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Abstract

A monitoring tool for the wound-healing process of diabetic foot ulcers (DFUs)

was developed. It comprises seven domains, namely, depth, maceration, inflam-

mation/infection, size, tissue type of the wound bed, type of wound edge, and

tunnelling/undermining. It was named “DMIST” based on the initials of its

domains. Although DMIST is useful for assessing wound-healing processes, the

monitoring items related to wound healing remain unclear, thereby making the

selection of optimal care based on the assessment difficult. We identified the rela-

tionship between the DMIST items and wound healing. This study was a second-

ary analysis of five previous investigations and was conducted using DMIST based

on the diabetic foot ulcer assessment scale score and DFU images. Multivariate

logistic regression was used to calculate odds ratios (ORs) and 95% confidence

intervals (95% CIs) after simultaneously controlling for potential confounders. The

examined DFU healing status revealed that some DFUs healed at 4 weeks from

baseline, whereas some DFUs did not. Variables considered in the models were

the scores of each DMIST domain. The study population comprised 146 Indone-

sian patients and 33 Japanese patients. Depth, maceration, and size were associ-

ated with DFU healing at 4 weeks from baseline [depth: OR = 0.317 (95% CI:

0.145-0.693, P = 0.004); maceration: OR = 0.445 (95% CI: 0.221-0.896, P = 0.023);

size: OR = 0.623 (95% CI: 0.451-0.862, P = 0.004)]. Our findings suggest that

appropriate management of maceration promotes DFU healing.

KEYWORD S

diabetic foot ulcers, maceration, wound healing

Key Messages
• This study revealed the relationship between the items of DMIST and

wound healing
• Depth, maceration and size were associated with diabetic foot ulcer healing

at 4 weeks from baseline
• Our findings suggest that appropriate management of maceration promotes

diabetic foot ulcer healing
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1 | INTRODUCTION

Diabetes mellitus (DM) is one of the global health issues.
Approximately 463 million people were living with DM
in 2019, and this number is expected to increase to
578 million in 2030 and 700 million in 2045.1 Various
chronic complications of DM are known, and diabetic
foot ulcers (DFUs) are one of the serious complications of
DM that deteriorate patients' quality of life. Global DFU
prevalence is reported to be 6.3% (95% confidence interval
[CI]: 5.4%-7.3%),2 with an estimated lifetime incidence
of 15%.3

The assessment of the wound-healing process, which
is necessary to recommend continued or modified treat-
ments, is essential for managing DFUs. Recently, a moni-
toring tool for the wound-healing process of DFUs was
developed. It comprised of seven domains, namely, depth,
maceration, inflammation/infection, size, tissue type of
wound bed, type of wound edge, and tunnelling/under-
mining. Its scoring range is from 0 to 34. It was named
“DMIST” based on the initials of its domains.4

A previous study revealed that DMIST is a reliable
and content-valid tool for DFU.4 Although DMIST is use-
ful for assessing wound-healing processes across speciali-
sations and nations, the monitoring items related to
wound healing remain unclear, thereby making the
selection of optimal care based on the assessment diffi-
cult. This study aimed to reveal the relationship between
the items of DMIST and wound healing. We believe that
the findings of this study will help in the selection of the
most appropriate care for DFUs based on assessments.

2 | MATERIALS AND METHODS

2.1 | Materials and methods

This study was the secondary analysis of five previous
investigations, which had already been published. The
investigations involved a prospective cohort study of the
effects of wound, ostomy and continence nursing care on
the outcomes in patients with wounds5; an evaluation of
the validity of the new diabetic foot ulcer assessment
scale in Indonesia6; a randomised controlled trial for
evaluating the effects of understanding wellbeing on psy-
chological aspects and wound healing in patients with
DFU recurrence7; a prospective cohort study for evaluat-
ing wound healing of DFUs using sea cucumber8; and a
prospective observational study of the effects of a date
and honey mixture in promoting recurrent DFU healing.9

These studies were conducted in Indonesia and Japan
from April 2013 to March 2019. Wound progression was
assessed using the diabetic foot ulcer assessment scale

(DFUAS)6 for 4 weeks based on the actual DFUs in these
investigations. For secondary analysis, wound progres-
sion was assessed by researchers using DMIST based on
the DFUAS scores and DFU images. Healing is defined
as complete epithelialization of the wound at 4 weeks
from baseline based on observations using DMIST (total
score = 0).

Data regarding patient characteristics, including
demographic and clinical data, were collected at the
beginning of each investigation. Collected data included
age, sex, DM type, DM duration, type of DM treatment,
HbA1c, and ankle brachial index (ABI) retrieved from
medical records or currently available data. Data on
wound characteristics included wound location, trigger
of wound onset, and severity of wound (as assessed by
the Wagner Ulcer Classification System).10

2.2 | Statistical analysis

The Mann–Whitney U test or independent t-test and chi-
square test were used to compare patient characteristics
between the groups. Before multivariate logistic regres-
sion analysis, multicollinearity was assessed using the
correlation coefficients among each DMIST items. No
item showed a correlation of ≥0.5. Multivariate logistic
regression was used to calculate the odds ratios (ORs)
and 95% CIs after controlling for potential confounders.
Moreover, DFU healing status was examined. The exami-
nation revealed that some DFUs healed at 4 weeks from
baseline, whereas some DFUs did not. Variables consid-
ered in the models were scores of each DMIST domain
(depth, maceration, inflammation/infection, size, tissue
type of wound bed, type of wound edge, and tunnelling/
undermining). The model was adjusted for age and
nationality. A P-value of <0.05 was considered signifi-
cant. We conducted all analyses using the IBM SPSS
Statistics for Windows version 25 (IBM Corp., Armonk,
NY, USA).

2.3 | Ethical consideration

This study was conducted in accordance with the Decla-
ration of Helsinki. The Medical Ethics Committee of
Kanazawa University approved the previous studies
(no. 549-3, 643-1, 652-1, 417, 49-1).

3 | RESULTS

Of the 256 potential subjects in the five investigations,
179 patients were included in the analysis. The reason for
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patient exclusion was that DFU healing could not be
observed 4 weeks after the baseline. Healing was
achieved in 4 weeks for 39 ulcers (21.8%). Baseline
characteristics of the participants are summarised in
Table 1. The average age of the patients was 56.6 years,
and 60.7% were females. Moreover, 146 participants
(81.6%) were Indonesian. The average duration of DM
was 7.9 years, and 72.4% patients were receiving oral
treatment. The characteristics of the wounds are listed
in Table 2. Moreover, 57 (31.8%) wounds were located
on the toe, and Wagner grade 2 or 3 (full-thickness)
occurred in 57.0%.

The results shown in Table 3 indicate that HbA1c was
significantly lower in the healing group (10.4 [8.7-12.2],
n = 31) than in the non-healing group (11.7 [9.9-13.6],
n = 103; P = 0.012, Mann–Whitney U test). Table 4
reports the partial regression coefficient, P-value, ORs,
and 95% CIs from the multivariate logistic regression
model, which was adjusted for age and nationality. The
result of the Hosmer–Lemeshaw test was P = 0.669, and
the percentage of correct classifications was 85.3%.
Depth, maceration, and size were associated with DFU
healing at 4 weeks from baseline [depth: OR = 0.317
(95% CI 0.145-0.693, P = 0.004); maceration: OR = 0.445
(95% CI 0.221-0.896, P = 0.023); size: OR = 0.623 (95% CI
0.451-0.862, P = 0.004)].

4 | DISCUSSION

To the best of our knowledge, this is the first study to
report that depth, maceration, and size among DMIST
items were associated with DFU healing at 4 weeks from
baseline.

Among items of DMIST, we found that DFU healing
was most significantly affected by maceration. Macera-
tion can reduce skin barrier function. Without barrier
protection, it is difficult to sustain physical injuries and
thus skin breakdown.11 Moreover, when tissue is macer-
ated, it can become infected by organisms that prefer an
environment with a high water activity.12 Hence, the con-
dition of the skin surface can be worsened. Another study
showed that maceration can cause inner tissue damage of

TABLE 1 Participant characteristics

n = 179

Age (years) (n = 177) 56.6 ± 10.7

Sex (n = 178)

Male 70 (39.3)

Female 108 (60.7)

Nationality

Indonesia 146 (81.6)

Japan 33 (18.4)

Type of DM (n = 175)

Type 1 1 (0.6)

Type 2 174 (99.4)

Duration of DM (years) (n = 173) 7.9 ± 7.2

Treatment of DM (n = 127)

Insulin 22 (17.3)

Oral 92 (72.4)

Insulin and oral 13 (10.2)

HbA1c (%) (n = 134) 10.9 ± 2.5

ABI (n = 159) 1.0 ± 0.2

Note: n (%), mean ± SD.
Abbreviations: ABI, ankle brachial pressure index; DM, diabetes mellitus.

TABLE 2 Wound characteristics

n = 179

Trigger of wound onset (n = 130)

Trauma 69 (53.1)

Burns 1 (0.8)

Callus 13 (10.0)

Unknown 47 (36.2)

Wound location

Toe 57 (31.8)

Dorsal 25 (14.0)

Plantar 55 (30.7)

Lateral 9 (5.0)

Heel 18 (10.1)

Malleolus 13 (7.3)

Ankle 2 (1.1)

Wagner classification

Grade 1 63 (35.2)

Grade 2 77 (43.0)

Grade 3 25 (14.0)

Grade 4 13 (7.3)

Grade 5 1 (0.6)

DMIST score

Depth 2.5 ± 1.1

Maceration 0.7 ± 0.9

Inflammation/infection 1.2 ± 1.2

Size 4.1 ± 2.4

Tissue type of wound bed 1.7 ± 0.7

Type of wound edge 2.6 ± 1.1

Tunnelling or undermining 0.0 ± 0.3

Total 12.9 ± 4.6

Note: n (%), mean ± SD.
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the skin.13 Therefore, in the present study, maceration
had a huge effect on DFU healing. A previous study
examined the relationship between maceration and
wound healing. It revealed that non-macerated wounds
healed faster than macerated wounds.14 Similar to the
results of the previous study, the results of our study indi-
cated that maceration affected DFU healing.

The results of the correct study regarding depth were
as expected. In a previous study of the assessment scale

for the healing process of pressure injuries, depth was
excluded from the analysis because it showed multicolli-
nearity with several other assessment items.15 Although
multicollinearity was not confirmed in this study, it was
included in the analysis. The presence of the effect of
wound healing on depth is an easily predictable result as
it directly indicates the wound status until healing.

Moreover, regarding the size, the results of this study
were as we had expected. The relationship between

TABLE 3 Comparison of

participants' characteristics between

healing and non-healing group

Healing Non-healing P

Sex

Male 18 (46.2) 52 (37.4) 0.323

Female 21 (53.8) 87 (62.6)

Nationality

Indonesia 31 (79.5) 115 (82.1) 0.705

Japan 8 (20.5) 25 (17.9)

Type of DM

Type 1 1 (2.6) 0 (0.0) 0.057

Type 2 37 (97.4) 137 (100.0)

Treatment of DM

Insulin 2 (9.5) 20 (18.9) 0.563

Oral 17 (81.0) 75 (70.8)

Insulin and oral 2 (9.5) 11 (10.4)

Age (years) (n = 38) (n = 139)

57.3 ± 12.0 56.5 ± 10.4 0.690

Duration of DM (years) (n = 39) (n = 134)

7.0 (0.5-13.5) 5.0 (0.5-9.5) 0.089

HbA1c (%) (n = 31) (n = 103)

10.4 (8.7-12.2) 11.7 (9.9-13.6) 0.012

ABI (n = 34) (n = 125)

1.0 (0.9-1.1) 1.0 (0.9-1.1) 0.695

Note: n (%), mean ± SD, median (IQR).

Abbreviations: ABI, ankle brachial pressure index; DM, diabetes mellitus.

TABLE 4 Results of the

multivariate logistic regression model

adjusted for age and nationality

B P OR 95% CI

Depth �1.148 0.004 0.317 0.145 to 0.693

Maceration �0.809 0.023 0.445 0.221 to 0.896

Inflammation/infection �0.171 0.694 0.843 0.359 to 1.976

Size �0.473 0.004 0.623 0.451 to 0.862

Tissue type of the wound bed �0.550 0.202 0.577 0.248 to 1.343

Type of wound edge �0.314 0.194 0.731 0.455 to 1.173

Tunnelling or undermining �9.390 0.999 0.000 0.000

Constant 6.008 0.027

Note: Adjustment for age and nationality. Percentage of correct classifications: 85.3%.

Abbreviations: B, partial regression coefficient; CI, confidence interval; OR, odds ratio.
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wound healing and wound size of pressure injury has
been reported in previous studies.15,16 The pathology of
DFU is different from pressure injuries. However, the
effect of wound healing on size is also an easily predict-
able result as it directly indicates the wound status until
healing as with depth.

The results of this study suggested that appropriate
management of maceration promotes DFU healing. It
is important to eliminate the causes leading to excess
exudate. Wound infection can cause an increase in exu-
date volume.17 A high blood glucose level is associated
with increased infection rates.18 Therefore, the man-
agement of infection and blood sugar is necessary to
control the amount of exudate. Moreover, selecting
appropriate external medicines or dressing materials
based on the level of exudate is important.19 Dressing
replacement at the appropriate time is essential for
managing maceration.

This study has two limitations. First, data were lack-
ing for several variables, although this was a limitation of
the secondary analysis from previous studies. Second, this
study was conducted in Indonesia and Japan. The treat-
ment procedure of DFU varies according to country;
therefore, this must be considered when interpreting the
present result to other countries. Despite these limita-
tions, the results clarified that each item of DMIST has a
different degree of influence on DFU healing. As a future
study, a score weighting of each item on DMIST is
needed to compare the wound-healing process between
different DFUs in different patients.

In conclusion, this study investigated the relationship
between items of DMIST and wound healing by second-
ary analysis of the previous five investigations. Depth,
maceration, and size were associated with DFU healing
at 4 weeks from baseline. Appropriate management of
maceration was suggested to promote DFU healing.
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