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Table 1. Correlation between the different attached gingiva, CIE L*.

L UAG L UMAG L LIAG L LMAG

ok ok

Pearson Correlation 1 AT4 AT74 -.025
L_UIAG

P value .002 .002 .879

Pearson Correlation 4747 1 373 .036
L_UMAG

P value .002 .018 .827

Pearson Correlation 4747 373 1 .026
L_LIAG

P value .002 .018 872

Pearson Correlation -.025 .036 .026 1
L_LMAG

P value .879 .827 872

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

Table 2. Correlation between the different attached gingiva, CIE a*.

a UAG a UMAG a LIAG a LMAG

* * 3

Pearson Correlation 1 377 .353 551
a_UIAG

P value .017 .025 .000

Pearson Correlation 377 1 235 583"
a_UMAG

P value .017 .145 .000

Pearson Correlation 353" .235 1 .268
a_LIAG

P value .025 145 .095

Pearson Correlation 551" 583" 268 1
a_LMAG

P value .000 .000 .095

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

Table 3. Correlation between the different attached gingiva, CIE b*.

b UAG b UMAG b LIAG b LMAG

3 3 3

Pearson Correlation 1 573 .501 551
b_UIAG

P value .000 .001 .000

Pearson Correlation 573" 1 489" 500"
b_UMAG

P value .000 .001 .001

Pearson Correlation 501" 489" 1 4777
b_LIAG

P value .001 .001 .002

Pearson Correlation 551" 500" 4777 1
b_LMAG

P value .000 .001 .002

** Correlation is significant at the 0.01 level (2-tailed).
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Table 4. Correlation between the different alveolar mucosae, CIE L*.

L UAM L UMAM L LIAM L LMAM
Pearson Correlation 1 .170 .071 .083
L_UIAM
P value .293 .665 .610
Pearson Correlation 170 1 311 643"
L_UMAM
P value .293 .050 .000
Pearson Correlation .071 311 1 .309
L_LIAM
P value .665 .050 .052
Pearson Correlation .083 643" .309 1
L_LMAM
P value .610 .000 .052

**_Correlation is significant at the 0.01 level (2-tailed).

Table 5. Correlation between the different alveolar

mucosae, CIE a*.

a UAM a UMAM a LIAM a LMAM

Pearson Correlation 1 .190 418" 151
a_UIAM

P value 241 .007 351

Pearson Correlation .190 1 107 .150
a_UMAM

P value 241 .509 .356

Pearson Correlation 418" 107 1 .008
a_LIAM

P value .007 .509 .959

Pearson Correlation 151 .150 .008 1
a_LMAM

P value .351 .356 .959

**_Correlation is significant at the 0.01 level (2-tailed).

Table 6. Correlation between the different alveolar

mucosae, CIE b*.

b UAM b UMAM b LIAM b LMAM

Pearson Correlation 1 -.107 445" -.056
b_UIAM

P value 512 .004 .730

Pearson Correlation -.107 1 .042 598"
b_UMAM

P value 512 .798 .000

Pearson Correlation 445" .042 1 358"
b_LIAM

P value .004 .798 .023

Pearson Correlation -.056 598" 358" 1
b_LMAM

P value .730 .000 .023
*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
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Table 7. Correlation between the different attached gingiva and alveolar mucosae, CIE L*.

L UAG L UMAG L LIAG L LMAG L UAM L UMAM L LIAM L LMAM
L UIAG Pearson Correlation 1 474" 474" -.025 -.051 .095 .209 .099
- P value .002 .002 .879 .753 .559 197 545
Pearson Correlation 4747 1 373 .036 -.053 .085 .070 216
L_UMAG
P value .002 .018 .827 744 .601 .669 181
. Pearson Correlation 4747 373 1 .026 -.093 -.100 .084 .088
L _LIA
- P value .002 .018 872 .567 .540 .607 .588
Pearson Correlation -.025 .036 .026 1 -.004 .076 .028 .105
L_LMAG
P value .879 .827 .872 .982 641 .864 519
L UIAM Pearson Correlation -.051 -.053 -.093 -.004 1 170 .071 .083
- P value .753 744 .567 .982 .293 .665 .610
Pearson Correlation .095 .085 -.100 .076 170 1 311 643"
L_UMAM
P value .559 .601 .540 .641 .293 .050 .000
L LIAM Pearson Correlation .209 .070 .084 .028 .071 311 1 .309
- P value 197 .669 .607 .864 .665 .050 .052
Pearson Correlation .099 216 .088 .105 .083 643" .309 1
L_LMAM
P value .545 181 .588 519 .610 .000 .052
*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
Table 8. Correlation between the different attached gingiva and alveolar mucosae, CIE a*.
a UAG a UMAG a LIAG a LMAG a UAM a UMAM a LIAM a LMAM
DIAG Pearson Correlation 1 377 353" 551" .028 254 232 396
a
- P value .017 .025 .000 .864 114 .150 .011
Pearson Correlation 377 1 235 583" 027 212 .094 .006
a_UMAG
P value .017 .145 .000 .870 .190 .564 973
LIAG Pearson Correlation 353" .235 1 .268 .030 .024 .290 .055
a
- P value .025 .145 .095 .853 .883 .069 735
Pearson Correlation 551" 583" .268 1 -.011 .340° 146 .302
a_LMAG
P value .000 .000 .095 .947 .032 .368 .058
UIAM Pearson Correlation .028 .027 .030 -.011 1 .190 418" 151
a
- P value .864 .870 .853 .947 241 .007 351
Pearson Correlation .254 212 .024 .340° .190 1 .107 .150
a_UMAM
P value 114 .190 .883 .032 241 .509 .356
LIAM Pearson Correlation 232 .094 .290 146 418" 107 1 .008
a
- P value .150 .564 .069 .368 .007 .509 .959
Pearson Correlation 396 .006 .055 .302 151 .150 .008 1
a_LMAM
P value .011 973 735 .058 .351 .356 .959

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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Table 9. Correlation between the different attached gingiva and alveolar mucosae, CIE b*.

b UAG b UMAG b LIAG b LMAG b UAM b UMAM b LIAM b LMAM
o UIAG Pearson Correlation 1 573" 501" 551" 379" 251 292 .238
- P value .000 .001 .000 .016 118 .067 .140
Pearson Correlation 573" 1 489" 500" 017 413" 182 5327
b_UMAG
P value .000 .001 .001 916 .008 261 .000
b LAG Pearson Correlation 501" 489" 1 4777 .143 .108 .309 469"
- P value .001 .001 .002 .380 506 .053 .002
Pearson Correlation 551" 500" 477" 1 .095 387" 233 364"
b_LMAG
P value .000 .001 .002 561 014 147 021
b UIAM Pearson Correlation 379 .017 143 .095 1 -.107 445" -.056
- P value .016 916 .380 561 512 .004 730
Pearson Correlation 251 413" .108 387" -.107 1 042 598"
b_UMAM
P value .118 .008 506 014 512 798 .000
b LA Pearson Correlation 292 .182 .309 233 445" .042 1 358"
- P value .067 261 .053 147 .004 798 .023
Pearson Correlation .238 532" 469" 364" -.056 598" .358" 1
b_LMAM
P value .140 .000 .002 .021 .730 .000 .023
*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
Table 10. Correlation between the different attached gingiva and teeth, CIE L*.
Lteeth L UAG L UMAG L LIAG L LMAG
Pearson Correlation 1 -.060 -.163 -.267 125
L_teeth
P value 712 314 .096 442
Pearson Correlation -.060 1 4747 4747 -.025
L_UIAG
P value 712 .002 .002 879
Pearson Correlation -.163 4747 1 373 .036
L_UMAG
P value 314 .002 .018 827
Pearson Correlation -.267 474" 373 1 .026
L_LIAG
P value .096 .002 .018 872
Pearson Correlation 125 -.025 .036 .026 1
L_LMAG
P value 442 879 827 872

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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Table 11. Correlation between the different alveolar mucosae and teeth, CIE [*.

Lteth L UAM L UMAM L LIAM L LMAM

Pearson Correlation 1 124 -.049 .107 -.065
L_teeth

P value 444 763 510 .690

Pearson Correlation 124 1 170 .071 .083
L_UIAM

P value 444 .293 .665 .610

Pearson Correlation -.049 170 1 311 643"
L_UMAM

P value .763 .293 .050 .000

Pearson Correlation .107 .071 311 1 .309
L_LIAM

P value 510 .665 .050 .052

Pearson Correlation -.065 .083 643" .309 1
L_LMAM

P value .690 .610 .000 .052

**_Correlation is significant at the 0.01 level (2-tailed).

Table 12. Correlation between the different attached gingiva and teeth, CIE a*.

a_teeth a UAG a UMAG a LIAG a LMAG

Pearson Correlation 1 .286 -.090 -.030 .268
a_teeth

P value .074 .582 .853 .094

Pearson Correlation 286 1 377 353" 551"
a_UIAG

P value .074 .017 .025 .000

Pearson Correlation -.090 377 1 235 583"
a_UMAG

P value .582 .017 .145 .000

Pearson Correlation -.030 .353° .235 1 .268
a_LIAG

P value .853 .025 .145 .095

Pearson Correlation 268 551" 583" .268 1
a_LMAG

P value .094 .000 .000 .095

*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

Table 13. Correlation between the different alveolar mucosae and teeth, CIE a*.

a_teeth a UAM a UMAM a LIAM a_ LMAM

Pearson Correlation 1 .067 .304 -.211 .282
a_teeth

P value .683 .057 192 .077

Pearson Correlation .067 1 .190 418" .151
a_UIAM

P value .683 241 .007 351

Pearson Correlation .304 .190 1 107 .150
a_UMAM

P value .057 241 .509 .356

Pearson Correlation -211 418" .107 1 .008
a_LIAM

P value 192 .007 .509 .959

Pearson Correlation .282 151 .150 .008 1
a_LMAM

P value .077 .351 .356 .959

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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Table 14 . Correlation between the different attached gingiva and teeth, CIE b*.

bteeth b UAG b UMAG b LIAG b LMAG

Pearson Correlation 1 -.053 -.176 -.223 -.110
b_teeth

P value 744 277 167 499

Pearson Correlation -.053 1 573" 501" 551"
b_UIAG

P value 744 .000 .001 .000

Pearson Correlation -176 573" 1 489" 500"
b_UMAG

P value 277 .000 .001 .001

Pearson Correlation -.223 501" 489" 1 4777
b_LIAG

P value 167 .001 .001 .002

Pearson Correlation -110 551" 500" 477" 1
b_LMAG

P value 499 .000 .001 .002

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

Table 15. Correlation between the different alveolar mucosae and teeth, CIE b*

b teeth b UAM b UMAM b LIAM b LMAM

Pearson Correlation 1 -.073 .003 -.153 -.197
b_teeth

P value .656 .984 .345 223

Pearson Correlation -.073 1 -.107 445" -.056
b_UIAM

P value .656 512 .004 730

Pearson Correlation .003 -.107 1 .042 598"
b_UMAM

P value .984 512 .798 .000

Pearson Correlation -153 445" .042 1 358"
b_LIAM

P value 345 .004 .798 .023

Pearson Correlation -.197 -.056 598" .358" 1
b_LMAM

P value 223 730 .000 .023

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

Table 16. Correlation between the different gingiva and glabella, CIE L*.

L UAG L UAM L UMAG L _UMAM L _LIAG L_LIAM L LMAG L LMAM L glabella
Pearson 253 046 144 499" 055 306 -108 475" 1
Correlation
L_glabella
P value 115 779 377 .001 .736 .055 .506 .002
**_Correlation is significant at the 0.01 level (2-tailed).
28



Table 17. Correlation between the different gingiva and glabella, CIE a*.

a UAG a UAM a UMAG a UMAM a LIAG a LIAM a LMAG a LMAM a_glabella

Pearson 180 489" 133 452" 132 208 213 040 1
Correlation

a_glabella
P value 265 001 413 003 418 198 186 805

** Correlation is significant at the 0.01 level (2-tailed).

Table 18. Correlation between the different gingiva and glabella, CIE b*.

b_UAG b_UAM b_UMAG b_UMAM b_LIAG b_LIAM b_LMAG b_LMAM b_glabella

Pearson 136 -.004 385" 074 305 005 156 340" 1
Correlation

b_glabella
P value 404 982 014 648 056 974 337 032

* Correlation is significant at the 0.05 level (2-tailed).

Table 19. Correlation between the different gingiva and risorius, CIE L*.

LUAG LUAM L UMAG L UMAM L LIAG L LIAM L LMAG L LMAM risorius
Pearson 321 -.048 173 414" 017 .198 -.034 238 1
L Correlation
risorius
P value .044 771 .285 .008 919 .220 .835 139
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
Table 20. Correlation between the different gingiva and risorius, CIE a*.
a UAG a UAM a UMAG a UMAM a LIAG a LIAM a LMAG a LMAM risorius
Pearson 320’ 273 011 202 163 086 312 576" 1
L Correlation
Risorius
P value .044 .088 946 212 314 .599 .050 .000

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).
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Table 21. Correlation between the different gingiva and risorius, CIE b*.

b_UAG b UAM b UMAG b UMAM b_LIAG

b LIAM b LMAG b LMAM b risorius

Pearson 175 120 302
L Correlation
b_risorius
P value .280 .460 .058

.088 367 .046

.588 .020 778

.168 .180

.299 .266

1

* Correlation is significant at the 0.05 level (2-tailed).

Table 22. Correlation between the different gingiva and inner arm, CIE L*.

L UAG L UAM L UMAG L UMAM L_LIAG L_LIAM

Pearson 118 -.032 150
Correlation

L_arm
P value 467 .846 .357

*

424" -.038 191

.006 .817 .238

L_LMAG L_LMAM L_arm
.166 .286
.306 .074

** Correlation is significant at the 0.01 level (2-tailed).

Table 23. Correlation between the different gingiva and inner arm, CIE a*.

a UAG a UAM a UMAG a UMAM a LIAG a LIAM a LMAG a LMAM

a_arm

Pearson 104 261 -179
Correlation

a_arm
P value 523 .104 .269

.176 .006 .001

277 971 .997

*k

.022 490

.895 .001

** Correlation is significant at the 0.01 level (2-tailed).

Table 24. Correlation between the different gingiva and inner arm, CIE b*.

b UAG b UIAM b UMAG b UMAM b LIAG

b LIAM b LMAG b LMAM b arm

Pearson 407" 115 425" .078 514" 215 210 373 1
Correlation
b_arm
P value .009 479 .006 .631 .001 182 194 .018
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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—*—male(n=22,mean=29.05,SD=2.72)
7 ¥ female(n=18,mean=28.22,SD=2.73)

25 26 27 28 29 30 31 32 33 34 35 36

Fig. 1. Age distribution of subjects.

Fig. 2. Measuring point of attached gingiva in the upper central incisor region.

Fig. 3. Measuring point of attached gingiva in the upper first molar region.
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Fig. 4. Measuring point of alveolar mucosa in the upper central incisor region.

Fig. 5. Measuring point of alveolar mucosa in the upper molar region.

Fig. 6. Installation of the custom mouthguard.
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Fig. 7. Skin reference measuring point for the glabella.

Fig. 9. Skin reference measuring point for the inner arm.
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Fig. 10. Distribution of attached gingiva and alveolar mucosa, CIE L".
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Fig. 11. Distribution of attached gingiva and alveolar mucosa, CIE a".
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Fig. 12. Distribution of attached gingiva and alveolar mucosa, CIE b".
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Fig. 13. Linear regression between upper incisor and upper molar attached gingiva, CIE L*.
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R2 Linear = 0.225
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Fig. 14. Linear regression between upper incisor and

lower incisor attached gingiva, CIE L*
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Fig. 16. Linear regression between upper molar and

upper incisor attached gingiva, CIE a*
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Fig. 18. Linear regression between upper molar and lower

molar attached gingiva, CIE a*
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Fig. 15. Linear regression between upper molar and lower

incisor attached gingiva, CIE [*.
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Fig. 17. Linear regression between lower incisor molar

and upper incisor attached gingiva, CIE a*
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R? Linear = 0.328
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Fig. 20. Linear regression between upper incisor and

upper molar attached gingiva, CIE b*
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Fig. 22. Linear regression between upper incisor and

lower molar attached gingiva, CIE b*
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Fig. 24. Linear regression between upper molar and lower

incisor attached gingiva, CIE b*
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Fig. 21. Linear regression between upper incisor and

lower incisor attached gingiva, CIE b*

F? Linear = 0.250

27 507
o
= [e]
25.00 %
Q
2o
(o] -
% 22,50 o o (s} o0
o o &
_II @
o 2 o
20.007] °
[e]
=]
17 .50
o
=]
o o
15.007
o 0
T T T = T T
10.00 15.00 20.00 25.00 30.00
b_UMAG

Fig. 23. Linear regression between upper molar and lower

molar attached gingiva, CIE b*
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Fig. 25. Linear regression between lower molar and lower

incisor attached gingiva, CIE b*
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Fig. 26. Linear regression between upper molar and lower

molar alveolar mucosa, CIE L*
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Fig. 28. Linear regression between upper incisor alveolar

mucosa and lower incisor alveolar mucosa, CIE b*
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Fig. 30. Linear regression between lower incisor alveolar

mucosa and lower molar alveolar mucosa, CIE b*
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Fig. 27. Linear regression between upper incisor and

lower incisor alveolar mucosa, CIE a*
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Fig. 29. Linear regression between lower molar alveolar

mucosa and upper molar alveolar mucosa, CIE b*
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Fig. 31. Linear regression between lower molar attached

gingiva and upper incisor alveolar mucosa, CIE a*
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Fig. 32. Linear regression between lower molar attached
gingiva and upper molar alveolar mucosa, CIE a*
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Fig. 34. Linear regression between upper molar attached
gingiva and upper molar alveolar mucosa, CIE b*.
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Fig. 36. Linear regression between lower incisor attached
gingiva and lower molar alveolar mucosa, CIE b.*
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Fig. 33. Linear regression between upper incisor attached

gingiva

and upper incisor alveolar mucosa, CIE b*.
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Fig. 38. Linear regression between lower molar attached
gingiva and lower molar alveolar mucosa, CIE b*
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Fig. 40. Linear regression between glabella and lower

molar alveolar mucosa, CIE L*
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Fig. 42. Linear regression between glabella and upper
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Fig. 39. Linear regression between glabella and upper

molar alveolar mucosa, CIE L*
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Fig. 41. Linear regression between glabella and upper

incisor alveolar mucosa, CIE L*
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Fig. 43. Linear regression between glabella and upper

molar attached gingiva, CIE b*
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Fig. 44. Linear regression between glabella and lower

molar alveolar mucosa, CIE b*
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Fig. 46. Linear regression between risorius and upper

incisor attached gingiva, CIE L*
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Fig. 48. Linear regression between risorius and upper

incisor attached gingiva, CIE a*
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Fig. 45. Linear regression between risorius and upper

molar alveolar mucosa, CIE L*
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Fig. 52. Linear regression between inner arm and upper

incisor attached gingiva, CIE b*
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Fig. 54. Linear regression between inner arm and lower

incisor attached gingiva, CIE b*
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Fig. 53. Linear regression between inner arm and upper

molar attached gingiva, CIE b*
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Fig. 55. Linear regression between inner arm and lower

molar alveolar mucosa, CIE b*

42

,ﬂ :

:L'I.‘,r_ 1_'_] |

-z

‘J]r [TL



Abstract

Color analysis of correlation
between gingiva, tooth and skin

using an intraoral colorimeter

Soojung Kim
School of Dentistry
The Graduate School

Seoul National University

1. Objectives

The aesthetics is one of the factors that affect the satisfaction
of the patient getting dental prosthetic treatment. In case of
loss of teeth accompanied by gingival recession, aesthetically
recovering the attached gingiva is an important factor for
successful prosthetic treatment. In most of the dental prosthetic
treatment, however, choices of gingival color have tended to be
randomly selected, depending on the dentists’ own standards.
For this reason, studies on the gingival color is required to
establish the criteria for the aesthetic restoration of attached
gingiva. While studies on the gingival color in other races have
already been conducted, the study on the gingival color in

Korean population have never been conducted. The aim of this
¥



study was to research the attached gingival color distribution of
Koreans and to propose an objective indicators for esthetic
restoration of attached gingiva based on correlation between
the individual color of attached gingiva and that of alveolar

mucosa, teeth, and skin.

2. Methods

A clinical data was taken from 40 healthy male and female
volunteers, who have healthy teeth and periodontal tissue. The
data consisted of 160 attached gingiva and alveolar mucosa
from the area near each maxillary and mandibular central
incisors and first molars, 80 teeth from each maxillary central
incisors and 200 skin colors from glabella, both cheeks and both
inside of upper arms. The volunteers who had any history of
treatment or trauma affecting maxillary central incisors and
skin color were excluded from the study. From the pre—survey,
the study participants were confirmed that they had good oral
hygiene habit enough not to cause any discoloration of teeth
and gingiva resulting from external environmental factors

The intraoral colorimeter ShadeEye NCC (Shofu, Tokyo, Japan)
was used for the study. The colorimeter has a disposable
elastic contact tip to achieve tight contact with the tooth surface.

Its outer diameter is 4 mm, and inner diameter is 2.5 mm.

3. Results

CIE L+* a* b* color of the attached gingiva and alveolar mucosa
showed a characteristic distribution. Each L, a', and b" of the
attached gingiva showed a statistically significant correlation

with each attached gingiva in a majority of areas (P < 0,05).
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Few cases showed that there was significant correlation
between the colors of the attached gingiva, alveolar mucosa,
and skin (P < 0.05). There was little significant relation
between the colors of the attached gingiva and the tooth (P >
0.05).

Key Words ; Colorimeter, gingiva color, tooth color, skin color,
CIE value
Student Number : 2011—22425
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