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Epidemiologic Study of Oral Cleft in
Maharatnakornratchasima Hospital between 2005-2009

Pongjai Virarat* Wipapun Ritthagol** Kamonrat Limpattamapanee*

Abstract

Objectives: To study distribution and incidence of cleft lip and/or palate at Maharatnakornratchasima
Hospital between 2005 - 2009 as well as that of the cleft lip and/or palate children less than 1 year of age who
were referred to this hospital during the same period. Methods: Data of the 2 groups of the patients, one lives birth
and other one who were referred to hospital’s dental department between 2005-2009, were collected and
categorized according to sex, type of anomalies, month of birth, birth rank, their home districts and consanguinity
of parents. Results: From all live births’ data at Maharatnakornratchasima Hospital, the incidence of cleft lips
and/or palates was 1.40: 1000. Incidences of cleft lip and cleft lip with palate increased while the incidence of
cleft palate decreased from year 2005 to 2009. It was found more in female than in male. Categorized by severity,
cleft lip and palate was the most found. Cleft children were born most in March, and least in May and July. From
data of the clefts less than 1 year of age who were referred to Dental Department, left complete unilateral cleft lip
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and palate was the most found. The first child with high relative to consanguinity of parents was mostly affected
and their families reside in Muang district. Conclusion: Results of this study coincide with the results of previous
studies in Thailand and elsewhere; however, it was found that the incidences of the anomalies have increased.
The incidences might have some connection to the time of the year which births occur. These findings will
support to a further study about etiologic factors, and better prevention plan and services.

Key words: cleft lip and palate -incidence -seasonal
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Table 1 Distribution of live births and cleft births by type and sex from 2005 - 2009
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Table 2 Incidence of cleft lip and/or cleft palate from 2005 - 2009
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Table 3 Distribution of live births and cleft births by type sex and month of birth from 2005 - 2009
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Table 4 Distribution of cleft lip and/or palate patients at the Hospital’s Dental Department by type and sex from 2005 - 2009
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Table 5 Distribution and percentage of the number of cleft lip and/or palate patients at the hospital’s dental

department categorized by rank in familial childbirth and genetics from 2005 - 2009
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sz 1 0.72 1 2.70
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Table 6 Distribution of cleft lip and/or palate patients according to their residences province from 2005 - 2009
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v gihemhaunismazmsemaulng (au) Sunugihe
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@) 2548 | 2549 | 2550 | 2551 | 2552 | 539u Ty

4 |9 81,161 1 - 1 1 - 3 0.370
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6 | In31% 69,102 2 1 1 - 1 5 0.724
7 | Twado 70,819 - - - 2 1 3 0.424
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18 | gaiiu 78,581 - 1 - 1 1 3 0.382
19 | vwnziade 28,134 1 - - - - 1 0.355
20 |Fn 121,316 1 - 5 1 - 7 0.577
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23 | udeanuung 37,803 - 2 - - - 2 0.529
24 | Tuuuag 33,156 - - - - - - 0
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33 | HONHIAUATT BTN - 1 3 1 4 3 12 -
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Fig. 1 Map of Nakornratchasima shows the number of cleft lip

and/or palate patients in different home districts
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Table 7 Reports of incidence of cleft lip and/or palate in many previous studies
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Craniofacial Growth in Skeletal Class III as Related
to Cervical Vertebral Maturation

Ketkunya Suvanprateeb* Sirima Petdachai**

Abstract

Objective: To investigate craniofacial growth in Thai skeletal Class Ill subjects by using cervical vertebral
maturation staging. Methods: Lateral cephalometric radiographs of 258 skeletal Class Il patients (107 males and
151 females) were divided into 6 groups by cervical vertebrae. The 24 cephalometric measurements were analyzed
and compared at subsequent stages by means of ANOVA with post hoc tests, in male and female groups separately.
Results: In skeletal Class III subjects, the pubertal peak in maxilla and mandibular growth occurred between
cervical stages 3 and 4 with average increments of maxillary length of about 6.09 and 3.14 mm while those of
mandibular length was about 8.70 and 7.01 mm in males and females, respectively. In addition, the mandibular
growth continued until early adulthood. The increases in mandibular length, however, were greater than those in

the maxilla and worsened the characteristics of skeletal Class 11l along with growth.

Key words: cervical vertebral maturation - craniofacial growth - skeletal Class 111
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Table 1 Means of craniofacial measurements in CVM stages and comparison at subsequent stages for male groups

cSt | €S2 | ¢s3 | cs4 | ¢S5 | cs6 ANOVA and post hoc test
n=20 n=20 n=12 n=18 n=14 n=23 Significance

Male CS1 | €S2 | €S3 | CcS4 | CS5
mean mean mean mean mean mean Vs vs vs Vs Vs

SD SD SD SD SD SD | cS2 | C€S3 | CcS4 | CS5 | CS6

Mean age (years) 8.30 10.73 | 11.94 | 13.65 | 14.57 | 22.27
1.24 1.18 1.38 1.05 1.12 4.25

Cranial base

1. S-N (mm.) 60.60 | 61.97 | 63.60 | 6498 | 67.48 | 66.79 NS NS NS NS NS
342 3.31 2.73 3.84 3.36 4.02

2. S-Ar (mm.) 29.59 | 31.58 | 33.69 | 35.06 | 36.26 | 36.08 NS NS NS NS NS
2.48 2.66 2.41 2.51 2.77 4.19

3. NSAr (deg.) 121.30 | 120.65 | 118.50 | 120.19 | 120.25 | 119.59 | NS NS NS NS NS
4.73 4.59 7.24 9.39 5.69 5.80

Marxilla

4. SNA (deg.) 80.63 | 80.75 80.00 | 82.47 | 83.43 | 82.22 NS NS NS NS NS
3.50 3.56 4.22 3.34 345 4.06

5. Co-A (mm.) 73.83 | 76.28 | 77.11 83.20 | 86.45 | 84.25 NS NS s NS NS
5.13 4.26 3.92 5.30 5.09 5.29

Mandible

6. SNB (deg.) 80.85 | 81.65 81.50 | 82.92 | 84.14 | 84.43 NS NS NS NS NS
3.26 4.02 3.68 3.75 4.12 4.12

7. Co-Gn (mm.) 97.51 | 103.91 | 107.07 | 115.77 | 119.88 | 122.91 v NS S NS NS

5.84 5.63 4.61 7.99 6.20 6.44

Maxilla-mandible relationship

8. ANB (deg.) -0.23 -0.90 -1.50 -0.44 -0.71 -2.22 NS NS NS NS NS
1.22 1.95 1.80 1.94 1.67 2.55

9. Wits appraisal (mm.) -8.51 -8.00 -9.66 -8.42 -7.96 | -10.54 NS NS NS NS &
1.81 2.24 2.93 1.83 2.35 3.34

10. PP/MP (deg.) 27.83 28.93 26.88 25.17 | 24.29 | 25.83 NS NS NS NS NS
5.89 5.96 5.30 5.01 5.18 4.51

11. Mx-Md diff (mm.) 23.68 27.63 29.97 32.57 | 33.43 38.66 R NS NS NS NS
2.54 3.11 3.22 391 5.17 6.25

Dentoalveolar

12. Ul-APog (mm.) 291 6.31 5.26 6.99 5.86 5.49 oK NS NS NS NS
2.44 2.48 2.97 2.53 3.32 2.90

13. U1/APog (deg.) 25.18 31.40 26.83 30.11 | 28.18 | 25.57 NS NS NS NS NS
7.40 6.47 6.83 4.80 7.97 5.99

14. L1-APog (mm.) 4.32 5.65 5.45 6.00 4.45 5.90 NS NS NS NS NS
1.63 1.97 2.61 2.12 3.54 2.20

15. L1/APog (deg.) 24.88 27.18 26.88 28.69 | 25.82 | 27.65 NS NS NS NS NS

5.08 4.52 4.47 4.93 6.24 5.05
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CS1 CS2 CS3 CS4 CS5 CSé6 ANOVA and post hoc test
n=20 n=20 n=12 n=18 n=14 n=23 Significance
Male cs1 | cs2 | cs3 | cs4 | css
mean mean mean man mean mean
VS VS VS VS VS
SO | SD | SD | SD | SD | SD | gy | cs3 | cs4 | CS5 | CS6
16. IMPA (deg.) 87.79 | 88.98 | 87.54 | 91.58 | 8532 | 8522 | NS | NS | NS | NS | Ns
703 | 654 | 613 | 491 | 1273 | 665
17. UI/L1 (deg.) 129.50 | 121.00 | 125.42 | 120.86 | 125.54 [ 12604 | NS | NS | NS | NS | Ns
1073 | 9.17 | 985 | 748 | 1348 | 8.59
18. U6-PTV (mm.) 783 | 1079 | 11.68 | 15.88 | 18.07 | 1896 | NS | NS * | NS | Ns
339 | 3.08 | 274 | 424 | 331 | 4.08
Vertical relationship
19. U6-PP (mm.) 1759 | 19.63 | 21.13 | 2245 | 2249 | 2575 | NS | NS | NS | NS | ==
116 | 207 | 206 | 246 | 185 | 234
20. L6-PP (mm.) 2520 | 2628 | 27.45 | 3092 | 30.86 | 3275 | NS | NS | * | NS | NS
156 | 248 | 1.65 | 3.00 | 249 | 259
21. N-PP (mm.) 4510 | 47.64 | 4941 | 5274 | 5429 | 5422 | NS | NS | NS | NS | NS
339 | 350 | 264 | 316 | 201 | 324
22. PP-Me (mm.) 5521 | 58.59 | 60.64 | 64.67 | 6445 | 6991 | NS | NS | NS | NS | ==
339 | 379 | 373 | 559 | 475 | 429
23. SN/GoGn (deg.) 33.88 | 33.05 | 33.04 | 3133 | 2954 | 3150 | NS | NS | NS | NS | NS
596 | 568 | 419 | 526 | 450 | 5.15
24. FMA (deg.) 2938 | 29.03 | 28.83 | 26.58 | 2421 | 2720 | NS | NS | NS | NS | Ns
605 | 532 | 527 | 426 | 574 | 474
nwtemig NS e liwuanuuananiuediiveaaynszauieding .05
* N804 p < .05 1A **H31eDd p<.01 1al¥ada post hoc test
d‘ ' d' @ 1 1 a = 9 1 a a @ [
MmN 2 AunasveInsiadiuaiuinansinandsvzuazlunihluudazssezveamsniayanlavednssgnaunad
daune tagwamsnlseuiiouszinaesszez Naotiloanulumsma
Table 2 Means of craniofacial measurements in CVM stages and comparison at subsequent stages for female groups
CS1 CS2 CS3 CS4 CS5 CSé6 ANOVA and post hoc test
n=21 n=18 n=22 n=27 n=25 | n=38 Significance
Femal
emate cs1 | cs2 | cs3 | cs4 | css
mean mean mean mean mean mean
VS VS VS VS VS
s 1D = =D SD | SD | g2 | ¢s3 | cs4 | CS5 | CS6
Mean age (years) 7.39 9.26 10.97 12.31 14.22 | 22.39
1.35 105 | 140 | 086 | 131 | 640
Cranial base
1. S-N (mm.) 5794 | 6030 | 60.40 | 62.10 | 62.14 | 62.60 | NS | NS | NS | NS | NS
342 | 277 | 238 | 241 | 263 | 2091
2. S-Ar (mm.) 2782 | 29.67 | 3086 | 31.54 | 3237 | 3205 | NS | NS | NS | NS | NS
2.53 196 | 261 | 337 | 215 | 284
3. NSAr (deg.) 122.79 | 121.19 | 122.36 | 121.87 | 121.58 [ 121.01 | NS | NS | NS | NS | NS
495 | 472 | 359 | 411 | 495 | 5.02
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CS1 CS2 CS3 CS4 CS5 CSé6 ANOVA and post hoc test
n=21 n=18 n=22 n=27 n=25 | n=38 Significance
Femal
emate cs1 | cs2 | ¢s3 | cs4 | css
mean mean mean mean mean mean
VS VS VS VS VS
SD SD SD SD SD | SD | gy | cs3 | cs4 | CS5 | CS6
Maxilla
4. SNA (deg.) 80.86 | 8139 | 81.68 | 82.06 | 81.90 | 8346 | NS | NS | NS | NS | NS
356 | 294 | 310 | 344 | 3.11 | 371
5.Co-A (mm.) 7114 | 7428 | 7566 | 7881 | 7986 | 7957 | NS | Ns | * | Ns | Ns
382 | 241 | 354 | 294 | 3.14 | 355
Mandible
6. SNB (deg.) 8131 | 8225 | 8252 | 8324 | 8320 | 85.13 | NS | NS | NS | NS | NS
384 | 334 | 333 | 367 | 3.16 | 414
7. Co-Gn (mm.) 94.14 | 100.11 | 102.94 | 109.95 | 11233 [ 11461 | ** | NS | ** | NS | NS

5.11 3.72 4.39 4.67 4.28 7.38

Maxilla-Mandible relationship

8. ANB (deg.) -0.45 -0.86 -0.84 -1.19 -1.30 | -1.67 | NS | NS NS [ NS | NS
1.57 1.85 2.07 2.05 2.01 241

9. Wits appraisal (mm.) -8.34 -8.73 -7.84 -9.20 -8.84 | -10.11 | NS | NS NS [ NS | NS
2.17 2.67 2.09 2.32 2.63 3.62

10. PP/MP (deg.) 25.55 26.69 26.70 27.19 26.04 | 26.28 | NS | NS NS | NS | NS
3.76 3.85 5.65 5.03 5.95 3.63

11. Mx-Md diff (mm.) 23.00 25.83 27.28 31.14 32.47 | 35.04 = NS xS NS | NS
2.58 2.81 2.64 2.78 3.82 6.06

Dentoalveolar

12. U1-APog (mm.) 3.67 4.46 6.48 7.03 6.46 5.87 NS | NS NS [ NS | NS
431 2.29 2.82 3.08 3.22 3.04

13. U1/APog (deg.) 24.28 27.36 31.68 30.52 28.46 | 2624 | NS | NS NS [ NS | NS
10.60 5.90 5.40 7.00 6.70 7.31

14. L1-APog (mm.) 4.39 5.17 6.11 6.42 5.05 5.60 NS | NS NS [ NS | NS
1.46 2.22 1.87 2.98 3.26 2.30

15. L1/APog (deg.) 25.08 27.58 29.14 29.56 2548 | 27.43 | NS | NS NS [ NS | NS
6.21 4.60 3.20 5.21 6.43 4.80

16. IMPA (deg.) 88.86 89.97 91.84 90.24 86.66 | 86.36 | NS | NS NS [ NS | NS
7.68 5.41 4.75 6.14 8.47 6.63

17. U1/L1 (deg.) 129.14 | 124.25 | 118.57 | 119.43 | 125.40 | 12599 | NS | NS NS [ NS | NS
14.06 7.43 7.33 10.87 12.17 9.80

18. U6-PTV (mm.) 7.76 10.01 11.54 15.25 14.83 | 16.72 | NS | NS < NS | NS
2.19 2.57 3.60 3.59 3.40 4.49

Vertical relationship

19. U6-PP (mm.) 16.62 18.37 19.32 20.99 22.09 | 23.04 o NS < NS | NS
1.43 1.11 1.50 2.12 1.64 2.12

20. L6-MP (mm.) 24.21 25.57 26.94 28.97 28.03 | 29.72 | NS | NS & NS &
2.73 1.57 1.58 2.02 2.50 2.16

21. N-PP (mm.) 43.45 44.41 47.04 49.48 50.53 | 49.62 | NS * * NS | NS

2.77 2.50 2.28 2.45 2.32 2.78
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CS1 CS2 CS3 CS4 CS5 CSé6 ANOVA and post hoc test
n=21 n=18 n=22 n=27 n=25 | n=38 Significance
Femal
emate cs1 | cs2 | cs3 | cs4 | css
mean mean mean mean mean mean
VS VS VS VS VS
SD SD SD SD SD | SD | sy | cs3 | cs4 | CS5 | CS6
22. PP-Me (mm.) 51.90 | 5560 | 57.54 | 61.11 | 61.66 | 6410 | ** | NS | * | NS | NS
3.19 2.51 3.63 395 | 490 | 4.96
23. SN/GoGn (deg.) 3114 | 3147 | 31.14 | 3256 | 3146 | 3072 | NS | NS | NS | NS | NS
4.16 476 | 477 | 444 | 441 | 546
24. FMA (deg.) 26.40 | 2775 | 27.05 | 26.76 | 2536 | 26.17 | NS | NS | NS | NS | NS
3.93 354 | 481 406 | 474 | 487
Waterg NS vuede lunuanuuananiuegelived iy ﬁzﬁuﬁﬂﬁﬁm .05
* N804 p < .05 1A **H1eD4 p < .01 Tﬂﬂ“l%’aa @ post hoc test
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Fig. 3 Changes of maxilla length between CVM stages
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Fig. 4 Changes of mandibular length between CVM stages

PP-Me

—4&—males
— & — females

CS1-Cs2 CS2-CS3 CS3-CS4 CS4-CS5 CS5-CS6
Interval between CVM stages

gUins  mslasunlasnnugeveslumhaanseninsgesvoumssauay laveansegnaunaiaune
Fig. 5 Changes of lower anterior face height between CVM stages
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The Effect of Inclination of a Maxillary Central Incisor on
the Moment to Force Ratio: Finite Element Method

Athicha Kanjanaouthai* Korapin Mahatumarat** Paiboon Techalertpaisarn** Antheunis Versluis***

Abstract

Objective: the purpose of this study was to determine the effect of labiolingual inclination of a maxillary
central incisor on the moment to force ratio (M/F) which produces bodily movement by using the finite element
method (FEM). Methods: Five three-dimensional models of a right maxillary central incisor were constructed
based on average anatomic dimensions with 0, 10, 20, 30, and 40 -degree inclination. A constant lingual force of
1 N was applied to each model at 4.5 mm. apical to the incisal edge and midpoint of the mesiodistal width and
the moment was varied from 8 to 9, 10, 11, and 12 N mm. The anteroposterior movements of the incisal edge and
apex were measured and plotted to show the relationship between anteroposterior movements and the M/F in each
inclination. The M/F which produced bodily movement was determined at the intersection of the two graphical
lines which indicated that the incisal edge and apex moved in the same direction and distance. Results: it was
demonstrated that the M/F decreased with increased inclination of the incisor. Moreover, the location of the center
of resistance of a maxillary central incisor was relatively constant with increased inclination in terms of the

proportion to the root length measured from the apex to the center of resistance, which was approximately 0.67.

Key words: center of resistance «inclination » maxillary central incisor - moment to force ratio
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Introduction

Orthodontic therapy depends on the reaction
of periodontal ligament around teeth to light but
continuous force. The two “treatments” used in
orthodontic therapy are forces and moments.
Prescribing the correct amount of each one can produce
the desired type of tooth movement.("’ The simplest
expression of these “treatments” to regulate types of
tooth movement is the moment to force ratio (M/F)
prescribed at the bracket.®

The location of the center of resistance is
considered as an essential part in the planning of
orthodontic tooth movement. If this center is precisely
located, the force system could be determined to
achieve the desired tooth movement. With respect to
the M/F and the location of the center of resistance, the
amount of the M/F which produced bodily movement
of a tooth equals to the length of the perpendicular
projection from the point of force application to the
center of resistance. When the M/F is less than the
distance between the point of force application and
the center of resistance of a tooth, controlled tipping
movement occurs. Root movement would happen
when the M/F is greater than this distance."

Finite element method (FEM) is a powerful
computer-simulation tool for solving stress — strain
problems in the mechanics of solids and structures in
engineering.®) It was first introduced in dentistry in
1973 by Farah and Craig in a restorative field.” Since
then, FEM has been increasingly applied as a research
tool in dentistry. In orthodontics, FEM was first
reported two decades ago.

The principle of FEM is discretization of the
structure of interest into elements. Each element is
connected by points at its corners called nodes. These
elements and nodes make up a grid called mesh that is
programmed to contain the material and structural
properties such as Young’s modulus and Poisson’s
ratio. The boundary conditions are defined to simulate
constraints and loads. The problem is solved for each
element and gathered them together to represent the
solution of the entire system. The accuracy of the result
from FEM depends, among others, on the number and
size of elements.®

There are many studies about factors which have
an effect on the position of the center of resistance by
FEM. Smith et al.® stated that the position of the
center of resistance varied with root length and alveolar
bone height. Tanne e al.'” also claimed that the
position of the center of resistance shifted more
cervically to the alveolar crest with a shorter root. But

it was more apical relative to the cervix with reduced
alveolar bone height.

Furthermore, Yoshida er al.®® determined the
initial movement of a tooth by a magnetic sensing
system in an in vivo study. They found that the location
of the center of resistance depended on the palatal
alveolar bone height when anterior teeth were retracted.

However, among all finite element studies which
have been mentioned earlier, the long axis of a tooth
was perpendicular to the occlusal plane and the force
vector was perpendicular to the long axis. Labiolingual
inclination was not taken into consideration. In reality,
an upper central incisor is inclined to the line
perpendicular to the occlusal plane approximately 30
degrees®1?. Besides, the force vector is usually not
perpendicular to the long axis of the incisor.

The purpose of this study was to determine the
effect of labiolingual inclination of a maxillary central
incisor on the M/F which produces bodily movement.
As a result, the location of center of resistance may be
identified.

Materials and Methods

A three—dimensional finite element model of
a right maxillary central incisor was constructed. The
model contained a tooth, periodontal ligament (PDL),
and alveolar bone. It consisted of 2,896 nodes and
2,400 eight—node solid elements (Figure 1).

The geometry of the maxillary central incisor
was based on average anatomical dimensions from
Wheeler’s Dental Anatomy textbook.') The length of
the tooth which was measured from the incisal edge to
the root apex was 23.5 mm. The crown length was 10.5
mm. measured from the lowest point of the incisal edge
to the highest point on cementoenamel junction (CEJ)
on the labial aspect. The root length was 13 mm.
measured from the highest point of CEJ to the root
apex on the labial aspect. The mesiodistal width of the
crown was 8 mm. measured at the contact areas. The
labiolingual width of the crown was 7 mm. measured at
the height of contour of labial and lingual sides in the
cervical area. These dimensions were modified to get
the best possible shape in model construction. The PDL
widths at different cervicoapical levels were derived from
data of Coolidge (Table 1).1? The PDL was constructed
from 2 mm. below the CEJ down to the root apex.

The average alveolar bone thickness at the labial
and lingual sides was from sampled cephalometric
radiographs because data of the thickness of labial and
lingual bone of a maxillary central incisor was not
available. Thirty radiographs were sampled for this
study. They were from orthodontic patients who had
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skeletal class I characteristic. These patients’ upper
incisors were well aligned and the alveolar bones were
normal clinically. The patients’ age ranged from 11 to
37 years with a mean of 24.95 + 6.82 years. Each
radiograph was with good quality and was taken with
the same x-ray machine (Orthophos3, SIRONA dental
systems GmbH. Manufacturer, Bensheim, Germany).
The maxillary central incisor root, measured from
alveolar crest to the root apex, was divided into 4 equal
parts, perpendicular to the long axis of the tooth.
Labial and lingual bone thickness were measured
in millimeters at five levels: 1) at alveolar crest,
2) midpoint between alveolar crest and mid root,
3) mid root, 4) midpoint between mid root and the
apex, and 5) at the apex. At each level, the thickness
of alveolar bone was measured from the outer surface
of the root to the outer surface of the bone (Figure 2).
The means of alveolar bone thicknesses from these
5 levels were calculated and are shown in Table 2.
The crest of alveolar bone started at the same level as
the height of PDL (2 mm. below the CEJ). The number
of bone elements was 1,344. The base of the model
was 4 mm. thick measured from the apex of the incisor.

Table 1  Periodontal ligament widths'?

The long axis of the original model was
positioned perpendicular to the occlusal plane. Then,
the whole model was inclined labiolingually at 10,
20, 30, and 40 degrees compared with the original
long axis to simulate various labiolingual inclinations
of a tooth.

All materials were assumed to be homogeneous,
isotropic and linear elastic. The material properties of
a tooth, PDL, and alveolar bone, in terms of Young’s
modulus (N/mm?) and Poisson’s ratio, are shown in
Table 3. These data were gathered from previous
studies.® 1317

The software used in this study was Marc Mentat
2007 for Windows (MSC. Software Corporation, Santa
Ana, CA, USA) on a notebook computer; Intel® Core™
2 Duo (P7450) 2.13 GHz, 4096 MB RAM, and 298 GB
hard disk. The operating system was Microsoft®
Windows XP. This program was licensed to Chula-
longkorn University.

Three different types of loads were applied
at the crown of the upper central incisor on each
model (Figure 3). These included a lingual force,

Distance from alveolar crest (imm)

Periodontal ligament widths (mm)

Mesial Distal Labial Lingual
11 0.22 0.20 0.25 0.25
10 0.20 0.18 0.22 0.22
8 0.17 0.15 0.20 0.20
6 0.16 0.14 0.18 0.18
4 0.17 0.15 0.20 0.20
2 0.20 0.18 0.22 0.22
0 0.21 0.19 0.24 0.24

Table 2 Average alveolar bone thickness of 5 levels from Figure 2.

Average alveolar bone thickness (mm)

Level
Labial Lingual
At alveolar crest (1) 0.82 0.94
Midpoint between alveolar crest and mid root (2) 1.34 2.32
Mid root (3) 1.55 3.30
Midpoint between mid root and the apex (4) 1.93 4.76
At the apex (5) 4.18 7.63

26



J Thai Assoc Orthod Vol 9 2010 Athicha Kanjanaouthai et al

Fig. 1 The labial aspect of the three-dimensional finite element model of a right Fig. 2 Locations of the bone thickness measurements
maxillary central incisor and surrounding tissues is shown on the left.
The right side shows the components of the model which consist of
A) a right maxillary central incisor on the labial aspect, B) periodontal
ligament, and C) bone.

bone

FDL

none

c

Fig. 3 A) The labial aspect of the right maxillary central incisor with location of the applied force and moments. The red arrow (1) is
a lingual force of 1 N. The blue arrows (2 and 3) represent the counter-tipping moment which produces labial crown movement.
The green arrows (4 and 5) represent the counter-rotation moment which produces distolingual rotation. B) The distal aspect
of crown, showing the lingual force and counter-tipping moment. C) The incisal aspect, showing the lingual force and
counter-rotation moment.
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a counter-tipping moment, and a counter-rotation
moment. Firstly, the lingual force (F) of 1 N, directed
to the lingual side, was applied at the node 4.5 mm.
apical to the incisal edge and midpoint of mesiodistal
width. This point corresponded to the location where
the center of the bracket slot would usually be.®) The
magnitude of 1 N was chosen because it corresponded
to the force level used in clinical practice.'® The lingual
force was parallel to the occlusal plane in every model
and kept constant. Secondly, the Counter-tipping
moment (Mt) comprised two parallel forces of equal
magnitude and opposite labiolingual direction. This
moment produced labial crown movement. The
magnitude of Mt was varied from 8 to 9, 10, 11, and
12 N'-mm. Finally, the Counter-rotation moment (Mr)
which produced distolingual rotation was applied to
counteract the confounding moment. Because the
lingual force was applied at the center of mesiodistal
width of the crown whereas the root of the tooth tipped
distally, it was mesial to the center of resistance and
caused a confounding moment that rotated the tooth
mesiolingually. The Mr was calibrated to make the
mesial and distal ends of the incisal edge moved
equally in distance and the same direction.

The boundary conditions were defined to
constrain free body motions of the model. All nodes at
the base of the model were fixed in all directions.
Nodes on the mesial and distal surfaces of the bone
were fixed in mesiodistal and incisoapical directions,
which allowed bending of the bone in labial and
lingual directions.®

Anteroposterior movement of the incisor was
measured in each model at 2 nodes which were on the
same sagittal plane. The first node was at the center
of incisal edge on the labial side, representing the
movement of the incisal edge. The second node was
at the center of the apex to represent the movement of
the apex. Positive and negative values were defined
where the node moved to labial and lingual side,
respectively. In each model of inclination, the
relationship between the counter-tipping moment

Table 3 Mechanical properties of the structural elements.

to lingual force ratios (Mt/F) and anteroposterior
movements of the incisal edge and the apex were
plotted. The bodily movement was obtained when
these 2 nodes moved in the same distance and
direction.

Results

Every inclination had similar tendency of
anteroposterior movement of the incisal edge and
apex with respect to the pattern of changes when
the Mt/F ratio was changed. (Figure 4) Both of the
anteroposterior movements of the incisal edge and
apex showed a linear relationship with the Mt/F ratio.
When the Mt/F ratio was increased, the incisal
edge tended to move less to the lingual side and
consequently the position was more to the labial side.
In contrast, the apex tended to move less to the labial
side and thus the position moved more to the lingual
side. Furthermore, the slopes of the plotted relationship
of the incisal edge movements was higher than that of
the apex movements (Table 4). In addition, when
the inclination increased, the slopes of linear graphs of
the relationships between the Mt/F ratios and
anteroposterio movement of both incisal edge and
apex decreased slightly.

The points of the intersection between graphical
lines of the incisal edge and apex were different among
all inclinations. The intersection between two graphical
lines indicated that the incisal edge and apex moved in
the same direction and distance. Therefore, the Mt/F
ratio at the intersection represented the M/F ratio
which produced bodily movement of the incisor.
In addition, at a 40-degree inclination, the Mt/F ratio at
the intersection was lower than 8. To find the exact
MU/F ratio which produced bodily movement, the Mt/F
ratio was further reduced to 6. It was found that the
Mt/F ratios which created bodily movement were
11.65, 10.91, 9.85, 8.48, and 6.87 when the incli-
nations were 0, 10, 20, 30, and 40 degrees, respectively.
In each inclination, Mt/F ratios which were lower than
these ratios produced crown movement to the lingual

(3,13-17)

Mechanical properties

Structures
Young’s modulus (N/mm?) Poisson’s ratio
Tooth 20300 0.3
PDL 0.68 0.49
Alveolar bone 13700 0.3
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Fig. 4

A-E The relationships between the Mt/F ratios and anteroposterior movements of the incisal edge and apex when the inclination

was kept constant at 0, 10, 20, 30, and 40 degrees. Diagrams on the right side show the directions and distances of anteroposterior

movement of the incisal edge and apex for each Mt/F ratio.
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Table 4 Slopes of the relationships between the Mt/F ratios and anteroposterior movement of the incisal edge

and apex for the five inclinations.

Magnitude of slopes of anteroposterior movement graphs

Inclination
(degree) Incisal edge (x10-6) Apex (x10-6)
0 579 178
10 566 177
20 538 171
30 489 159
40 428 142

side; while the higher ratios created root movement to
the lingual side of the incisor.

As mentioned earlier, the M/F ratio which
produced bodily movement was equal to the length
of the perpendicular projection from the line of action
of the force to the center of resistance. In other
words, it was the distance in Z-direction in the three-
dimensional Cartesian coordinate system (Figure 5).
To eliminate the influence of different root lengths
in Z-direction in each inclination, the position of the
center of resistance in every model was demonstrated
as the proportion of the distance from the center of
resistance to the apex (X) to the root length. This
root length was an average of 2 lengths in Z axis

30

covered by labial (RLa) and lingual (RLi) alveolar
bone. The results showed that when the inclinations of
the tooth were 0, 10, 20, 30, and 40 degrees, the
proportions (x/root length) were comparable. They
were 0.668, 0.671, 0.672, 0.675, and 0.677, respectively.
The observed proportions were within a narrow range
with a mean of 0.673.

Discussion

The graphs of the relationships between Mt/F
ratios and the anteroposterior movement of the incisal
edge and the apex showed that the slope of the graph of
incisal edge movement was steeper than that of the
apex in each inclination when increased Mt/F ratio.
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L.

rui| N

RLa
CRe

A

Force

Fig.5

Position of center of resistance with respect to the geometries of a central incisor and alveolar bone. CRe = center of resistance of

an incisor; RLi = root length in Z axis covered by lingual alveolar bone; RLa = root length in Z axis covered by labial alveolar
bone; X = distance, perpendicular to the occlusal plane, from the center of resistance to the apex; D = perpendicular distance from
the point of force application to the center of resistance, this distance equals the M/F ratio which produced bodily movement.

This indicated that the root apex was more difficult to
move than the incisal edge when the force system was
changed. The slight decrease in slope with increasing
inclination suggests that a proclined incisor would
respond less to alteration of the force system than
a retroclined incisor.

In the present study, the relationship of the
position of the center of resistance of a central incisor
and its inclination was determined. The position of
the center of resistance was located by investigating
the Mt/F ratio which produced bodily movement in
each inclination. The Mt/F ratio in this study was the
same as what is commonly referred to as the M/F ratio
in orthodontics. The Mt/F ratio for bodily movement
decreased with increased inclination of the incisor.
However, when the position of the center of resistance
was defined as the proportion to the root length
measured from the apex to the alveolar crest, it was
shown that these proportions could be approximated
for all inclinations. The mean of these values was
about 0.67 of the root length. This result is in
agreement with previous studies. Burstone and
Pryputniewicz® used laser holography to determine
center of resistance and center of rotation of a maxillary
central incisor in three-dimension movement. They
showed that the center of resistance was at a point
one-third of the distance from the alveolar crest to
the apex. In addition, Yoshida et al.® studied the
location of the center of resistance in three human
subjects using a magnetic sensing system. They found
that the location of the center of resistance was at
approximately two-thirds of palatal alveolar bone,
measured from the root apex.

In contrast, Tanne et al.!'?, Geramy(zo), and

Poppe et al.*" reported different values. These three
studies were also performed using finite element
modeling of maxillary central incisors. They found
the proportions were 0.76, 0.58, and 0.57 of the root
length from the apex, respectively. However, unlike
the present study, these three studies did not consider
the labiolingual inclination. All applied the force
vector perpendicular to the long axis of the incisor.
Moreover, the material properties and the anatomical
layout were also different from the current study.
The results of the studies of Geramy and Poppe et al.
were similar to the results with a 2-dimensional
analytical model based on parabolic root shape by
Burstone and Pryputniewicz®.

The results of the current study may have
clinical implications. First, in normal inclination, an
upper central incisor is inclined to the line
perpendicular to the occlusal plane approximately
30 degrees”'?, so the M/F ratio that should be
applied to the incisor should be lower than the
theoretical ratio which is approximately 8 to 10,
Moreover, in clinical practice, when bodily movement
of an incisor is required, the appropriate M/F ratio to
the inclination of the incisor should be adjusted
appropriately because the same amount of M/F ratio
can produce different effects in different inclinations.
From the present study, when the M/F ratio was 10,
controlled tipping movement occurred in 10-degree
inclination model, bodily movement occurred in
20-degree inclination model and more root movement
occurred in 30-degree inclination model. Finally,
in patients with Class II division 1 malocclusion,

31



oY1 ngyaugiie uazam

7 91ua 9ailu T 9 2553

upper incisors are usually protruded. The desirable
movement is controlled tipping to produce normal
inclination. As a consequence, the M/F ratio applied
at the bracket should be lower than the upright incisor.
From the 40-degree inclination model in this study,
the M/F should be lower than 6.87. In contrast, in
patients with Class II division 2 malocclusion, upper
incisors are usually retroclined. Therefore, root
movement is indicated and the M/F ratio should be
higher.

This study has several limitations. Although
the mechanical properties of the PDL have been reported
to be nonlinear and anisotropic®*?®, homogeneous,
isotropic and linear elastic properties were assumed.
Moreover, the geometry of a maxillary central incisor
was based on average anatomical dimensions. The
results of this analysis thus apply to an average among
individuals.® ' However, our results can be used as
a guideline to better understand the mechanical
response of teeth with different inclinations.

Further investigation of periodontal ligament
stress-strain response in finite element analyses should
be performed. Furthermore, more accurate simulation
of loading and approximation of material behavior
should be carried out.

Conclusion

The present study investigated the biomechanical
aspect of tooth movement and examined the effect of
the inclination of an incisor to the M/F ratio using
finite element method. It was found that:

1. The M/F ratio needed for bodily movement
decreased when inclination of the maxillary central
incisor increased.

2. The location of the center of resistance of
a maxillary central incisor was approximately constant
with increased inclination in terms of the proportion to
the root length measured from the apex to the alveolar
crest at about 0.67.
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KORAT NAM

Pongjai Wirarat* Pinai Nirunrungrueng** Wipapun Ritthagol*** Chutimaporn Keinprasit****

Abstract

Obturator is an appliance of choices for solving feeding problem and aligning upper alveolar ridges before

surgery in cleft lip and palate babies. The conventional obturator is incapable of tackling postsurgical flat and
asymmetrical-nosed residual problem. KORAT NAM is developed and specifically designed for suitably treating cleft lip
and palate newborn babies in the northeastern part of Thailand. The 3 main functions of KORAT NAM are: 1) to mold
and align deviating split upper alveolar ridges, 2) to mold nasal structures (tip, alar and base of nose) as close as
possible to normal, 3) to work as prosthetic palate which facilitates milk uptake by ridding aspiration and regurgitation
causing infection and pneumonia. Apart from nasoalveolar molding, KORAT NAM also has the added advantages of
better and simplifying lip and nose plastic surgical procedures, reducing surgical chair time and frequency and
decreasing severity of malocclusions.

A case report is given of a 3-day-old baby boy with right unilateral complete cleft lip and palate being treated
with KORAT NAM I and II at pre and post lip and nose surgical repairs. After receiving treatment, split lip, palate and
upper alveolar ridges showed substantial improvement. The patient had a lip and nose surgery done at the age of 5 1/2
months. The treatment outcome was entirely satisfactory. The close resemblance between corrected and normal sides
brings parents great satisfaction and peace of mind. Furthermore, patient can gain normal tongue position leading up to
good swallowing and speech development.

Key words: cleft lip and palate « KORAT NAM - nasoalveolar molding « obturator
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Fig. 10  Patient at a. 3 month-old with KORAT NAM I in situ b. - d. 5 1/2 month-old before lip and nose surgery
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b. - c. 7 days after the surgery
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Early Orthodontic Treatment
in the Parry-Romberg Syndrome: A Case Report

Tasanee Wangsrimongkol* Poonsak Pisek* Wallop Jansawang**

Abstract

Parry-Romberg syndrome or progressive hemifacial atrophy is a rare disorder characterized by slowly
progressive hemifacial atrophy of subcutaneous fat and the wasting of associated skin, cartilage, muscle, bone and
connective or ocular tissue. A case report presents highlighting the correction problems affecting craniofacial
development of a patient, occurring during childhood, and removable orthodontic appliances are employed, which
helps improve or at least improve parallelism of the facial planes. The use of orthodontic therapy allows patients

affected by hemifacial progressive atrophy to present a more harmonic face at pre-puberty.

Key words: Parry-Romberg syndrome - progressive hemifacial atrophy - early orthodontic treatment

Introduction is unknown. Suggested theories include trauma,

Parry-Romberg syndrome or progressive infections, genetic factors, peripheral and trigeminal

hemifacial atrophy (PRS; OMIM % 141300) is a rare neuritis, lymphocytic neurovasculitis, localized

disorder with 772 cases reported before 1964.:? Tt is
characterized by a slow and progressive hemifacial
atrophy of subcutaneous fat that can be followed by
the wasting of associated skin, cartilage, bone, muscle,
and connective or ocular tissue.®™ The etiology

scleroderma, endocrine disturbance, autoimmunity, and
heredity. However, none of these has been proven.®”

The pathology is observed more frequently in
females, in equal percentage on both sides of the
face.*® The period during which this pathology is
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active ranges widely with this respects to onset and
duration (usually 7 to 9 years).”) The degree of facial
deformity is usually more severe if atrophy begins in
the first decades, as growth is rapid during this time.

Extraoral manifestations are facial asymmetry
resulting in facial deformation and difficulty with
mastication.®!'”) The skin overlying affected areas may
become hyperpigmented with characteristic white,
brown, or blue patches.!'" Progressive atrophy is
generally localized to a small area of the skin corres-
ponding to the temporal or buccinators muscles. This
wasted area increases in size downward toward the
neck and labial commissure, and upward toward
the eyebrow.!>!¥ The wasting process extends from
months to years during which time the skin becomes
dry and thin but freely movable. Atrophy of underlying
muscles, bones, and cartilage is responsible for the
typically aged appearance of the patient.!>!*!> Many
patients are neurologically normal, although symptoms
attributable to ipsilateral cerebral hemispheric dysfunc-
tion are not uncommon. Seizures are the most frequent
neurologic symptom.'” The scalp of the involved side
can display circumscribed but complete alopecia
limited to the paramedian area, eyelashes, and the
median portion of the eyebrow.!" Ocular signs are
described as enophthalmos with lower lid atrophy.
The ear can be misshapen, smaller than normal, or
bat-eared because of tissue atrophy. Anterior to
posterior growth can be altered by deviation of the
entire middle and lower third of the face to the affected
side, carrying the nose and chin with it.!? The mouth
may be drawn upward because of skin and subcuta-
neous tissue atrophy and often deviates to the affected
side. When the lips are involved, they can be showing
a unilateral dentition.

Intraoral soft tissues and muscle of mastication
can be affected, but they usually function normally
without impairment of movement, speech, or degluti-
tion.) The soft and hard palate can be deficient in
all dimensions on the affected side leading to facial
concavity. A decreased depth and width of the
retromolar region of the pharynx can be present.
Hemiatrophy of the tongue is commonly noted.!?
Growth of the jaws and teeth can be affected as are
other tissues.®) The mandibular body can be shorter
than normal, the ramus can be deficient vertically, and
there can be a delay of mandibular angle development.
Spontaneous fracture of the mandible has also been
reported.!"1219 The latter disturbances in jaw growth

44

can result in a unilateral malocclusion on the involved
side and deviation of the facial and dental midlines.!>'®
Missing teeth, retarded tooth formation, delayed tooth
eruption, atrophic root development or resorption of
the roots of the teeth on the affected side have been
reported.1%17-19) The teeth often appear clinically
normal, have regular enamel, dentin, cementum, and

pulp and can test vital.'?

Treatment includes augmentation of the atrophic
areas for aesthetic rehabilitation and symptomatic
treatment for neurological disorders. Usually plastic
and maxillofacial surgery is deferred until the diseases
process ceases.!!*!)

The objective in early orthodontic treatment and
dentofacial orthopedic care, to treat facial asymmetry
presenting in Parry-Romberg syndrome, is to improve
mandibular asymmetry by stimulating those growth
sites or centers that are not directly involved in the
wasting process and correct some malocclusions
that may be interfered with dentofacial growth and
development.

Without any orthodontic and orthopedic
treatment during the remaining of craniofacial growth
potential, the mandible will become asymmetric, with
a longer ramus and condyle on the healthy side of
the face with respect to the other side. This problem is
evident in all craniofacial malformations characterized
by functional limitation, as shown by McNamara,
who described the effects of the limited mandibular
function at the neuromuscular and skeletal level.??

The growth process is affected by the action of
genetically encoded factors such as hormone level and
the nature of growing tissue. However, the end result in
craniofacial growth is mainly determined by function.?
If one side of the face is less developed than the other,
function is asymmetrical, resulting in an inclination of
the occlusal plane and mandibular bone asymmetry.
Hence, the objective of orthodontic therapy in this
clinical situation is to stimulate the condylar growth of
the affected side in a vertical direction to obtain an
equal growth of the two sides of the mandible.

In Parry-Romberg syndrome, with the aid of
early orthodontic treatment, the patient may not need
mandibular surgery but may still require soft tissue
reconstruction and occlusal rehabilitation therapy in
adulthood.

The aim of this article is to report early orthodontic
treatment in the patient affected by Parry-Romberg
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syndrome to regulate mandibular growth. Therapy was
protracted during the years of patient’s pre-pubertal
spurts.

Case Report
Patient history

A 6-year 4-month old healthy Thai girl with
a known history of Parry-Romberg syndrome presented
to Orthodontic department, Khon Kaen University,
Khon Kaen, Thailand. She had no history of medical
problems and no family history of hereditary diseases.
Her dental examinations were performed routinely, and
no oral habits or temporomandibular disease symptoms
were present. Her mother was concerned about the
reduced height of the left side of her face.

Diagnosis
Clinical Examination

The patient had an asymmetrical face, a meso-
facial pattern, and a straight profile. She had competent
lips at rest, a good proportion, normal form and thickness
of upper and lower lips, slightly acute nasolabial angle,
and normal mentolabial fold (Fig. 1).

She was in the early mixed dentition. She
had poor oral hygiene with several extensive caries.
Intraorally, the dental occlusion was molar Class III on
the right side (2 mm), Class II on the left side (12 mm)

and deciduous canine Class I on the right side and
Class IIT on the left side, an anterior crossbite, a reverse
overjet of 2 mm and an overbite of 4 mm (40% of
the clinical crown of the lower incisors). The frontal
view suggested an upward inclination to the left of
the occlusal plane (Fig.1). Both the maxillary and
mandibular arches were asymmetrical and ovoid
shaped. The maxillary dental midline was coincident
with the facial midline while the mandibular dental
midline was shift to the right 1 mm. A functional
analysis was performed. There was no CO-CR discre-
pancy.
Model Analysis

Sizes in millimeters of four erupted lower incisors
were measured. According to mixed dentition analysis,
using Tanaka and Johnston method, maxilla possessed
a space deficiency of 3 mm while mandible possessed
a space excess of 1 mm.

Radiographic Analysis

Panoramic radiograph showed the presence and
the development of all her permanent teeth except for
#18, 28, 38, and 48. The mandible was short on the left
side and there was a reduced height of the left ramus
compared to the right side. The left side of the upper
jaw showed malformed first permanent molar root and
microdontia of second permanent molar. There was
condylar asymmetry, with the condyle on the right side
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being longer than that on the left side. In the mandible,
the differences between the two condylar and ramus
heights were determined (Fig. 2).

Postero-anterior cephalometric radiograph showed
delayed of the left angle of the mandible and confirmed
the left deviation of the maxilla (Fig. 3A). Asymmetry
of the face is confirmed by tracing a film (Fig. 3B).

Lateral cephalometric analysis revealed a Class III
skeletal relationship attributed to a deficient maxilla.
She presented with a retroclination and retruded

position of maxillary and mandibular incisor, and

a normal position of lower lip (Fig. 4). Some values
from lateral cephalometric measurements were shown
in Table 1.

Treatment objectives

The treatment objectives of Phase I treatment
included correct anterior crossbite, achieving normal
overjet and overbite, correct a cant of occlusal plane,
improving facial appearance, and promoting and

monitoring the growth of the mandible.

Fig. 2

Pre-treatment panoramic radiograph.

Pre-treatment

Fig. 3

A. Postero-anterior cephalometric radiograph.

B. Tracing of postero-anterior cephalometric radiograph.
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-
4B
Fig. 4 Pre-treatment A. Lateral cephalometric radiograph.
B. Tracing of lateral cephalometric radiograph.
Table 1 Lateral cephalometric summary of the case
Pre- Post- Pre- Post-
treatment treatment treatment treatment

Skeletal measurements Dentoalveolar measurements
SNA, ° 79 79 U1-NA, mm/ ° +1/15 +8/34
N perp — A, mm -2 < Ul1-PP, ° 105 120
Co-A (effective midfacial 80 80 L1-NB, mm/ ° +3/21 +2/15
length), mm L1-MP, ° 105 30
S © gL Ul-L1,° 143 133
I jpreip = i aiin “ 2 Overbite, mm +3 +3
Co-Gn (effective mandibular 102 111 et mim - B
length), mm

Soft tissue measurements
ANB, ° 0 2

UL-E line, mm 0 -1
Wits, mm -8 =7

LL-Eline, mm +2 +1
Go-Gn/S-N, ° 35 34

Nasolabial angle, ° 80 88
ANS-Me, mm 53 58
Gonial angle, ° 135 135
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Treatment plan

The current early treatment approaches in young,
actively growing individuals with Parry-Romberg
syndrome aim to improve dental and facial appearance
by promoting continued facial growth to reduced the
severity of the deformity in adulthood. One approach is
functional orthopedic therapy to normalize the position
of the mandible horizontally, vertically and trans-
versely. This approach is intended to produce a normal
functional matrix or microenvironment to facilitate
additional mandibular growth and improve dental
appearance.

Treatment progress

A removable orthodontic appliance with posterior
raise bite without clasps or screw was fabricated and
placed. For preparing the appliance, occlusal wax
registration was obtained. The height of the construction
bite was obtained through the clinical observation of
the symmetric distance between the opening and
closing of the patient’s mandible, with wax interposed
between the arches. The appliance was designed with
a resin block interposed between the arches. On the
affected side, the resin block was about 5-6 mm thick
(Fig. 5). It is also necessary to have a resin block on

Fig.5

The first orthodontic appliance.
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Fig. 6

The second set of orthodontic appliance.

the normal side to prevent dental extrusion. The patient
was monitored monthly, and the appliance was
modified by changing the thickness of the layer of
acrylic interposed between dental arches when a lateral
deviation in opening the mouth is detected or changing
the new one with new design for additional purposes.
If necessary, the appliance was ground on to model
grooves for promoting dental eruption and guiding
teeth into a proper position (Fig. 6).

This appliance was worn for 2 months and the
occlusal plane of the mandible was improved but the
anterior crossbite was not corrected. New appliances,
an upper active plate with screw and paddle spring at
#11, 21 and a lower posterior bite block with anterior
screw were inserted. Class III elastic was used by
stretching form lower anterior modified labial bow to
the Adam’s clasps of upper plate. This would help to
correct anterior crossbite. These appliances were worn
for 6 months. The patient underwent the early orthodontic
treatment in a total of 9 months.

Treatment results

Although comparison of facial photographs
taken between pre-treatment (Fig. 1) and post-
treatment (Fig. 7) demonstrated no obvious improve-
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Fig. 7

ment in facial asymmetry and profile, superimposition
of tracings of the pre- and post-treatment lateral
cephalometric radiographs (Fig. 4,10,11) revealed
significant downward and forward growth of the
mandible approximately along the Y-axis. Examination
of the panoramic radiograph taken at age 8 years
(which was after approximately two years after initial
treatment) revealed that the growth of left mandibular
condyle was not improved evidently from the
pre-treatment (Fig. 2 and Fig. 8) and so as to the
postero-anterior cephalometric radiograph (Fig. 3 and
Fig. 9). In summary, the results of treatment were
the correction of occlusal plane level and anterior
crossbite but there was no apparent improvement in
facial esthetics. The patient was followed up every
6 months without retention appliance. Growth was

Fig. 8

Post-treatment panoramic radiograph

Post-treatment facial and intraoral photographs.

monitored by taking radiographs, dental impressions,
and photographs of the face and dentition.

Discussion

In Parry-Romberg syndrome it is quite evident
that puberty stimulates facial growth, but the area
affected by the pathology remains the same size. This
is the reason, from its onset, the pathological process
inhibits growth in a facial region and the wasting
effects become more and more evident as craniofacial
growth progresses.

The main orthodontic objective in these patients
is to limit the skeletal deformity by stimulating mandi-
bular growth. The effect of such orthodontic therapy is
to optimize the balance of the face and symmetric
function of the two hemimandibles.

Posterior bite plate, which stretches the muscles
of the mandible by keeping the teeth apart on the
affected side to correct the asymmetrical growth
pattern, was placed. Thus, the straight mandibular
occlusal plane was maintained, and the condyles
received a different stimulus with respect to growth
and remodeling processes. In Parry-Romberg syndrome,
the appliance requires continuous revision because of
the progressive involution in the affected area. Like all
functional appliances, this tool modified the physio-
logical movements by maintaining a straight mandible
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9-B
Fig. 9 Post-treatment A. Postero-anterior cephalometric radiograph.
B. Tracing of postero-anterior cephalometric radiograph.
10-A 10-B

Fig. 10  Post-treatment A. Lateral cephalometric radiograph.
B. Tracing of lateral cephalometric radiograph.

Fig. 11  Pre-treatment and post-treatment lateral cephalometric superimpositions.
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to correct the skeletal problem. Moreover, an appliance
can be modified to correct some objectives such as
anterior crossbite. For this patient, appliances with
modified labial bow in both arch were used in conjunc-
tion with Class III elastics for correction of anterior
crossbite.

An improvement in a cant of occlusal plane
probably resulted from a combination of orthodontic
and orthopedic mechanics. Acrylic was removed from
the occlusal surfaces of the posterior teeth of the
affected side to allow supra-eruption leading to leveling
a tilt of occlusal plane.

One consideration concerns the duration of the
active period of this disease. Literature on Parry-Romberg
syndrome indicates that the end of the wasting process
occurs at a variable age when the patient is a young
adult.”) In this patient, the early treatment was ended
at 7-year 2-month old but the end of the disease
progression occurs at the termination of craniofacial
growth. Thus, data offers by the monitoring of the
orthodontist, recording the progression of craniofacial
growth and development, should be used to integrate
the clinical findings that help establish the timing for
final reconstruction of her face.

With the pathogenesis of Parry-Romberg syn-
drome used as a guide for reconstructing patients, this
patient may need orthognathic surgery, soft tissue
reconstruction and occlusal rehabilitation therapy in
adulthood. However, we consider that a severity of an
inclination of occlusal plane and mandibular bone
asymmetry of an early-treated patient is less than of an
untreated patient.

Conclusion

This article extends our clinical experience in
early treatment to the young patient with Parry-
Romberg syndrome. The orthodontic therapy directly
aims to improve in anterior crossbite, mandibular
asymmetry by modifying pathologic side. Owing to the
nature of Parry-Romberg syndrome, it is necessary to
make a careful and long-term monitoring of this patient
which will contribute to improvement of the quality of
life of the patient.
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Principles of Distraction Osteogenesis of the Craniofacial Skeleton:
Factors Influencing Treatment Success and Complications from Treatment

Thanarat Thienkosol* Tasanee Wangsrimongkol**

Abstract

Distraction osteogenesis is an alternative technique to conventional osteotomy used for correction of
various craniofacial deformities. Several factors play important roles in treatment such as age of the patient, blood
supply, surgical technique, latency period, rate and rhythm of distraction, magnitude of distraction as well as
device stability and consolidation period. In addition, many recent molecular biology studies may be implemented
to optimize the treatment efficacy. Complications associated with this treatment method have been documented
such as pain, neurovascular damage, impact to condyle, problems related to the distraction device and relapse.
Patient compliance allows closed follow-up so that the problems can be observed and corrected earlier. Therefore,

better satisfactory results can be achieved.

Key words: distraction osteogenesis - factors influencing treatment « complication
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Bone Grafting in Patients with Alveolar Cleft

Chutinart Kuratchatchaval* Montien Manosudprasit**

Abstract

Alveolar bone reconstruction is an essential procedure in patients with alveolar cleft. It provides many
benefits such as restoring the continuity and stability of the maxilla as well as establishing the bony support that is
required for eruption of the tooth at the cleft site. The infant alveolar cleft reconstruction with primary alveolar
bone graft was popular at the early period. However, after the possibilities of midfacial growth disturbances had
been reported, the popularity was then decreased and shifted to the secondary alveolar bone graft. Although the
timing for secondary alveolar bone graft is still controversial, it is usually performed before the eruption of
permanent maxillary canine or incisors when the maxillary growth is nearly completed and less effected. The
success of secondary alveolar bone graft has been reported with a desirable facial profile. For a long-term result,
the amount of retained alveolar bone height seems to be related to the functional loading from either the natural
tooth or an implant in the grafted area. The most common source of alveolar bone graft is an autogenous bone,
principally from the iliac crest which can provide ample amounts of cancellous marrow bone and reduce the
operating time. Nevertheless, introducing other autogenous bony substitutes in the very near future may decrease
the morbidity and complications from the bone harvesting procedure.

Key words: alveolar bone graft «alveolar cleft - cleft lip and palate
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Introduction

Bone grafting of the alveolus is an essential stage
of contemporary treatment in patients with alveolar
cleft. Several purposes and benefits of bone grafting
have been mentioned as it aims to obtain the maxillary
arch continuity, re-establish alveolar bone contour,
stabilize the maxillary segments, provide the bony
support and facilitate tooth eruption at the cleft defect,
create the preconditions for dentition to develop
without any skeletal discrepancy, eliminate oronasal
fistulas, and restore facial symmetry by providing alar
base support and establishing better nasolabial contour.
Additionally, in case the residual dental space is still
presented, it provides available bone with attached soft
tissue for future endosteal implant placement."* These
goals of alveolar cleft management should be the
essential factors in selecting techniques and timing for
treatment.

History and classification of alveolar bone
grafting

The concept of grafting into the alveolar cleft
was introduced in 1901 by Eiselberg.® The first
reported bone graft, using free bone graft technique,
was performed later by Lexer in 1908.©9 Nevertheless,
it was not popular until half a century later when
alveolar bone graft success in both infancy and later
childhood was reported from several European cleft
centers. Early attempts of grafting were done at infancy
after infant orthopedics and primary lip repair with an
aim to prevent alveolar segments collapse. Later
studies showed that midfacial growth inhibition,
retruded maxilla, poor alveolar morphology with
unerupted or unsupported teeth were often found.'?
Bone grafting procedure was then performed in a more
delayed period, usually before an eruption of the
permanent canine, as introduced by Boyne and Sands
in 1972."Y This procedure is described today as
a technique of secondary bone grafting with safe,
predictable and preferable outcomes achieved.®!%!5
It is still widely accepted in the treatment protocol of
many centers and has been established as a gold
standard procedure for alveolar cleft reconstruction
nowadays.1>17

Classification of alveolar bone grafting that was
based on surgical timing and patient age can be
described as follows:

64

1. Primary bone grafting: performed before
palatoplasty, or normally before 2 years of age

2. Secondary bone grafting: performed after
palatal repair, or at an age range between 5-12 years

which is usually in the mixed dentition

3. Early secondary bone grafting: performed
during 2-5 years old or after complete eruption of the
primary teeth

4. Late secondary bone grafting: performed at
more than 12 years of age or after complete eruption of
the permanent teeth

Until now, there are still some controversies
about which method of grafting is the most appropriate
for alveolar cleft reconstruction, especially when
timing and sources of grafting material are concerned.
Although the secondary alveolar cleft grafting seems
to be the most common approach for contemporary
cleft management, the most acceptable method should
be one that fulfills as many goals for alveolar cleft
reconstruction without interfering with dentofacial
development as possible.

Primary bone grafting

This type of grafting is aimed to early stabilize
the maxillary dental arch which subsequently prevent
the transverse collapse of the maxilla, improve arch
form and reduce the inter-arch occlusal discrepancy.
It is expected to decrease the duration of orthodontic
treatment in both mixed and permanent dentition
periods as well as the need for orthognathic surgery.
This is because it reduces the need to perform palatal
expansion, secondary bone grafting, and maxillary
osteotomies to correct cross-bite.!¥ Moreover, this early
grafting also eliminates the nasal liquid regurgitation
from closure of oronasal fistula. It also improves the
oral hygiene especially in preschool and early school
periods as it establishes favorable bony environment
for eruption of the canine.!®?” Primary bone grafting
is alternatively performed during the first year of
infancy at the time of lip repair, separately, or even at
the time of palatal closure."® Generally, narrowing the
alveolar cleft and approximating the alveolar segments
through presurgical infant orthopedics is essential
before performing grafting. After the presurgical infant
orthopedic has already aligned the lateral segments
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until end-to-end maxillary segmental alignment is
achieved, it allows the lip closure to continuously mold
the segments and produces more favorable approxi-
mation. The onlay alveolar graft is then placed to
maintain this relationship. Surgical technique for the
primary grafting procedure is relatively simple with
limited dissection and with no extension onto the palate
or toward the nose. A small rib graft is harvested and
placed through the mucoperiosteal tunnels crossing
the labial surface of the alveolus passively. With this
technique, no bone is placed into the defect and no
dissection is involved in the premaxillary-vomerine
suture. This is believed to reduce the midfacial growth
disturbances.

Although this early grafting was popular in
1950s, it was abandoned in the late 1970s since many
studies reported the adverse effects on midfacial growth
retrusion, poor arch form, poor angulation of teeth and
the premaxilla, and inadequate alveolar bone.®°2D
This may be related to the early studies that involved
operation with extensive hard palatal dissection around
and across the premaxillary-vomerine suture combined
with an inlayed bone graft placement technique, which
might result in unfavorable outcomes.*>?¥ On the
contrary, later reports failed to show any long-term
midfacial growth disturbances®**> and the number of
patients who further required orthognathic surgery at an
adulthood were not increased.®® Nevertheless, most of
these positive reports, which are the minority, usually
emphasized on an isolated component of the deformity,
with the graft being placed into only small and narrow

clefts or the adjacent teeth.*’-2%

Primary grafting,
to date, seems to give inferior outcomes when compared
to later procedure grafting, especially in term of possible

role on maxillary growth disturbances.

An alternative treatment for primary bone grafting
was introduced since Skoog®” described the role of
periosteum for promoting a bone formation in the cleft
site of infancy. Instead of placing autogenous onlay
rib graft across the alveolar cleft, this technique was
intended to promote a new bone in the cleft site as
termed “boneless-bone grafting”. With the concept that
the healthy periosteum over the cleft defect creates
a favorable osteogenic condition, it allows the bone
bridge to form across the cleft site. Early periosteo-
plasty was not widely popular until Millard and Delaire

modified this technique and re-introduced the use of
gingivoalveoloplasty or gingivoperioplasty (GPP) after
the alveolar segments were aligned and approximated
with presurgical infant orthopedic. This technique
has been shown to promote 50 to 100% of bone
formation®'% with 60% elimination of a need for
later secondary bone graft® and no short-term growth
impairment effects.***% Nonetheless, the consistent
reduction of bone grafting and long-term effects on
facial growth, also the role of combined using bone
morphogenetic protein (BMP) to induce bone formation
have to be further evaluated.®”

Secondary bone grafting

The main objectives in secondary bone grafting
are to restore the maxillary continuity and to establish
the bony environment that is suitable for eruption
of tooth adjacent to the cleft site with an autogenous
particulate cancellous bone graft.*?) The surgical
procedure utilizes tissue lining the cleft defect to
construct a nasal floor and to close the nasal side of
the oronasal fistula. The cleft lining is elevated in
a subperiosteal plane, which exposes the bone surface
margins of the cleft. Graft material is then placed and
packed into the cleft defect.

The optimal timing for grafting with this technique
is in a wide range (5-15 years of age), depending on
the purposes of treatment.(!!3839 Early secondary
alveolar grafting (2-5 years of age) is usually advocated
for cases in which the permanent lateral or central
incisor tends to erupt into the cleft site, subsequently
results in malposition or inadequate periodontal support
of these teeth. The benefit from early secondary
alveolar grafting must also be determined by other
factors. These include an existence of missing or
malformed lateral incisor and the possible adverse
effect on the maxillary growth and development from
such early intervention. Generally, the ages of 9 and 11
before eruption of the maxillary canine is recom-
mended as the most appropriate time for alveolar bone
grafting.>*® During this period, mixed dentition
orthodontic treatment brings the maximum benefit of
alveolar bone graft.?>#!4? This is because the canine
can erupt through the grafted bone, allowing it to obtain
healthy bony support and stability.***% Orthodontic
treatment with transverse maxillary expansion is usually
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done before bone grafting operation with consideration
of the degree of maxillary constriction, patient co-
operation, and the desired final occlusion. During this
orthodontic preparation for alveolar bone graft, clinician
must be cautioned not to move the roots into the cleft
site before bone graft, especially when pre-angulated
brackets were used. The objectives of expansion before
graft are to align the maxillary segments and create
favorable arch form, prepare space for tooth eruption
and allow healing in this expanded arch position.
Additionally, it also provides better surgical access in
case of narrow alveolar cleft defect.''*> However,
expansion after alveolar bone graft is also an alternative
approach for wide cleft defect as it minimizes original
cleft width which contributes to final bone graft
success.*® In other words, actual optimal timing and
sequencing of orthodontics and surgical treatment
should be considered on an individual basis. Such
consideration should be taken into account as an
evaluation of the dental development rather than
the chronological age. Most studies used the root
development of the unerupted maxillary canine as
a guide,®164143) while sometimes the remaining
thickness of bone covering the crown in the cleft side
can be indicated.“” The root formation of the per-
manent canine that has been suggested as a timing
indicator for secondary alveolar grafting varies from
one fourth to two thirds complete.!"***> These stages
of root formation also imply the condition of accelerated
or active eruption. Grafting after the canine eruption
obviously results in a lower incidence of successful
graft.*» This may be related to the greater osteogenic
activity in younger patients whereas in the older
patients the greater incidence of poor oral hygiene,
decreased blood supply, or altered oral flora may be
associated.*®

Although a reduction in vertical maxillary growth
after secondary bone grafting has been addressed,*?
the overall facial growth is minimally effected since
most of the maxillary sagittal and transverse growth
are nearly completed by 8-9 years.® Another factor
that favors maxillary growth is the possible capacity of
erupting canine which may generate alveolar bone and
minimize the vertical growth disturbances.*”
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Outcome comparison

Primary bone graft versus Secondary bone
graft

Various methods had been introduced to assess
the success of bone graft.>>*) Generally, the success
of alveolar cleft repair is evaluated from closure of
oronasal fistula, bony continuity or arch stability, presence
of cortical or cancellous bone, adequate amount of
alveolar bone for root coverage, retention of the canine
tooth or lateral incisors, and clinically healthy, non-
inflamed attached gingiva.>>? The success of primary
bone graft, considering on the amount of graft taken
and consolidation across the cleft site, was reported
with approximately 90% of graft incorporation. This
is slightly less than the 95 to 100% achieved from
the secondary alveolar grafts.®® This finding was
attributed to the use of a high cortical-to-cancellous
bone ratio, graft placement as an onlay, and imperfect
graft-host contact in the primary alveolar grafting
procedure. The onlayed rib graft take was reported
with an ability to eliminate the alveolar-nasal commu-
nications. Interestingly, even though the bony bridge
across the defect could be observed from the radiographs,
it did not represent the closure of fistulae nor the
establishment of sufficient continuity of bony nasal
floor.®1039 The secondary alveolar bone graft, on
the contrary, has resulted in appropriate closure of
the oronasal fistulae in almost all cases, thus producing

the successful outcomes.®*46-%

A long-term retrospective study by Dado e al®”
showed the bony continuity in patients who underwent
the primary bone grafting. Similarly, good incorpo-
ration and maturation of the bone after secondary bone
grafting had been reported as well, making it indis-
tinguishable from the surrounding alveolar bone.®*%
Although the graft failure and refistulization that
required further regrafting had rarely been found in
both grafting techniques,®*? the major causes might
come from poor tissue quality, wide cleft defect,
unstable premaxilla, older patients, and poor surgical
technique.***3 The poor tissue quality is the most
common reason for regrafting as it often leads to dehi-
scence of the overlying flap and subsequent graft
extrusion. In case additional graft is needed after
undergone primary bone graft, the volume of bone

required has been shown to be significantly less than
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that associated with the traditional secondary alveolar
bone graft.??

Considering the effect of alveolar graft on the
facial growth, at first, it was concerned that the primary
bone grafting might cause growth disturbance since
it was performed in a patient with much growth
remained.®%°% Later studies, on the other hand, found
no deleterious effect on maxillofacial development.®*+2%
However, recent studies demonstrated that facial
profile was more favorable in patient who had received
secondary bone graft, while flatter profile tendency and
less favorable profile was usually found in patient with
a history of primary bone graft.!”3? Until now, the
conclusion about growth restriction after alveolar bone
grafting is still unclear. Long-term observations of the
result are essential to find out the actual impact of

alveolar grafting on the subsequent facial growth.

Restoring bone in the alveolar cleft from the
crest of the alveolus to the base of the nose early, in
the proper tooth developmental stages, may promote
normal canine or lateral incisor eruption. Although the
primary bone grafting tends to produce less favorable
bone to facilitate erupting teeth and may even inhibit
tooth eruption,®*2!) approximately 57% of spontaneous
canine eruption had been reported.*® With secondary
alveolar bone grafting, spontaneous canine eruption has
been reported with a wider range from 27-98%. 12164143
Most of these studies provided quite consistent findings

(85-98% of spontaneous eruption)®!16:43)

except in
one study“! that was reported only 27% of sponta-
neously erupted teeth. This was attributed to the use of
corticocancellous bone blocks in 50% of their subjects
which provided less osteogenic activity than particulate
marrow cancellous bone as routinely used in secondary
bone grafting.®> Occasionally, some lateral incisors or
canines may need to be surgically exposed or aided in

eruption with orthodontic appliances.

Average root support for both lateral incisors
and canines when evaluated after primary alveolar
grafting was found to be greater than 75%“%*% which
is comparable to 80%©® achieved from secondary
bone grafting. Such acceptable bony coverage in both
techniques lowered the incidence of periodontal defects,
fistulae, and also improved the long-term tooth retention.
Although data on the periodontal condition of children
and adolescents with cleft lip and palate is limited,*?

periodontal benefits from secondary bone grafting
seem to relate to the timing of graft placement as the
erupting tooth appears to stimulate the formation of
the alveolar bone.*> Better clinical results seen in
younger individual, for instance, Bergland et al®
showed that consolidation of the graft and arch form
could eliminate the need for prosthesis in young adults.
Hoppenreijs et al®” and Tan et al®” found no perio-
dontal problems after early secondary bone grafting.
Delaying secondary bone grafting beyond the point of
canine root development had been showed to result in
a significant increased risk of periodontal defects and
fistulae.¢V

Achievement of better long-term arch form by
reducing of the segmental collapse is initially expected
from the primary graft. However, anterior and posterior
crossbite, and also collapse in the canine region had
been observed.?® Most of this arch constriction is
claimed from dental rather than skeletal in origin,
thus reducing the difficulties in later orthodontic
treatment.®®>® Conversely, secondary bone graft, with
an aid of arch expansion by orthodontic appliances
in most cases, usually established a normal and well-
contoured alveolar process even after final stage of
orthodontic treatment.®? Nevertheless, arch collapse,
crossbites and malocclusions were still reported."

Long-term stability of the primary bone grafting
is not currently clarified yet since there are limited
studies to provide adequate data. However, a decreased
vertical height in the anterior maxilla had been reported
as 70% of patients had less than 50% ideal alveolar
bone height after 6 and 9 years of bone grafting.*®
Considering the volume of bone graft postoperatively,
Van Der Meji et al®® used CT to analyze eight unilateral
cleft patients who underwent secondary alveolar cleft
repair. They reported that 31% of the volume of grafted
bone was resorbed after 1 year. Tai er al®® showed that
there was a total average bone volume loss of 43.1% at
approximately 1 year after secondary alveolar cleft
repair. This higher percentage may attribute to eruption
of the canine which causes subsequent volumetric
changes. Another study from Honma et al®® demon-
strated that the mean volume of the bone bridges at
1 year was statistically smaller than that at 3 months,
indicating that the bone formed in the cleft site decreases
with time. The amount of retained alveolar height in
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both primary and secondary osteoplasty seems to be
related to the eruption of teeth through the grafted
bone.®® It is recommended that the reconstructed
alveolar process should be functional loaded to retain
the alveolar bone height whether by orthodontic aids
for tooth eruption through the graft, final orthodontic
closure when there is a missing tooth, or replacement
with an endosseous implant. The longer the interval
between the bone graft and the loading placement,
the greater the likelihood of subsequent bone resorption.
Consequently, functional loading either from the ortho-
dontic tooth movement, natural tooth, or endosseous
implant should be placed in the grafted region soon
after adequate bone formation is confirmed. This
usually occurs no longer than 4 to 6 months after bone
grafting.®>%* Although it has been reported that
3 weeks after graft placement is sufficient to resume
postgrafting orthodontics,!® it is generally recom-
mended that initiation of orthodontic tooth movements
should be performed within 3 months following graft

placement.?*3 Orthodontic or orthopedic movement at
the graft site seems to enhance bone formation as it
may consolidate the bone and improve crestal height.”
Unloading alveolus leads to the alveolar bone height
loss from partial resorption of the graft which may
subsequently require regrafting and decrease the long-

term success rate.(22’62)

According to the consistent desired results and
the achievement of alveolar bone graft objectives as
summarized in Table 1, the secondary alveolar bone
graft seems to be the most appropriate method for an
alveolar cleft reconstruction at present.

Sources of graft materials

Generally, the mechanisms by which bone can
be repaired or regenerated are osteoinduction, osteo-
conduction, and osteogenesis. Osteoinduction is an
ability to stimulate the proliferation and differentiation
of pluripotent mesenchymal stem cells (MSCs) into
bone-forming cells, osteoblasts. The ability to stimulate

Table 1 Comparison of primary and secondary bone graft outcomes

Outcome consideration

Primary bone graft

Secondary bone graft

Closure of oronasal fistula

Early eliminate fistulae but may
provide no bony bridge across the cleft

Proper closure with good bony bridge
across the cleft

Success rate in graft take and consolidation

90% of graft incorporation

95-100% of graft incorporation

Bony continuity

Present

Present with normal bony architecture

Effect on facial growth

May disturb midfacial growth with
flatter profile tendency but still unclear

Less growth disturbance with more
favorable facial profile but still
inconclusive

Facilitate of tooth eruption

May inhibit tooth eruption
Less favorable bone for eruption with
57% of spontaneous canine eruption

85-98% of spontaneous canine
eruption

Amount of alveolar bone for root coverage

> 75% of root coverage

80% of root coverage

Periodontal condition of erupted tooth

Good

Good (if performed before eruption
of tooth in the cleft site)

Arch form

Some arch collapse can be found

Some arch collapse can be found

Retained bone height

Limited studies but bone resorption can
be observed

Some resorption of grafted bone can
be observed, depending on functional
loading and eruptive stage during
grafting
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the attachment, migration, and distribution of vascular
and osteogenic cells within the graft material is defined
as Osteoconduction. Several physical characteristics
can affect the graft osteoconductivity, including porosity,
pore size, and three-dimensional architecture. Conse-
quently, based on these three basic mechanisms, the
most effective graft will most likely be composed of
osteogenic cells and osteoinductive growth factors,
with osteoconductive scaffold.

Until now, type of graft selection is still as con-
troversial as the timing of alveolar bone graft. There
are more consensuses on type rather than site of graft
material. The graft materials that are currently used for
secondary alveolar grafting can be divided into three
main categories: autogenous, allogeneic and alloplastic.
These sources of bone have been studied and compared.
Allogeneic bone graft is significantly less osteogenic
than autogenous bone as it does not contain osteogenic
growth factors and typically acts only as a passive
scaffold for vascular in-growth and bone deposition.
In fact, it may produce several potential problems such
as graft rejection, transmittable diseases, and microbial
contamination. Modern molecular biology and bioen-
gineering techniques have produced materials that have
potent osteoconductive activities. These biosynthetic
bone grafts or alloplastic materials may be used as an
alternative to autogenous and allogeneic bone grafting.
However, to date, autogenous bone is still a gold standard
graft material in clinical practice, especially when
cancellous bone is the only component. The cancellous
or marrow bone gives higher osteoinductive, osteogenic,
and osteoconductive properties than the cortical bone
for it contains more osteoinductive factors and osteo-
progenitor cells with more porosity surfaces that are
suitable for bone deposition. Thus, producing and
supplying immunocompatible bony cells that can fully
integrate with the maxilla are essential for osteo-
genesis.(®>% These properties can be increased by
condensing it in form of particulate marrow cancellous
bone. This may also explain the reason why particulate
bone grafts from whatever sources are preferred over
block corticocancellous grafts. Nevertheless, the donor
site morbidity (pain and infection), limited supply, and
inconsistent osteogenic activity continue to be proble-

matic and must be considered.

Autogenous grafts

To select the sites for bone harvesting, it is
recommended that one should focus on the optimal
physiological and psychological function with minimal
impairment of growth and development of maxillo-
facial complex.“m Furthermore, the size of the cleft
defect which reflects the required volume of harvested
bone, age of the patient, associated morbidity, surgeon’s
experience and preference, and the patient’s desire
should be evaluated and considered as well.

The present usual sites for harvesting autogenous
bone are iliac crest, cranium, chin, and rib. These sites

have their advantages and disadvantages as follows;
Iliac crest

This donor site has been suggested as the gold
standard especially in the large defect or bilateral clefts,
since it is easy to access and provides large and ample
amounts of cancellous marrow bone.!'! Particulate
cancellous bone and marrow grafts were firstly
introduced by Boyne and Sands for secondary alveolar
grafting.('" It offers high quantities of osteogenic
growth factors, osteogenic cells, and provides osteo-
conductive scaffolds that are suitable for postoperative
remodeling.!"*? Tliac donor site can be also harvested
quickly and simultaneously while the recipient site is
being prepared with two team approaches. However,
inadvertent surgical disruption of the cartilaginous cap
overlying the crest should be noted as it may lead to
growth disturbance.®” The major concern is the
postoperative pain that limits walking and may prolong
recovery period. However, the quick recovery has been
showed within a week of surgery.®)

Cranium

Both cortical and cancellous bone can be harvested
from the calvarium in young patients. Clavarial bone
offers the advantages of low morbidity, minimal
postoperative pain, and a hidden scar in hairline.©3”)
Although this source of autogenous bone has been
found to be well incorporated into the cleft defect, it
provides limited cancellous portion and increased
operating time as it is unable to simultaneously prepare
the recipient site and harvest bone at the same time.*®
The success of cranial bone grafts that has been reported
is still inconsistent and further long-term study is

required.®”
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Mandibular symphysis

This donor site is attractive with low morbidity
and satisfying success rate.®” The restriction of operative
field to only intraoral site could decrease postoperative
pain and discomfort, and produce no external scar.
Nevertheless, it does not decrease the operating time as
two teams cannot operate simultaneously. Additionally,
it usually provides limited amount of cancellous bone
especially in the permanent dentition. Therefore, it is
normally suitable for only small or narrow cleft defects
and older children (9-11 years) with adequate formation
of mandibular canines.”’ The reported disadvantage of
this donor site also included an increased percentage of
impacted canines in the cleft site; this may relate to an
increase in cortical content of the harvested bone.®”
Moreover, loss of unerupted permanent teeth, particularly
canines, in the early mixed dentition and injuries to the

adjacent teeth and nerve were also reported.%7%-71

Tibia

Normally, this donor site has been used in ortho-
paedic surgery widely. It provides ease of harvest, less
bleeding, abundant volume of cancellous bone, short
operating time as two-team approach is possible, less
recovery period, and minimal scarring. Ambulation
concerned and the surgical access, though, must be
minimized and modified in children to avoid damage to
the epiphyseal cartilage, which is an important growth
center.’? Until now, there is no long-term study about
potential damage to the epiphysis especially in growing
patients. Thus, it is generally not recommended for
patients less than 18 years due to the concern of epi-
physeal growth plate injury.!" In other words, this
donor site may offer some benefits in late secondary
bone grafting, especially with wide cleft defect.

Rib

This rib is usually advocated as a donor site for
infants as in primary bone graft procedure similar to
the calvarium. However, it is generally not used for
grafting in childhood as it provides limited amount of
cancellous bone and produces postoperative pain and
scar.') Many studies were concerned on the inadequacy
of rib as a graft material for alveolar defect reconstruc-
tion, incomplete incorporation or turnover into alveolar
bone, inadequate bone stock for tooth eruption, risk
of pheumothorax, and little support for the nasal
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base.®1%2D By the mixed dentition stage, rib may not
offer sufficient advantage over iliac bone for alveolar
cleft grafting.®

Third molar region

Other region in the mandible that can be a donor
site is the third molar area. Although it mainly provides
the cancellous bone, the amount of bone is limited. It
has been advocated as an alternative donor site in late
secondary grafting, especially in the young adult with
small alveolar cleft defect.*®

Allogeneic grafts

Allogeneic grafts such as demineralized freeze-
dried bone may form bone by osteoinduction and
osteoconduction mechanisms. Comparison of the rate
and quantity of bone formation between autogenous
grafts and uncalcified freeze-dried allogeneic bone for
alveolar cleft reconstruction had been demonstrated in
the mongrel dog.””® The bone formation in allogeneic
grafts was found delayed and quantitatively insufficient
to support tooth eruption compared with autogenous
grafts. This finding may relate to the lack of osteogenic
property in allogeneic grafts which may cause delayed
bone formation and subsequently result in less bone

volume.

Various extracellular matrix proteins such as
collagen, fibronectin, laminin, and glycosaminoglycans
had been interested as they might be excellent biologic
scaffolds to enhance osteoconductive property. These
proteins can be used as carriers to deliver other osteoin-
ductive factors or even osteogenic cells.*”* Currently,
many researchers are developing methodologies for
using human pluripotent stem cells to repair and
regenerate the bone. These pluripotent stem cells
usually express with a variety of different cell surface
proteins which are highly responsive to osteogenic
growth factors. Nevertheless, similar to other allo-
geneic materials, cellular implants also have several
disadvantages, including possibility of cellular rejection,
batch-to-batch variability, substandard processing
methods, and potential infectious agent contamina-
tion.™¥

Alloplastic grafts

Most of the autogenous bones are usually asso-



J Thai Assoc Orthod Vol 9 2010

Chutinart Kuratchatchaval et al

ciated with problems of donor site morbidity and the
need for general anesthesia. Additionally, some donor
sites need a second surgical site to harvest the bone and
may provide inadequate bone volume. Alloplastic
materials, alternative source for alveolar graft, are
attractive and have advantages on reduction of morbi-
dity from bone harvesting procedure, since no bone
harvesting is necessary. Theoretically, this material
should have biomechanical properties similar to that of
the normal bone to reduce bone loss adjacent to the
graft. It should be nontoxic and biodegradable with
a controllable resorption rate that parallels the rate of
new bone deposition. Numerous synthetic materials
have been evaluated for their osteoconductive potential
such as polymers and ceramics. Nonetheless, the possi-
bility of inducing mild toxicity during degradation, and
the unpredictability of the amount of bone resorption
and bone formation still limit their uses.”"® It is recom-
mended that ceramic material such as hydroxyapatite
should be reserved for the patient whose tooth movement
or eruption will not be necessary. These are, for example,
in the late secondary osteoplasty or in adult patient
with minor alveolar deficiency in which placement of

endosseous implant is not anticipated.!*®)

Other bone graft techniques

According to the different advantages and dis-
advantages among each graft type, some modifications
of traditional grafting technique were introduced to
increase the success in alveolar cleft reconstruction.
In a patient who has a wide cleft defect and requires
late secondary bone grafting for implant placement
with only traditional grafting technique, it is usually
difficult to augment the bony defect to the desired
degree.®®) This is because the long span defect may
affect the survival of osteoprogenitor cells in the center
of the grafted area as revascularization is more likely to
fail, producing a tendency of alveolar bone loss.®*"
This effect is even aggravated by the age of patients as
fewer osteoprogenitor cells are presented in the bone
marrow of older cases. It was found that autogenous
bone carried with alloplastic material such as titanium
mesh could be very useful in this situation, providing
high predictability results.”> This may be due to fact
that titanium mesh increases the osteoconductive

mechanism for new bone regeneration at the center of

the graft and also minimizes the tension from the scar
which leading to pressure atrophy in the grafted bone.
However, as it is not a biodegradable scaffold, a second

surgery for removal is required.

In addition, another adjunctive technique that
may improve the traditional management of alveolar
cleft defect is a Guided Bone Regeneration (GBR)
technique with membrane barriers. This osteopromo-
tive membrane technique has been developed and
successfully applied to regenerate the new bone.
Osteopromotive membrane that are currently used,
including nonresorbable expanded polytetrafluoro-
ethylene (Gore-tex, W.L. Gore, Flagstaff, AZ), a resorbable
mesh, connective tissue grafts (palatal), and a resorbable
film. The membrane has different size of surface
porosity to facilitate bone formation. It may also
interfere with early establishment of an anchoring
linkage between the subsurface of the flap and the bone
surface. It was found that graft incorporation with this
method was improved; indicating the reduction in the
amount of bone required.’® Recent studies also
reported on successful use of the GBR technique in
cleft palate defects and recommended to be used in
combination with traditional secondary alveolar bone
graft.””’® The new bone formation achieved from this
combined technique was found to be greater than that
obtained from autogenous bone graft alone.®
However, failure from membrane exposure and the
difficulty of membrane placement especially in cases with
malaligned maxillary segments had been reported.””

More researches on its usefulness are still required.

Recently, several studies have showed that bony
defects can be reconstructed reliably with recombinant
human bone morphogenetic protein (rhBMP),®%-82)
since it has a potential to induce osteogenesis. Bone
morphogenetic protein (BMP) is a growth factor
belonging to the transforming growth factor- 3 (TGF-8)
superfamily. The most interested types are BMP-2 and
BMP-7 which both can provide excellent osteogenic
activity.’® In large concentrations, the BMP directly
promotes differentiation of pluripotential cells into
bone-forming cells that produce new host bone in
the defect. It is also expected to achieve a remodeling
equilibrium that prevents bone loss through resorption
mechanism.®” Therefore, many studies claimed that it
could induce the new host bone formation with later
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functional stability.®!*? For human clinical applica-
tion, it requires a suitable carrier to prevent rapid protein
diffusion. This allows one to enhance the predictability
and improve bone regeneration, especially in wide cleft
defect, as it can be delivered on an osteoconductive
carrier.®”® For secondary alveolar cleft reconstruction,
it was found that using thBMP-2 in a collagen sponge
carrier could completely fill the cleft gap with sufficient
amount of bone. This newly-formed bone could
integrate with the host bone and establish structurally
sound and biologically viable union similar to parti-
culate marrow cancellous bone.®” This desirable
result may relate to the osteogenic activity of the
rhBMP-2 combine with osteoconductive activity of
the biodegradable collagen scaffolds. A tendency of
mild postoperative swelling was also reported which
may attribute to the properties of hBMP-2 as being an
inflammatory cytokine.®” Further studies to evaluate
the long-term properties of this newly-formed bone are

necessary.

Selection of any graft materials should be based
on the three keys of bone regeneration mechanisms.
To date, autogenous particulate marrow cancellous
bone is still considered to be the gold standard in
alveolar cleft reconstruction from its osteogenic
properties. However, modifications of traditional
grafting techniques and further development of tissue-
engineering implants may offer a new dimension in
restoring alveolar cleft defect in the very near future.
This will reduce the need for autogenous bone graft
and avoid all complications from bone harvesting with
performance characteristics being equal to or possibly
superior to autogenous bone.

Conclusion

Alveolar cleft reconstruction is necessary in
patients with alveolar cleft defects for it provides a
closure of oronasal fistulae, stabilization of the maxilla,
guidance eruption of teeth, maximal esthetics of nose
and lip, and optimal functional rehabilitation. Although
considerable controversies in timing of the bone graft
and sources of graft materials still exist, contemporary
cleft defect reconstruction is usually performed, using
autogenous bone principally harvested from iliac crest,
and placed during the mixed dentition stage before
eruption of either the incisors or canine. Orthodontic
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maxillary expansion is usually incorporated prior to
grafting to increase overall arch circumference and
access for the surgical operation, to provide space for
canine eruption, and to allow healing in this expanded
position. Functional loading at the graft site after cleft
reconstruction either from orthodontic/orthopedic tooth
movement or implant placement is highly recom-
mended. This should be performed as soon as the new
bone is formed, usually within 3 months postopera-
tively. Early movement seems to enhance the bone
formation in this area.

Considering the sources of bone graft, autogenous
particulate marrow cancellous bone is the gold standard
for graft material at present as it combines all three
properties required for bone regeneration. However,
current improvement and revolution on new grafting
materials and techniques may offer benefits and
alternative treatments to reduce complications from
autogenous bone grafts for alveolar cleft management
in the future.

From the available data, the secondary alveolar
bone graft seems to be the most recommended
technique with the abilities to provide appropriate
closure of oronasal fistulae, minimal interferences to
the midfacial growth, and a more desirable profile.
Even though various methods had been introduced to
assess the success of bone graft, however, these methods
are still lacked of universal approval. This makes it
difficult to compare studies with different treatment
protocols or inter-center comparison at present. In
addition, it is essential to realize that most of the
studies in the alveolar cleft grafting are not prospective
and randomized. Selecting and searching for the
procedures, and providing best uncomplicated positive
results with proper duration of treatment time and
long-term stability should be based on the multicenter
studies with prospective and randomized methodology

analyses.
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