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Abstract: Cultured epithelial autografts (CEA) with highly expanded mesh skin grafts were used for
extensive adult burns covering more than 30% of the total body surface area. A prospective study on
eight patients assessed subjective and objective findings up to a 12-month follow-up. The results of
wound healing for over 1:6 mesh plus CEA, gap 1:6 mesh plus CEA, and 1:3 mesh were compared
at 3, 6, and 12 months using extensibility, viscoelasticity, color, and transepidermal water loss by a
generalized estimating equation (GEE) or generalized linear mixed model (GLMM). No significant
differences were observed among the paired treatments at any time point. At 6 and 12 months,
over 1:6 mesh plus CEA achieved significantly better expert evaluation scores by the Vancouver and
Manchester Scar Scales (p < 0.01). Extended skin grafting plus CEA minimizes donor resources and
the quality of scars is equal or similar to that with conventional low extended mesh slit-thickness skin
grafting such as 1:3 mesh. A longitudinal analysis of scars may further clarify the molecular changes
of scar formation and pathogenesis.

Keywords: split-thickness skin grafting; cultured epithelial autografts (CEA); assessment of scar
quality; generalized estimating equation (GEE); generalized linear mixed model (GLMM)
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1. Introduction

Scars and scar formation have been extensively investigated on a molecular basis; however,
clinical scars are of many different characteristics and there are lots of variations. Additionally, it is
very difficult for experimental models to mimic clinical features, because many animals do not exhibit
hypertrophic scars or keloid in natural healing patterns. Thus, careful understanding of human scars
and development of novel therapeutic modalities in humans are essential. Multiple and various
treatments are required for extensive burns including burn resuscitation, cardiovascular, respiratory,
and renal support, nutritional support, infection control, pain control, and surgical resurfacing and
reconstruction. These procedures and interdisciplinary approaches improve survival rates [1,2].
Treatments using cultured epithelial autografts (CEA) were used clinically for the first time in the
1970s and early 1980s [3]. CEA are now more widely used in the treatment of extensive burn wounds
in burn care specialist centers [4,5].

Commercially processed CEA developed in Japan (J-TEC Autologous Cultured Epidermis, JACE®,
Japan Tissue Engineering CO., Ltd. (J-TEC), Gamagori, Aichi, Japan) were accepted by the health insurance
reimbursement policy for the treatment of severe burns covering more than 30% of the total body surface
area (TBSA) [6]. After 20 years of CEA development, JACE® was produced and is a Green-type autologous
cultured epidermis similar to EPICEL in the United States [7]. However, the manufacturing process for
JACE® differs from that for EPICEL. In a previous study, JACE® was implanted with an artificial dermis
in order to reconstruct the dermis and grafted with JACE® on meshed 6:1 split thickness autografts [8].
Although the outcomes achieved were very good and acceptable, further detailed analysis of autograft
site was not described.

A few quantitative studies have been conducted on clinical changes in burn scars and longitudinal
burn scar quantification according to prospective quantified clinical characteristics of patient-matching,
after burn hypertrophic scar (HSc), donor site scar (D) and normal skin (N) using these instruments and
each investigator measured three sites (HSc, D, N) in 46 burn survivors 3, 6, and 12 months after burns [9].

Expanded skin grafting has recently been combined with CEA for extensive burns and is beneficial
for wound coverage in multicenter surveillance; however, the quality of wounds and the rationale for
using CEA with split-thickness skin grafting currently remain unknown [6].

Therefore, we assessed longitudinal burn scar qualification of expanded split-thickness skin
grafting using clinical and objective methods up to a 12-month follow-up.

2. Results

There was no problem in donor site of CEA wound healing in all cases.
2.1. Vancouver and Manchester Scar Scales at 6 and 12 Months

2.1.1. Vancouver Scar Scale (VSS)

At 6 and 12 months, the total value of the modified Vancouver Scar Scale (VSS) was significantly
lower in over 1:6 mesh plus CEA (JACE®) than that in gap 1:6 mesh plus CEA (JACE®) or 1:3 mesh
(6.6 + 1.79, and 4.1 + 1.35; 5.8 &+ 1.41 and 5.6 &+ 1.00 at 6 months; and 2.6 £+ 1.04 and 5.1 + 0.60 at
12 months, respectively, p < 0.01) (Table 1).

The parameters of pigmentation, pliability, and vascularity in gap 1:6 mesh plus CEA, over 1:6 mesh
plus CEA, and 1:3 mesh were 2.2 + 0.70, 1.3 4= 0.50, 2.1 & 0.50; 2.6 £ 0.70, 2.0 = 0.60, 2.4 & 0.60; 1.8 & 0.50,
0.8 + 040, 1.3 £ 043, at 6 months and 2.3 £ 0.30, 0.7 £ 0.40, 2.2 £ 0.40; 2.0 + 0.70, 1.3 £ 0.40, 2.1 & 0.50;
1.3 £ 040, 0.5 = 0.30, 0.8 £ 0.30 at 12 months, respectively.

2.1.2. Manchester Scar Scale (MSS)

At 6 and 12 months, the total value for the modified Manchester Scar Scale (MSS) was significantly
lower in over 1:6 mesh plus CEA (JACE®) than in gap 1:6 mesh plus CEA JACE®) or 1:3 mesh
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(12.7 £2.20 and 8.7 £ 1.20; 109 £ 1.80 and 10.7 £ 1.90 at 6 months; and 7.3 £ 1.20 and 10.2 + 1.10
at 12 months respectively, p < 0.01) (Table 1).

Table 1. The Vancouver Scar Scale (VSS) and the Manchester Scar Scale (MSS), at 6 and 12 months
among gap 1:6 mesh plus CEA, over 1:6 mesh plus cultured epithelial autografts (CEA), and 1:3 mesh.

6 Months 12 Months
Graft Type
VSS (Mean & SE) MSS (Mean & SE) VSS (Mean & SE) MSS (Mean =+ SE)
1:6 gap + CEA 6.6 (0.60) 12.7 (0.81) 5.6 (041) 10.7 (0.70)
1:6 over + CEA 4.1 (0.50) ** 8.7 (0.40) ** 2.6 (0.40) ** 7.3 (0.41) **
1:3 skin grafting 5.8 (0.50) 10.9 (0.61) 5.1 (0.20) 10.2 (0.40)
**p < 0.01.

The parameter of color, matte/shiny, contour, distortion or VAS (visual analogue scale) was 2.7 £ 0.30,
1.8 +0.30, 2.3 + 0.38; 1.5 + 0.30, 1.3 + 0.10, 1.3 + 0.20; 1.7 + 0.40, 1.1 + 0.20, 1.5 + 0.30; 2.1 + 0.40,
1.6 +£0.30, 2.0 £ 0.36; 4.8 & 1.00, 3.0 & 0.60, 3.7 & 0.78, gap 1:6 mesh plus CEA, over 1:6 mesh plus
CEA, and 1:3 mesh, at 6 months, and 2.4 + 0.30, 1.5 & 0.30, 2.2 + 0.20; 1.1 £ 0.10, 1.2 + 0.10, 1.3 = 0.20;
1.3 +£0.30, 1.0 £ 0.00, 1.2 £ 0.20; 1.9 £ 0.30, 1.3 4= 0.20, 1.9 £ 0.20; 4.0 &= 1.10, 2.3 £ 0.60, 3.6 & 0.60, gap
1:6 mesh plus CEA, over 1:6 mesh plus CEA, and 1:3 mesh, at 12 months, respectively.

2.2. Longitudinal Data from a Cutometer, Mexameter, Moisture Meter, and Color Meter (Tables 2—4)

2.2.1. Cutometer

Maximal extensibility (R0O) was analyzed by Model 4 and viscoelasticity (R7) by Model 2.
No significant differences were observed in R0 or R7 among the over 1:6 mesh plus CEA, gap 1:6
mesh plus CEA, and 1:3 mesh. R0 increased with time, whereas R7 decreased from 3 to 12 months in
all treatments.

2.2.2. Mexameter

The melanin index was analyzed by Model 4 and the hemoglobin index by Model 2. No significant
differences were observed in either index among the over 1:6 mesh plus CEA, gap 1:6 mesh plus CEA,
and 1:3 mesh. The melanin index increased with time in all treatments. The hemoglobin index in the over
1:6 mesh plus CEA increased, while gap 1:6 mesh plus CEA and 1:3 mesh decreased from 3 to 12 months
in all treatments.

2.2.3. Moisture Meter

Transepidermal Water Loss (TEWL) was analyzed by Model 2. No significant differences were
observed in TEWL among the over 1:6 mesh plus CEA, gap 1:6 mesh plus CEA, and 1:3 mesh.
TEWL decreased from 3 to 12 months in all treatments.

2.2.4. Color Meter

Clarity, yellow, and red were analyzed by Models 4, 2, and 2, respectively. Clarity and yellow
increased from 3 to 12 months in all treatments. Red in the gap 1:6 mesh plus CEA increased, while red in
the over 1:6 mesh plus CEA and 1:3 mesh decreased in a time-dependent manner.
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Table 2. Models for generalized estimating equation (GEE) and generalized linear mixed model

(GLMM) analyses.
Linearity  Intercept Slope Selected Statistics
Model 1 non-linear fixed fixed GEE
Model 2 linear fixed fixed GEE
Model 3 linear random random GLMM
Model 4 linear random fixed GLMM
Table 3. Value of each parameter (3, 6 and 12 months).
Over 1:6 Mesh Plus CEA Gap 1:6 Mesh Plus CEA .
Parameter (Mean =+ SE) (Mean + SE) 1:3 Mesh (Mean + SE)
3 Months
Maximal extensibility (R0) 67.0 (+£13.52) 62.6 (+8.48) 69.7 (+5.58)
Viscoelasticity (R7) 126.6 (£18.67) 93.7 (+£13.06) 108.2 (+£14.87)
Melanin Index 97.9 (£12.24) 118.1 (£15.80) 123.4 (£35.54)
Hemoglobin Index 133.2 (+11.89) 155.2 (+13.68) 144.7 (+14.16)
Transepidermal Water Loss (TEWL) 177.7 (£49.34) 160.3 (£32.44) 191.9 (£50.31)
Clarity 84.9 (£4.01) 79.9 (£3.21) 85.9 (£3.23)
Red 172.2 (4+21.65) 181.7 (+19.87) 179.7 (£25.21)
Yellow 72.7 (4.30) 66.9 (£3.99) 75.9 (45.60)
6 Months
Maximal extensibility (RO) 70.1 (£11.06) 67.5 (£9.48) 75.3 (£6.00)
Viscoelasticity (R7) 118.0 (£16.20) 87.3 (£11.23) 95.1 (£12.53)
Melanin Index 107.1 (£16.25) 121.2 (£17.18) 124.8 (£30.55)
Hemoglobin Index 135.2 (£12.38) 150.2 (£13.73) 141.0 (£13.83)
Transepidermal Water Loss (TEWL) 158.4 (£37.52) 155.1 (£20.30) 170.5 (£40.77)
Clarity 86.8 (£3.74) 82.7 (£3.15) 87.8 (£2.82)
Red 161.6 (£20.63) 182.8 (+17.61) 166.6 (£24.01)
Yellow 77.2 (+4.98) 70.6 (£3.73) 80.4 (£5.22)
12 Months
Maximal extensibility (RO) 76.2 (£10.66) 77.5 (£15.15) 86.4 (£8.11)
Viscoelasticity (R7) 100.7 (£15.78) 74.4 (£9.54) 68.7 (£9.08)
Melanin Index 125.6 (£26.41) 127.4 (£21.68) 127.7 (£24.02)
Hemoglobin Index 139.1 (£15.74) 140.1 (£20.33) 133.6 (£15.99)
Transepidermal Water Loss (TEWL) 120.0 (£18.52) 144.7 (£33.15) 127.7 (£25.01)
Clarity 90.6 (£3.58) 88.2 (£3.35) 91.8 (4+2.38)
Red 140.3 (420.85) 185.1 (422.83) 140.3 (+23.32)
Yellow 86.3 (£6.61) 77.9 (£4.16) 89.2 (£5.90)

Table 4. Model selection and statistical analysis.

Selected Model Comparision Statistics among Groups
. s Over 1:6 vs. Gap 1:6 n.s. p =0.7446
hfﬁg;ngalaeﬁftgﬁlgy Model 4 Over 1:6 vs. 1:3 ns. p = 09919
y Gap 1:6 vs. 1:3 n.s. p = 0.5604
. . Over 1:6 vs. Gap 1:6 n.s. p = 0.2059
Viscoelasticity (R7) by Model 2 Over 1:6 vs. 1:3 n.s. p = 0.6296
a cutometer Gap 1:6 vs. 1:3 n.s. p=0.3683
Lo Over 1:6 vs. Gap 1:6 n.s. p =0.1653
Melanin index by Model 4 Over 1:6 vs. 1:3 n.s. p = 0.4409
a mexameter Gap 1:6vs. 1:3 n.s. p =0.8756
.. Over 1:6 vs. Gap 1:6 n.s. p =0.1670
Hemoglobin index by Model 2 Over 1:6 vs. 1:3 n.s. p = 0.3930
a mexameter Gap 1:6 vs. 1:3 n.s. p = 0.6004
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Table 4. Cont.

Selected Model Comparision Statistics among Groups
Transepidermal Water Over 1:6 vs. Gap 1:6 n.s. p =0.6926
Loss (TEWL) by a Model 2 Over 1:6 vs. 1:3 n.s. p =0.8510
moisture meter Gap 1:6 vs. 1:3 n.s. p = 0.5432
Over 1:6 vs. Gap 1:6 n.s. p=0.3013
Clarity by a color meter Model 4 Over 1:6 vs. 1:3 n.s. p=0.8910
Gap 1:6vs. 1:3 n.s. p =0.1992
Over 1:6 vs. Gap 1:6 n.s. p = 0.9463
Red by a color meter Model 2 Over 1:6 vs. 1:3 n.s. p=0.7801
Gap 1:6vs. 1:3 n.s. p=0.7376
Over 1:6 vs. Gap 1:6 n.s. p =0.4162
Yellow by color meter Model 2 Over 1:6 vs. 1:3 n.s. p = 0.6559
Gap 1:6vs. 1:3 n.s. p = 0.3040

Over 1:6, over 1:6 mesh plus CEA; gap 1:6, gap 1:6 mesh plus CEA, 1:3, 1:3 mesh; n.s.: not significant.

3. Discussion

CEA for the wound coverage of extensive burns are useful for life-saving [2-4], and recent
advances in bioengineered matrices have not only contributed to wound bed preparation, but also
facilitated the expansion of coverage [5]. In Japan, the commercially available and reimbursed CEA was
reported and followed Green-type CEA [7], and their indications and usefulness were discussed [6].
When a burn wound bed is prepared with an artificial dermis or with dermis remained wound
beds, highly expanded (1:6 ratio) skin grafting with CEA may achieve similar healing to that with
usual ratio skin grafting, such as a 1:3 mesh [8]. Too expanded mesh skin grafting such 1:6 may
result in the irregularity or discoloration due to lack of skin component and thus scar formation,
especially in the gap. However, the quality of wound healing, scars, and quality of life of patients,
including the range of motion, texture, color, or function of reconstruction sites, have not yet been
investigated. In the present study, the criteria, particularly of total burn surface areas, strictly followed
the reimbursement category of TBSA of 30% or more, resulting in fewer cases being enrolled and
precise each patient’s body surface is calculated and the surface area used with CEA was also achieved.
In Japan, due to significant decreases in heavy industry production or maybe effective safety systems
in industry or the environment, the number of patients with extensive burns has decreased. More than
90% of burn victims have total burn surface areas of less than 30% (the registry system of the Japanese
Society for Burn Injuries), and, thus, this multi-center study only examined eight patients over a
three-year period. Although one patient died due to hepatic cancer after eight months, the remaining
seven patients were analyzed for scar and wound healing qualities using objective analyses with a
cutometer, mexameter, moisture meter, and color meter in addition to expert evaluations with VSS
and MSS at 3, 6, and 12 months. Except severe scars, the cutometer, mexameter and color reliability
were acceptable. Concurrent validity correlations with the modified VSS (mVSS) were significant
except for the comparison of the mVSS pliability subscale and the cutometer maximum deformation
measure comparison in severe scar [10]. Longitudinal wound evaluation by a mixed model regression
analysis demonstrated redder at 3 and 6 months but normalized by 12 months [9]. We adopted GEE
and GLMM in objective data analyses. When data for each subject was considered to be correlated,
and correlated structure is incorporated into GEE analysis, variation for each subject can be analyzed
by a linear mixed model, and this is generalized as GLMM [11-13].

All data showed no significant differences when pairing among the over 1:6 mesh plus CEA,
gap 1:6 mesh plus CEA or 1:3 mesh at all time points. This may explain why an increased ratio of 1:6
mesh plus CEA can bring about equal or similar results to conventional 1:3 meshes. With extensive
burns, the donor site is limited and, thus, a smaller donor surface with greater expansion may
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reduce morbidity and be more economically resourceful [14]. Expert evaluations at 6 and 12 months
demonstrated significantly lower VSS and MSS, suggesting some interactions between expanded skin
grafts and CEA that improved burn scar qualities.

A prospective randomized multicenter intra-patient comparative study showed significantly increased
epithelization, patient and observer scores, and some objective analysis by Wilcoxon’s non-parametric
analysis at 3 and 12 months [15].

The usefulness of combining highly expanded mesh split skin grafting with CEA may be supported
by studies involving larger subject numbers and appropriate statistical analyses. Furthermore, inter-racial
and cultural backgrounds may strongly influence the outcomes achieved. These detailed clinical findings
may clarify the longitudinal molecular pathogenesis and healing mechanisms.

4. Materials and Methods

Between 10 September 2012 and 31 March 2015, a prospective multicenter clinical study on
longitudinal extensive burn scar assessments was approved by the Internal Review Board (#12090390,
10 September 2012) in full accordance with the Declaration of Helsinki. After a verbal explanation
to each patient and their family, written informed consent was obtained at enrollment to this study.
Patients with severe extensive burns greater than 30% of the total burn surface area of second degree
or third degree burns, age older than 20 years, and survival at least 6 months post-operatively were
included. Ten patients were initially recruited; however, due to limitations and decreases in the number
of severe burn patients, 8 were ultimately enrolled and analyzed.

Patients were aged between 46 and 70 years, with a mean of 52.4 years, and comprised 7 males
and one female. The total burn surface area was between 40% and 50%, with a mean of 44.9 + 4.49%,
the prognostic burn index was between 56 and 114, with a mean of 88.1 4 17.02. Two patients did not
receive dermal template temporal coverage until CEA, JACE® was developed, 5 were treated with
Integra® (Century Medical, Tokyo, Japan), and one was treated with Terudermis (Olympus Terumo
Biomaterials, Tokyo, Japan) (Tables 5 and 6). The CEA sized 80 cm? and each patient body surface
was calculated by the Japanese body surface equation [16]. The CEA was applied 4.8 to 12.1% of
patient’s body surface (Table 6).

Table 5. Criteria for patients to participate in the present study. TBSA: total body surface area.

Inclusion Criteria

20 years of age or older
Acute full-thickness burn wounds that require widely meshed skin grafting
Minimal TBSA of 30% with full thickness wounds
Minimal study wound area of 100 cm?
Maximal study wound area of 300 cm?
Informed consent
Exclusion criteria
Immunocompromised patients or immunosuppressed physical conditions
Non-compliance by the patient, judged by medical experts
Active infected wounds
Known drug allergy
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Table 6. Patient demographics. PBI: prognostic burn index. wks: weeks.

Burn Depth How to Body Surface  Frequenc Number Total CEA Percent
Case Age Sex and Percle)nt TBSA PBI Reconstruct Ar};a (m2) of céraftsy of Sheets Covered Epithelialization Prognosis
“Dermis” BSA (%) at Four Weeks (%)
0,
1 56 M DDB 50/0 45 98 Terudermis 1.441 2 20+ 20 22.2 100 survive
DB 40%
DDB 30% .
2 59 M DB 10% 40 84 none 1.6705 1 7 3.4 100 survive
DDB 30% .
3 31 M DB 10% 40 56 none 1.8623 1 20 8.6 100 survive
DDB 10% ® .
4 41 M DB 40% 50 86 Integra 1.9984 1 32+12 17.1 50 survive
DDB 20% ® .
5 63 M DB 25% 45 98 Integra 1.5958 2 20 +20 20.1 100 survive
DDB 35% ® .
6 53 F DB 5% 40 78 Integra 1.42 1 22 124 95 survive
7 70 M %%83;8/0 49 114 Integra® 1.7985 2 24 +11 15.6 50 deseased at 8 months
0,
8 46 M DDB 5% 50 91 Integra® 1.98 2 30 + 30 242 95 survive

DB 45%




Int. J. Mol. Sci. 2018, 19,57 8of 12

One patient died 8 months post-operatively due to hepatic cancer, while the remaining 7 patients
were followed up until 12 months.

Intermediate split-thickness skin autografts, 15/1000-inch, were harvested with an electric
dermatome and mesher (Zimmer Biomet, Dover, OH, USA) and expanded to a ratio of 1:3 or 1:6.
The 1:3 mesh is frequently used clinically and heals in approximately 4 days, whereas the 1:6 mesh
takes more than 17 days to heal [13], which is covered by CEA (JACE®) to simulate wound healing by
factors from CEA or through an interaction between CEA and mesh skin grafting (Figure 1). It takes
3 to 4 weeks before CEA is ready for clinical application and harvesting of the “donor” is 34 cm in
length and 1-2 cm in width in full thickness skin distant from the burns.

bandage bandage

cotton pad cotton pad

non-adherent mesh layer non-adherent mesh layer

1:3 mesh

1:6 mesh
wound bed -

wound bed

A B

Figure 1. Schematic cross-section of 1:3 mesh without CEA (JACE®), (A) and 1:6 mesh plus CEA
(JACE®) coverage, (B).

Patients underwent assessments 6 and 12 months after healing using VSS, which evaluates
height, pliability, vascularity, and pigmentation on a scale of 0 to 13 [17], and MSS [18] and VSS
were evaluated in a blind manner among 12 Nagasaki University plastic surgeons, who are all board
certified, and independently by photographs. In VSS, “height” and “texture” in MSS were deleted
because they cannot be assessed in a 2-dimensional analysis.

The following parameters were repeatedly and longitudinally evaluated in patients 3, 6, and 12 months
after healing.

4.1. Moisture Meter

A compact and portable moisture meter was used (ASA-M2; Asahi Biomed, Yokohama, Japan).
It only weighed 250 g (200 g for the power supply and 50 g for the hand piece) and had the ability
to detect TEWL using an effective contact coefficient [19], water quantity, and the thickness of the
stratum corneum skin layer by formulating the value of the effective contact coefficient, evaluated
by electrolytes in the stratum corneum layer. The principle of this machine is to record and analyze
conduction susceptibility using a low-frequency (160 Hz) alternate currency and to detect conduction
admittance using a high frequency (143 kHz) alternate current.

The proposed formula is as follows:

Skin conductance (uc) = Effective contact coefficient (%) x Quantity of water (uS).

Low and high frequency electric voltages were added to effectively enable these formula factors.
The round probe of the hand piece was 5 mm in diameter and detection was set to 5 s after probe
contact with the participant in order to stabilize the electrodes and skin condition. The measurement of
each contact point was always perpendicular to the participant, thereby avoiding unnecessary pressure
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or loading; it was repeated 5 times. The mean value of 3 adjacent points at least 10 mm apart and
20 mm from the edge of intact skin was assessed following the manufacturer’s instructions.
Measurements were performed by 2 of the authors who are very familiar with this system. All data
were immediately transferred to a personal computer for further analyses.
In written informed consent, there was a description of data collection for all patients, and no
complications occurred as a result of moisture meter measurements.

4.2. Color Meter

A color meter was used to assess scar clarity (L): “a” is red in color when the value is positive
and green when it is negative, and “b” is yellow in color when the value is positive and blue when it
is negative. The hand-held color meter weighed 420 g, including batteries, for the main body of the
system and 110 g for the hand-piece probe and color analyzer (NF-333; Nippon Denshoku, Osaka,
Japan). The light source was a multicolored LED. All data were easily transferred to Microsoft Excel
2013 files on a laptop computer via a data connector, and the differentials of each polarized color
criterion parameter (L, a, and b) were standardized with the surrounding intact skin. The delta ratio of
each parameter was then compared and statistically analyzed. The measurement of each point was
always perpendicular to the scar and was repeated 5 times immediately after touching the scar surface.
The mean value of 3 adjacent points at least § mm apart and 12 mm from the edge of intact skin was
assessed in a single room. The accuracy of this system is traceable to the standard of the National
Institute of Standards and Technology, Gaithersburg, MD. The accuracy of this function is based on
the choice of optical filters, which are assessed by an optimization criterion using a combination of
methodologies from differential geometry with a statistical error analysis. The magnitude of errors
associated with the optimal filters was previously reported to be typically half that for typical RGB
filters in a 3-parameter model of human skin coloration [20]. A relatively simple and easy-to-use skin
chromatometer was employed to assess temporal changes after skin grafting, with multiple relevant
factors such as age, the type of skin grafting, anatomical differences at the donor site or recipient site,
and the Fitzpatrick skin type [21].

4.3. Cutometer

The cutometer MPA 580 (Courage + Khazaka Electronic GmbH, Cologne, Germany) was used to
evaluate skin elasticity parameters 1 year after complete wound healing. The cutometer has the ability
to measure the vertical deformation of skin by suctioning into a round probe that is 6 mm in diameter.
A vacuum load of 500 mbar was used over the skin (or scar) surface for 1, followed by normal pressure
for 1 s. Each measurement was repeated 3 times, and the mean value of 4 adjacent points at least 6 mm
apart and 12 mm from intact skin was assessed. As discussed and reported previously, 2 parameters
of the cutometer were used in the present study. Uf (depicted as R0) represents the maximal skin
(or scar) extension of the deformation at the end of the vacuum period. Ur/Uf (R7) represents the ratio
of retraction (Ur) to maximal extension (Uf) and reflects the elasticity of the measured skin [22,23].
These measurements were performed by 3 authors at 25 °C and 50% humidity with air conditioning to
standardize patient conditions at the completion of wound healing and after 3 and 6 months.

4.4, Mexameter

The mexameter (MX18, Courage & Khazaka Electronic GmbH, Koln, Germany) quantifies scar
erythema and melanin based on the tissue’s narrow wavelength light absorption. The probe has
16 light-emitting diodes that send 3 defined wavelengths of light (568, 660, and 880 nm). A receiver then
measures the light reflected by the skin. Since the quantity of emitted light is known, the absorption
rate of defined wavelengths may be ascertained, which are selectively absorbed by melanin (660 nm)
pigments or hemoglobin (568 nm). The measurement area is 5 mm in diameter, although the total
surface contacted by the probe is 2 cm in diameter. Similar to the cutometer, the central portion of
the mexameter is spring-mounted to maintain constant pressure on the skin. In each measurement,
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the probe was held perpendicular to the skin. It lightly touched the skin surface, without the outer
ring making contact, activating the light emitter. The reflected light was measured by the receiver and
the erythema and melanin index (range 1-1000) was immediately displayed on the console; therefore,
the probe only remains in contact with the skin for several seconds [10].

Evaluator indices of VSS and MSS as well as objective measurements from the moisture meter,
color meter, cutometer, and mexameter were obtained in the gap 1:6 mesh plus CEA (JACE®), over 1:6
mesh plus CEA (JACE®), and 1:3 mesh (Figure 2).

1:3 1:6 plus CEA

Between (gap)

3 months 3 months

6 months 6 months

12 months 12 months

A B

Figure 2. Measurement points of the gap 1:6 gap mesh plus CEA or over 1:6 mesh plus CEA (A) and
1:3 mesh (B).

4.5. Statistical Analysis

Regarding VSS and MSS, results are expressed as the mean =+ Standard errors (SE). Data among
groups were evaluated using an independent t-test. All tests were 2-tailed, and the significance of
differences was defined as p < 0.05. All analyses were performed using IBM SPSS, Statistics, and version
21 (Japan IBM, Tokyo, Japan).

Since repetitive and longitudinal data were obtained, GEE or GLMM was used in statistical
analyses for the moisture meter, color meter, cutometer, and mexameter. When data for each subject
was considered to be correlated, and correlated structure is incorporated into GEE analysis, variation
for each subject can be analyzed by a linear mixed model, and this is generalized as GLMM.

There were 4 models (Table 2) and data from each time point were expressed as the mean + SE
(Table 3). Data analyses were performed with SAS version 9.2 (SAS Institute Inc., Cary, NC, USA)
(Table 4).

5. Conclusions

When a burn wound bed is prepared with an artificial dermis or with dermis remained wound
beds, highly expanded (1:6 ratio) skin grafting with CEA may achieve similar healing to that with
usual ratio skin grafting, such as a 1:3 mesh. At 6 and 12 months, over 1:6 mesh plus CEA achieved
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significantly better expert evaluation scores by the Vancouver and Manchester Scar Scales (p < 0.01).
Extended skin grafting plus CEA minimizes donor resources and the quality of scars is equal or similar
to that with conventional low extended mesh slit-thickness skin grafting such as 1:3 mesh.
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CEA Cultured Epithelial Autografts

GEE generalized estimating equation

GLMM generalized linear mixed model

JACE® Commercially processed CEA (J-TEC Autologous Cultured Epidermis,

JACE®, Japan Tissue Engineering CO., Ltd. (J-TEC)

References

1. Thompson, P; Herndon, D.N.; Abston, S.; Rutan, T. Effect of early excision on patients with major thermal
injury. J. Trauma 1987, 27, 205-207. [CrossRef] [PubMed]

2. White, C.E.; Renz, E!M. Advances in surgical care: Management of severe burn injury. Crit. Care Med. 2008,
36 (Suppl. S7), S318-5324. [CrossRef] [PubMed]

3. Hefton, ].M.; Madden, M.R,; Finkelstein, J.L.; Shires, G.T. Grafting of burn patients with allografts of cultured
epidermal cells. Lancet 1983, 2, 428-430. [CrossRef]

4. Cirodde, A.; Leclerc, T.; Jault, P.; Duhamel, P,; Lataillade, J.J.; Bargues, L. Cultured epithelial autografts in
massive burns: A single-center retrospective study with 63 patients. Burns 2011, 37, 964-972. [CrossRef]
[PubMed]

5. Fang, T,; Lineaweaver, W.C.; Sailes, F.C.; Kisner, C.; Zhang, F. Clinical application of cultured epithelial
autografts on acellular dermal matrices in the treatment of extended burn injuries. Ann. Plast. Surg. 2014,
73,509-515. [CrossRef] [PubMed]

6. Matsumura, H.; Matsushima, A.; Ueyama, M.; Kumagai, N. Application of the cultured epidermal autograft
“JACE®” for treatment of severe burns: Results of a 6-year multicenter surveillance in Japan. Burns 2016,
42,769-776. [CrossRef] [PubMed]

7. Green, H.; Kehinde, O.; Thomas, J. Growth of cultured human epidermal cells into multiple epithelia suitable
for grafting. Proc. Natl. Acad. Sci. USA 1979, 76, 5665-5668. [CrossRef] [PubMed]

8. Hayashi, M.; Muramatsu, H.; Nakano, M.; Ito, H.; Inoie, M.; Tomizuka, Y.; Inoue, M.; Yoshimoto, S.
Experience of using cultured epithelial autografts for the extensive burn wounds in eight patients.
Ann. Plast. Surg. 2014, 73, 25-29. [CrossRef] [PubMed]

9.  Nedelec, B.; Correa, J.A.; de Oliveira, A.; LaSalle, L.; Perrault, I. Longitudinal burn scar quantification. Burns
2014, 40, 1504-1512. [CrossRef] [PubMed]

10. Nedelec, B.; Correa, J.A.; Rachelska, G.; Armour, A.; LaSalle, L. Quantitative measurement of hypertrophic
scar: Interrater reliability and concurrent validity. J. Burn Care Res. 2008, 29, 501-511. [CrossRef] [PubMed]

11. Saris, D.B.; Vanlauwe, J.; Victor, J.; Almqvist, K.E; Verdonk, R.; Bellemans, J.; Luyten, EP. Treatment of
symptomatic cartilage defects of the knee. Am. J. Sports Med. 2009, 37 (Suppl. S1), 105-19S. [CrossRef]
[PubMed]


http://dx.doi.org/10.1097/00005373-198702000-00019
http://www.ncbi.nlm.nih.gov/pubmed/3820353
http://dx.doi.org/10.1097/CCM.0b013e31817e2d64
http://www.ncbi.nlm.nih.gov/pubmed/18594259
http://dx.doi.org/10.1016/S0140-6736(83)90392-6
http://dx.doi.org/10.1016/j.burns.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21550174
http://dx.doi.org/10.1097/SAP.0b013e3182840883
http://www.ncbi.nlm.nih.gov/pubmed/24322642
http://dx.doi.org/10.1016/j.burns.2016.01.019
http://www.ncbi.nlm.nih.gov/pubmed/26948957
http://dx.doi.org/10.1073/pnas.76.11.5665
http://www.ncbi.nlm.nih.gov/pubmed/293669
http://dx.doi.org/10.1097/SAP.0000000000000200
http://www.ncbi.nlm.nih.gov/pubmed/24918735
http://dx.doi.org/10.1016/j.burns.2014.03.002
http://www.ncbi.nlm.nih.gov/pubmed/24703337
http://dx.doi.org/10.1097/BCR.0b013e3181710881
http://www.ncbi.nlm.nih.gov/pubmed/18388576
http://dx.doi.org/10.1177/0363546509350694
http://www.ncbi.nlm.nih.gov/pubmed/19846694

Int. ]. Mol. Sci. 2018, 19, 57 12 0of 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lattka, E.; Rzehak, P; Szabd, E.; Jakobik, V.; Weck, M.; Weyermann, M.; Grallert, H.; Rothenbacher, D.;
Heinrich, J.; Brenner, H.; et al. Genetic variants in the FADS gene cluster are associated with arachidonic
acid concentrations of human breast milk at 1.5 and 6 mo postpartum and influence the course of milk
dodecanoic, tetracosenoic, and trans-9-octadecenoic acid concentrations over the duration of lactation. Am. J.
Clin. Nutr. 2011, 93, 382-391. [PubMed]

Jacka, EN.; Cherbuin, N.; Anstey, K.J.; Sachdev, P.; Butterworth, P. Western diet is associated with a smaller
hippocampus: A longitudinal investigation. BMC Med. 2015, 13, 215. [CrossRef] [PubMed]

Vandeput, J.; Nelissen, M.; Tanner, J.C.; Boswick, J. A review of skin meshers. Burns 1995, 21, 364-370.
[CrossRef]

Gardien, K.L.; Marck, RE.; Bloemen, M.C.; Waaijman, T.; Gibbs, S.; Ulrich, M.M.; Middelkoop, E.;
Dutch Outback Study Group. Outcome of Burns Treated With Autologous Cultured Proliferating Epidermal
Cells: A Prospective Randomized Multicenter Intrapatient Comparative Trial. Cell Transplant. 2016,
25,437-448. [CrossRef] [PubMed]

Fujimoto, S.; Watanabe, T.; Sakamoto, A.; Yukawa, K.; Morimoto, K. Studies on the Physical Surface Area of
Japanese. Jpn. |. Hyg. 1968, 23, 443-456. [CrossRef]

Sullivan, T.; Smith, J.; Kermode, J.; Mclver, E.; Courtemanche, D.J. Rating the burn scar. J. Burn Care Rehabil.
1990, 11, 256-260. [CrossRef] [PubMed]

Beausang, E.; Floyd, H.; Dunn, KW.; Orton, C.I.; Ferguson, M.W. A new quantitative scale for clinical scar
assessment. Plast. Reconstr. Surg. 1998, 102, 1954-1956. [CrossRef] [PubMed]

Tanaka, K.; Akita, S.; Yoshimoto, H.; Houbara, S.; Hirano, A. Lipid-colloid dressing shows improved
reepithelialization, pain relief, and corneal barrier function in split-thickness skin-graft donor wound healing.
Int. ]. Low Extrem. Wounds 2014, 13, 220-225. [CrossRef] [PubMed]

Preece, S.J.; Claridge, E. Spectral filter optimization for the recovery of parameters which describe human
skin. IEEE Trans. Pattern Anal. Mach. Intell. 2004, 26, 913-922. [CrossRef] [PubMed]

Kim, J.S,; Park, SSW,; Choi, TH.; Kim, N.G.; Lee, K.S.; Kim, ].R.; Lee, S.I; Kang, D.; Han, K.H.; Son, D.G; et al.
The evaluation of relevant factors influencing skin graft changes in color over time. Dermatol. Surg. 2008,
34, 32-39. [CrossRef] [PubMed]

Morita, A.; Kobayashi, K.; Isomura, I; Tsuji, T.; Krutmann, J. Ultraviolet Al (340-400 nm) phototherapy for
scleroderma in systemic sclerosis. J. Am. Acad. Dermatol. 2000, 43, 670-674. [CrossRef] [PubMed]
Draaijers, L.J.; Botman, Y.A.; Tempelman, FR.; Kreis, R W.; Middelkoop, E.; van Zuijlen, P.P. Skin elasticity
meter or subjective evaluation in scars: A reliability assessment. Burns 2004, 30, 109-114. [CrossRef]
[PubMed]

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://www.ncbi.nlm.nih.gov/pubmed/21147856
http://dx.doi.org/10.1186/s12916-015-0461-x
http://www.ncbi.nlm.nih.gov/pubmed/26349802
http://dx.doi.org/10.1016/0305-4179(94)00008-5
http://dx.doi.org/10.3727/096368915X689569
http://www.ncbi.nlm.nih.gov/pubmed/26419871
http://dx.doi.org/10.1265/jjh.23.443
http://dx.doi.org/10.1097/00004630-199005000-00014
http://www.ncbi.nlm.nih.gov/pubmed/2373734
http://dx.doi.org/10.1097/00006534-199811000-00022
http://www.ncbi.nlm.nih.gov/pubmed/9810991
http://dx.doi.org/10.1177/1534734614541544
http://www.ncbi.nlm.nih.gov/pubmed/25008199
http://dx.doi.org/10.1109/TPAMI.2004.36
http://www.ncbi.nlm.nih.gov/pubmed/18579949
http://dx.doi.org/10.1097/00042728-200801000-00006
http://www.ncbi.nlm.nih.gov/pubmed/18053053
http://dx.doi.org/10.1067/mjd.2000.105165
http://www.ncbi.nlm.nih.gov/pubmed/11004624
http://dx.doi.org/10.1016/j.burns.2003.09.003
http://www.ncbi.nlm.nih.gov/pubmed/15019116
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Vancouver and Manchester Scar Scales at 6 and 12 Months 
	Vancouver Scar Scale (VSS) 
	Manchester Scar Scale (MSS) 

	Longitudinal Data from a Cutometer, Mexameter, Moisture Meter, and Color Meter (tabref:ijms-19-00057-t002,tabref:ijms-19-00057-t003,tabref:ijms-19-00057-t004) 
	Cutometer 
	Mexameter 
	Moisture Meter 
	Color Meter 


	Discussion 
	Materials and Methods 
	Moisture Meter 
	Color Meter 
	Cutometer 
	Mexameter 
	Statistical Analysis 

	Conclusions 
	References

