of antipsychotic medicines (Figure 4).
Thermography indicated that the wound temperature was high
in the greater part of the lesion, whereas ultrasonography
showed an unclear layered structure, discontinuous fascia and
a heterogeneous hypoechoic area at the primary examination.
The wound worsened and skin necrosis broke out in the lesion
within 1 week, and the lesion was estimated as DESIGN-R
stage DU (stage D3 or worse), reflecting deep tissue injury.

Discussion

The management of pressure ulcers remains a great challenge,
with failure resulting in the deterioration in the patient’s
clinical condition (10,11). Early detection and intervention of
deep tissue injury are therefore an essential step in preventing
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A B

C D

Figure 1 Case 1. (A) A 68-year-old female had a d2 pressure ulcer on her greater trochanter region. (B) Thermography showed that the wound
temperature was low and (C) the ultrasonographic findings were intact at the primary examination. (D) The lesion healed completely in 1 week.

A B

DC

Figure 2 Case 19. (A) An 85-year-old female had a d2 pressure ulcer on her left greater trochanter region. (B) Thermographic findings indicated that
the wound temperatures were low and (C) the ultrasonographic findings reflected an unclear layered structure at the primary examination. (D) The
lesion healed completely in 1 week.
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A B

C D

a b

a

b

Figure 3 Case 14. (A) A 50-year-old male had a d2 pressure ulcer on his sacral region. The bar indicates the location of the ultrasonography probe.
(B) The thermographic findings showed that the wound temperature was relatively high and (C) ultrasonography showed an unclear layered structure
and a heterogeneous hypoechoic area (white dashed circle) at the primary examination. (D) The lesion worsened and was estimated as stage DU
(stage D3 or worse) within 1 week, indicating a deep tissue injury. Line a–b indicates the direction of the applied probe in panels (A) and (C).

A B

C D

a b

a b

Figure 4 Case 16. (A) A 21-year-old female had a d2 pressure ulcer on her sacral region. The bar indicates the location of the ultrasonography probe.
(B) Thermography indicated that the wound temperature was high in the greater part of the lesion and (C) ultrasonography showed an unclear layered
structure, discontinuous fascia and heterogeneous hypoechoic area (white dashed circle) at the primary examination. (D) The wound worsened and
was estimated as stage DU (stage D3 or worse) within 1 week, suggesting a deep tissue injury. Line a–b indicates the direction of the applied probe
in panels (A) and (C).
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injury deterioration. Current tools for early detection of deep
tissue injury include ultrasonography, computed tomography
and magnetic resonance imaging, which are also appropriate
for the evaluation of pressure ulcers (6,12–16).

Ultrasonography, a familiar tool, is expected to become
common in daily practice to detect deep tissue injury because
it is minimally invasive and can be used easily and repeatedly
at the bedside. Several authors have reported the usefulness
of ultrasonography to examine pressure ulcers including deep
tissue injury (8,17–19). Aoi et al. reported four types of ultra-
sound features that reflect deep tissue injury (9): unclear lay-
ered structure, hypoechoic lesion, discontinuous fascia and
heterogeneous hypoechoic area. An ultrasound system with a
10-MHz probe showed all four of these findings. Ten ulcers
showed unclear layered structures and two ulcers had hypoe-
choic lesions. One ulcer was associated with discontinuous
fascia. Two ulcers showed heterogeneous hypoechoic areas,
and both of these ulcers had deep tissue injuries. These two
deep tissue injuries, the only such injuries in our sample,
both showed heterogeneous hypoechoic areas on ultrasono-
graphic assessment, suggesting that the heterogeneous hypoe-
choic areas are closely related to deep tissue injury. Although
ultrasonography may be a useful tool to detect deep tissue
injury, a disadvantage of ultrasonographic assessment is the
requirement for a certain level of skill for accurate assessment.
Some supplementary devices are required to make it easier to
use.

Thermography has been used in the examination of pressure
ulcers since the early 1970s (20–23). Using thermography, it
is very easy to assess the wound temperature and compare it
with the surrounding skin. As it takes only 1–2 minutes to
capture images, thermographic assessment can be performed
while the patients are receiving their routine care and it
would not be a heavy load. We used a portable infrared
thermographic system at the bedside, where it was possible
to repeatedly use the device. We detected 13 ulcers with
low temperature, all of which showed good prognosis and
were not associated with deep tissue injuries. Twelve ulcers
had high temperatures on thermographic assessment; two
of these ulcers were associated with deep tissue injuries,
the only such injuries in our sample. If lesions with low
temperature consistently show good prognosis and lesions
with high temperature consistently include deep tissue injury,
thermographic assessment may provide an efficient method
for detecting deep tissue injuries.

Ultrasonography and thermography are both minimally
invasive procedures that can be performed at the bedside. A
disadvantage of ultrasonographic assessment is the require-
ment for a certain level of skill for accurate assessment,
although even beginners can perform thermography and assess
its findings accurately after some practice. One of the dis-
advantages of thermographic assessment is that not all of
the high-temperature ulcers were associated with deep tissue
injury (2 of 12 ulcers). However, combination of thermo-
graphic and ultrasonographic assessments showed that the two
deep tissue injuries simultaneously harboured high tempera-
tures and heterogeneous hypoechoic areas.

In contrast, no non-deep tissue injury case was simulta-
neously associated with these two findings. We expect that

A completely watchful
investigation is needed
using ultrasonography   

The situation may be
very promising  

low

The thermographic assessment 

The ultrasonographic assessment 

higheven

Figure 5 Algorithm for thermographic and ultrasonographic assess-
ments of early-stage pressure ulcers. If thermography indicates that
the wound temperature is high, a completely watchful investigation is
needed using ultrasonography. If thermography indicates that the wound
temperature is low, the situation may be very promising.

combining thermographic and ultrasonographic assessments
minimises the disadvantages of each procedure, raising the
accuracy of early detection of deep tissue injury.

We usually perform thermographic assessment immediately
after dressing removal followed by the routine care and ultra-
sonographic assessment. If thermography indicates that the
wound temperature is high, a completely watchful investiga-
tion is needed using ultrasonography. If, on the other hand,
thermography indicates that the wound temperature is low,
the situation may be very promising (Figure 5). Only 2 of
the 12 high-temperature ulcers indicate deep tissue injuries,
which is a low percentage. However, using such algorithm, it
may be possible to determine uneventful cases in an instant
and to focus full attention on proper cases with more potential
risk of deeper injury, which is regarded as one of the most
important actual clinical benefits of combination of thermo-
graphic and ultrasonographic assessments. The determination
of ulcer depth based on clinical examination has not been per-
fect so far. Combining thermographic and ultrasonographic
assessments will help to improve accurate determination of
ulcer depth and provide patients with timely and apt pressure
ulcer care. The ability to quickly and accurately diagnose ulcer
depth will likely represent the next paradigm shift in improv-
ing pressure ulcer care.

It is interesting that the low-temperature wounds, which
would usually indicate ischaemia, do not progress to fur-
ther damage, whereas the high temperature might progress
to deeper damage. There may be several possible causes of
changing of the wound temperature, for example, infection,
critical colonisation, hyperaemia, insufficient relief of mechan-
ical loading and ischaemia (24). If the wound has scabbed
over, thermography would show low temperature because of
ischaemia or insufficient blood flow on the surface of the
wound. In this study, however, all ulcers were in early stage
at their primary examination and were not covered by necrotic
tissues like scabs. As showed in Table 3, all low-temperature
ulcers were at stage d2. Although it is currently difficult to
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elucidate the actual cause of changing of the wound tempera-
ture, it is assumed that most d2 ulcers show low temperature
compared with the surrounding skin under normal circum-
stances because they loss the surface of the skin and hold
exudate on it, and the normal wound healing process does not
produce excessive inflammation enough to increase the skin
surface temperature. When the healing processes are unevent-
ful, the wound may keep low temperature and heal smoothly.
In contrast, if deep tissue injury or inflammation occurs, the
wound temperature may increase and the wound healing may
delay.

In conclusion, this report is the first to note the thermo-
graphic findings of deep tissue injury as well as the efficiency
of the combination of thermographic and ultrasonographic
assessments for early detection of deep tissue injury. The
investigation of this study therefore suggests new criteria for
early detection of deep tissue injury based on thermographic
and ultrasonographic assessments.
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