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Treatment of Postburn Facial Hyperpigmentation with
Vitamin C Iontophoresis

Jae Il Choi, M.D., Ji Won Lee, M.D., Jeong Hoon Suhk, M.D.,
Wan Suk Yang, M.D.

Department of Plastic and Reconstructive Surgery, Dong
Kang General Hospital, Ulsan, Korea

Purpose: Many facial burn patients suffer from hyper-
pigmentation and its treatment has been challenging.
Vitamin C (ascorbic acid) has important physiologic effects
on skin, including inhibition of melanogenesis, promotion
of collagen biosynthesis, prevention of free radical forma-
tion, and acceleration on wound healing. The purpose of
this study is to evaluate the effectiveness of Vitamin C ionto-
phoresis for the treatment of postburn hyperpigmentation.

Methods: The authors performed a retrospective
analysis of 93 patients who were admitted for the treatment
of facial burn from February 2008 through February 2010.
Among them, 51 patients were treated with Vitamin C ionto-
phoresis to control postburn hyperpigmentation and 42
patients were not. Experimental group was chosen 20 of
51 patients who had been treated with Vitamin C iontopho-
resis and had normal facial skin on the comparable con-
tralateral aesthetic unit. Control group was chosen 20 of 42
patients who were not treated with Vitamin C iontopho-
resis and had also contralateral normal aesthetic unit. The
resulting color of 20 patients who were treated with Vitamin
C iontophoresis was compared with the color of the contra-
lateral normal facial skin using a digital scale color analysis.
Results were analyzed with Wilcoxon signed rank test.

Results: The analysis revealed significant improvement
of hyperpigmentation in the experimental group compared
to control group. The difference of intial value and the value
in 6 months showed significant change. Mean (A""-A
émonthy of experimental group was 11.61 and control group
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was 7.23. Thus, the difference between the experimental
group and the control group was 4.38. Therefore, Vitamin C
iontophoresis revealed significant improvement of hyper-
pigmentation in the experimental group compared with
control group.

Conclusion: Vitamin C iontophoresis is an effective
treatment modality for postburn hyperpigmentation.

Key Words: Vitamin C, lontophoresis, Hyperpigmentation
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Table I. The Number of Aesthetic Units in Experimental
Group and Control Group

Experiment group Control group

(n=20) (n=20)
Forehead 4 3
Cheek 6 7
Periorbital 3 4
Nose 2 3
Chin 5 3
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Ao o LTS 2u]shH, Wilcoxon signed rank teste}t
FEAF B4(analysis of covariance)f o] 2]3f p-value=
EAA Fo48E Bk

., &

S A A% AT UERL C ol 4 ARG AL

7] Aol SHE AA7E 2158 Selet gl Rete] Xjol

Fig. 2. L*a*b* color difference. L* refers to the

60 (Blue)

lightness coordinate value (0 for perfect black
to 100 for perfect white). The values of a* and
b* are the chromaticity coordinates in the red-
green axis and the yellow-blue axis, respec-
tively. Positive a* values indicate the red color
range and negative values, the green color
range. Similarly, positive b* values indicate
the yellow color range, whereas negative

values indicate the blue color range.

Table Il. The Value of L, a, b, AE Immediately after Burn Wound Healing

Patient Experiment group Patient Control group

no. L a b L* a* b* AE no. L a b L* a* b* AE
1 67 12 13 58 5 11 1157 1 65 11 13 58 6 12 8.66
2 36 7 21 52 6 26 16.79 2 37 7 16 50 6 20 13.64
3 51 63 41 64 22 32 43.94 3 41 58 39 54 22 30 39.31
4 60 2 -4 50 3 10 17.23 4 58 2 -1 50 16 8 18.46
5 50 13 10 62 6 13 18.60 5 5 13 12 62 6 20 12.73
6 58 18 22 49 13 18 11.04 6 52 18 25 43 13 19 1191
7 54 4 32 62 16 32 2912 7 54 34 31 62 14 34 21.75
8 58 15 13 54 6 15 10.04 8 58 16 13 54 9 16 8.60
9 69 6 2 68 -1 4 7.35 9 55 6 1 58 3 5 10.29
10 41 21 11 48 6 12 16.58 10 43 21 12 51 6 15 17.26
11 50 15 7 62 5 17 18.55 11 55 15 8 62 7 15 12.73
12 56 18 14 57 1 18 17.49 12 5 18 14 61 1 19 17.83
13 56 11 9 43 4 7 14.90 13 55 11 9 43 4 7 14.03
14 35 7 14 45 11 19 11.87 14 46 7 6 55 11 9 10.29
15 52 3 19 57 -1 11 10.25 15 56 3 23 65 -1 18 11.04
16 47 28 16 62 23 28 19.85 16 51 28 19 66 25 28 17.75
17 32 9 16 47 5 21 16.31 17 42 9 17 57 5 20 15.81
18 3 13 17 59 7 18 26.70 18 39 14 17 59 9 18 20.64
19 58 11 14 53 8 17 6.56 19 58 11 14 50 2 18 12.69
20 54 7 8 67 2 4 14.49 20 51 7 14 64 -3 4 19.21
Mean 16.96' 15.73'
SD 8.52 6.80

L* Contralateral normal skin lightness coordinate value; a*,

Contralateral normal skin red-green axis coordinate value; b*,

Contralateral normal skin yellow-blue axis coordinate value; L, Burned area lightness coordinate value; a : Burned area red-green
axis coordinate value; b: Burned area yellow-blue axis coordinate value; SD, Standard deviation; AE, V=L + (a—d )2+ (b—b)2

color difference between burned area and normal skin.

"No significant difference between experiment group and control group (p=0.8298).
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Table lll. The Value of L, a, b, AE 1 Month after Burn Wound Healing
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Experiment group

Control group

Patient —_ Patient —_

oL a b L* a* b* AE ﬁlmom; oL a b L* a* b* AE AAlmm;

1 65 11 3 58 5 11 943 214 1 63 12 13 58 6 12 7.87 0.79

2 40 8 22 52 6 26 12.80 3.99 2 48 8 15 50 6 20 5.74 7.90

3 54 48 40 64 22 32 28.98 14.96 3 40 55 41 54 22 30 37.49 1.90

4 5 3 -2 50 3 10 15.00 2.23 4 57 3 -1 50 16 8 17.29 117

5 56 11 10 62 6 13 7.00 11.6 5 57 12 13 62 6 20 10.49 224

6 58 17 23 49 13 18 11.04 0 6 51 18 25 43 13 19 11.18 0.73

7 58 32 33 62 16 32 16.79 12.33 7 55 33 32 62 14 34 19.41 234

8 58 12 15 54 6 15 7.21 2.83 8 59 17 15 54 9 16 9.48 0.88

9 69 5 2 68 -1 4 6.40 0.95 9 56 5 2 58 -3 5 8.77 1.52

10 46 10 13 48 6 12 458 12.00 10 45 19 13 51 6 15 14.46 2.80

11 55 11 9 62 5 17 1216 6.39 11 56 14 10 62 7 15 10.49 224

12 57 10 19 57 1 18 9.05 8.44 12 60 15 15 61 1 19 14.59 3.24

13 47 12 10 43 4 7 943 547 13 54 10 10 43 4 7 12.88 1.15

14 40 12 15 45 11 19 6.48 5.39 14 48 6 7 55 11 9 8.83 1.46

15 53 4 15 57 -1 11 7.54 2.71 15 57 4 22 65 -1 18 10.24 0.80

16 59 20 23 62 23 28 6.56 13.29 16 52 29 20 66 25 28 16.61 1.14

17 40 6 17 47 5 21 8.12 8.19 17 43 10 19 57 5 20 14.89 0.92

18 41 11 18 5 7 18 18.44 8.26 18 40 12 19 5 9 18 19.26 1.38

19 55 12 17 53 8 17 447 2.09 19 58 11 15 50 2 18 12.40 0.29

20 62 1 5 67 2 4 519 9.30 20 52 6 15 64 -3 4 18.60 0.61

Mean 10.33 6.63" 14.05 178

SD 5.90 6.80
Afnitial_gtmonth =10 difference between initial mean AE and 1 month later mean AE
' Significant difference between experiment group and control group (p<0.0001).
7kl AE ZHo] ko] AR 16960|3 tizo] 15730 72302 Ags] 908t 2ho]7} 91thp<0.05) (Table V).
B 7 2 ARelole FofRt Aol7t LRI p>0.05)(Table II). HIEH] C o] d& A=E W 5179 24 5 202
ey HlER C o] FE A= 171 $oll= AE Heto] oA 71 23(25.5%), SFEAEB.9%), EZ(5.9%),
MBS 103, AP WUSE B Aol7h pom, ulek  ARPEIN) SO AulF FEFol Yot FAE Ast
0] C 0]& 9% & A3} umak AN Almenth 7ol o 2] okoral wZEA Q] 277 A% IrHTable VI).
= Aol 6.63, Hlato] L78= At 2hol7F et
(p<0.05)(Table III). H]ERY] C o] & 3% %2 3719 Fof= =2y 1
AE i#0] ARZL 777, h2-2 10660900, 2|2 A BA F AT 2 5 59 BHFOR 93 Wk Rl R
T} 374LL v TS AR Aot s 0 A1E e 919, T 2% M) 4 5 2 APl dedsted A=kt
220 5070]SlCHTable IV), W]ebl C ole o g 6 97 O1E A ekenol £ 9 ngel BREgn et
2 Folls AE S Aol 535011, ol 84goju 1 b 1 BT E UG C UL BEHRE AR

Hlebel C ol 9% A= 1709 F AHo|tk(Fig. 3)

27 A7} v ek AT AT mge AsT 1161, Hl2Tt
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Table IV, The Value of L, a, b, AE 3 Month after Burn Wound Healing

Experiment group

Control group

Patient -~ Patient p—
m- L a b L* a* b* AE ﬁgmm; no. L a b L* a* b* AE AAgmom;
1 60 10 13 58 5 11 5.74 5.83 1 62 12 12 58 6 12 721 145
2 46 7 24 52 6 26 640 1039 2 46 7 21 50 6 20 424 940
3 55 41 40 64 22 32 2249 2145 3 38 54 40 54 22 30 3718 213
4 57 3 -2 50 3 10 1236  4.87 4 56 2 -1 50 16 8 1691 155
5 57 10 10 62 6 13 707 1153 5 50 12 14 62 6 20 900 3.73
6 55 18 20 49 13 18 8.06 2.98 6 50 17 22 43 13 19 860  3.31
7 58 31 32 62 16 32 1552  13.60 7 58 27 31 62 14 34 13.92 7.83
8 57 12 14 54 6 15 6.78 3.26 8 58 15 14 54 9 16 748 112
9 69 5 2 68 -1 4 6.40 0.95 9 55 1 6 58 -3 5 509 520
10 47 11 14 48 6 12 547 1111 10 52 10 16 51 6 15 424 1302
1 60 7 11 62 5 17 6.63 1192 11 58 11 9 62 7 15 824 449
12 58 4 17 57 1 18 331 1418 12 62 10 15 61 1 19 989 794
13 47 10 6 43 4 7 7.28 7.62 13 54 11 8 43 4 7 13.07 096
14 42 12 18 45 11 19 3.31 8.56 14 49 8 9 55 11 9 670  3.59
15 53 3 16 57 -1 11 7.54 2.71 15 64 3 19 65 -1 18 424 680
16 61 22 25 62 23 28 331 1654 16 59 25 22 66 25 28 894 881
17 41 5 20 47 5 21 6.08 1023 17 51 11 18 57 5 20 872  7.09
18 46 12 19 59 7 18 1396 1274 18 47 10 17 59 9 18 12.08 856
19 53 11 18 53 8 17 3.16 3.40 19 55 10 18 50 2 18 943 326
20 63 2 6 67 2 4 447 1002 20 53 7 15 64 -3 4 17.97 1.24
Mean 7.77 9.19" 1066  5.07"
SD 4.85 7.36

Ainitial_ ASmomh

, color difference between initial mean AE and 3 month later mean AE.

“Significant difference between experiment group and control group (p=0.0028).
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Table V. The Value of L, a, b, AE 6 Month after Burn Wound Healing

Experiment group

Control group

Patient p— Patient p—
n-Loa b L* a* b AE  Gmonth "L oa b L a*  b* AE  month
1 5 9 13 58 5 11 4.58 6.99 1 61 10 13 58 6 12 5.10 3.56
2 48 7 25 52 6 26 424 1255 2 41 8 22 50 6 20 9.43 421
3 57 33 38 64 22 32 1529  28.65 3 43 51 36 54 22 30 31.59 7.72
4 54 2 1 50 3 10 9.89 7.34 4 5 3 2 50 16 8 15.52 2.94
5 57 10 11 62 6 13 671  11.89 5 63 6 21 62 6 20 114  11.59
6 56 15 19 49 13 18 7.34 3.70 6 49 17 23 43 13 19 8.24 3.67
7 59 28 33 62 16 32 1241 16.71 7 59 25 31 62 14 34 11.79 9.66
8 57 11 14 54 6 15 5.91 413 8 58 15 14 54 9 16 7.48 1.12
9 68 3 4 68 -1 4 4.00 3.35 9 5 2 6 58 3 5 547 4.82
10 48 7 15 48 6 12 316 1342 10 51 11 15 51 6 15 500 12.26
11 63 7 12 62 5 17 547  13.08 11 60 10 16 62 7 15 3.74 8.99
12 58 1 16 57 1 18 223  15.26 12 63 11 14 61 1 19 1.73  16.10
13 46 8 7 43 4 7 5.00 9.90 13 50 12 8 43 4 7 10.67 3.36
14 4 13 20 45 11 19 2.45 9.42 14 53 12 10 55 11 9 245 7.84
15 54 1 12 57 -1 11 3.74 6.51 15 64 3 18 65 -1 18 412 6.92
16 63 24 27 62 23 28 1.73 1812 16 64 24 21 66 25 28 8.12 9.63
17 45 5 22 47 5 21 223  14.08 17 53 10 17 57 5 20 7.07 8.74
18 52 6 19 59 7 18 714  19.56 18 50 9 20 59 9 18 922 1142
19 54 7 18 53 8 17 1.73 4.83 19 56 5 19 50 2 18 6.78 591
20 68 1 5 67 2 4 173 12.76 20 54 5 11 64 -3 4 1516 414

Mean 535  11.61" 849 7.3
SD 3.68 6.73

Alnital_pémonth -1 difference between initial mean AE and 6 month later mean AE.

t Significant difference between experiment group and control group (p=0.0028).

Table VI. Side Effects of Vitamin C Iontophoresis

Side effects

Number of patients (n=51)

Itching

Burning sensation

Pain
Dryness

None

3 (25.5%)
2 (3.9%)
3 (5.9%)
2 (3.9%)

1(60.8%)

‘219&} XIEOH ARE-ElE Al axo] el Hjle] &
goma 7 AAF} 5822 Hsly| o]ee whHo] gk’

Dermastamp®t= Thofat Fejol| 240 715t T
A= NS Hol Aol Aut st B2 oulgh
A9 e 1919] sl 8ol ofelen] Alg AR}
A HololA HHE AJdo] ofgr}
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Fig. 3. Case 1. (Left)
1 month after Vitamin C iontophoresis, the burned area shows more correlations and harmonies with surrounding normal
skin.

Fig. 4. Case 2. (Above, left) A 38-year-old male had deep second degree chemical burn on the right side cheek. Right malar
area show hyperpigmentation. (Above, right) Lateral view of patient. (Below, Left) The 3 months after Vitamin C iontophoresis,
a markedly improved color match. (Below, right) Lateral view of patient.
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Fig. 6. The value of AE at initial, 1 month, 3 months, 6
months after burn wound healing. The greatest decrease
in projection was noted in the first 1 month after Vitamin
C iontophoresis.
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Fig. 5. Case 4. (Left) A 9-year-old male had deep second degree flame burn on the right side periorbital area and nose.
(Right) The 6 months after Vitamin C iontophoresis, a markedly improved color match.
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