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 Frankfort ) 

 -.(  

 Frankfort 

)  -.(  

 

)  -.( 

 Frankfort 

) - .(

  

 

Frankfort )  -.( 
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3-3-5-2- Reference Points and Lines 

]Hamilton 1987, Mavreas 1992, 

Cohlmia 1996, Ikeda 2009[)   . - - (

)  . - (

)   .- (
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Frankfort
  

  

 
FrankfortFH
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Frankfort

  

Frankfort
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1 Po Porion  

2  F Fossa Superior  FH

3  C  Condyle Superior   FH

4  CA  Condyle Anterior   
F 

5  CP Condyle Posterior   
SF 

6  FA  Fossa Anterior  
CA F-

CA 

7  FP Fossa Posterior   
CP F-

CP 

8 HA  Anterior Head of the 
condyle  

9 HP  Posterior Head of the 
condyle  

HA 
FH 

10  AE Articular Eminence 
FH

11 T Tympanic 
FH  

AE  
12 F` F projection F AE T 
13  C`  C projection C HA HP

  

FH Frankfort Horizontal Frankfort   

ASL Articular Slope Line   
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3-3-5-3- Coordination System 

)  ( )  -)  ( - (  

X Horizonal Coordination Axis Frankfort   

Y Vertical Coordination Axis 
) X-axis (Po 
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3-3-5-4- Analysis of Morphological Changes 

    

Visual Inspection Kinzinger 

 ]Kinzinger 2007[ 

 . 

)  .

) -:(  

 Axial section: 

A - elliptical  B - concave/convex   C - ovoid  

 Frontal section : 

A - round     B - convex     C - angulated  

   Sagittal section: 

A - rounded     B - flattened   C -  

  

Kinzinger 2007
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Metric analysis 

]Hamilton 1987, Cohlmia 1996, 

Katsavrias 2002, Kinzinger 2007[ .CBCT FLMGM .

)  . -)  (-  -

 - (  

 

 

OneDemond3D 0.1 

2-D rulers 2-D Tapeline 

 2-D Area .

2-D Angle.  

F "H"  Fossa Height  
 :

F F`  
OneDemond3D / 

Ruler/mm 

F "W"  Fossa Width  
AE T  

OneDemond3D / 
Ruler/mm 

AEI Articular Eminence 
Inclination 

ASL 

FH 

OneDemond3D / 
Angle/degree(°)  

C "H" Condyle Hieght  
C C`  

OneDemond3D / 
Ruler/mm 

C "W"  Condyle Width  
AH PH  

OneDemond3D / 
Ruler/mm 

C "L" Condyle Length  

) 

  

OneDemond3D / 
Ruler/mm 

C "C" Condyle 
circumference    

OneDemond3D / 
Tapeline/mm 

C "A" Condyle Area  
  

OneDemond3D / 
Area/mm2 
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3-3-5-5- Analysis of Positional Change of the Condyle onto Articular Fossa 

 

Ikeda  Kawamura  

linear measurement  

 ]Ikeda 2009[)   . -

 (- (   

) T0 (

)T1(JPEG

Adobe Photoshop CS3 
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3 pixels ) -.( 

Viewbox )-(  .

DigitizeExcel.  

AJS Anterior Joint Space   CA FA  

SJS Superior Joint Space  C F  

PJS Posterior Joint Space  CP FP  
  

  

  

  
Photoshop

  

  
DigitizeViewbox
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 Normative Values

Ikeda Kawamura   

 

)  - (

 ]Ikeda 2009[.  

AJS  1.30.3AJS/AJS = 1.0 
SJS  2.50.5SJS/AJS = 1.9 
PJS  2.10.2PJS/AJS = 1.6 

 

 Joint Space Index (JSI) 

 ]Gianelly 

1988, Cohlmia 1996, [:  

Joint Space Index (JSI) =
(PJS) – (AJS)
(PJS) + (AJS)

× 100 

  

  :

  

  .  :(+)  

  

 ) - .  :(
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3-3-5-6- Analysis of Positional Change of Osseous Articular Structures 

Relative to Cranial Base 

 

FLMGM  

 ]Mavreas 1992, Kinzinger 2007, [ .

)  X,Y)   (X-axis (Frankfort 

) Y-axis (Po ) -.( 

Frankfort 

 ]Chintakanon 2000[. Viewbox 

 

)  .-)  (- (

  

CX C Y  

CY C  X 

FX  F Y  

FY  F X 

AEX  AE Y  

AEY  SF X 
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 ) T0(

 

 ) T1(

) T0 (  

o ) T0)  (T1 (  

o ) T0)  (T1.(  

  

 Total Displacement (TD) 
) T0)  (T1(

FLMGM  )  - .(  

)   d (

) T0)  (T1.(  

(TD) 

)  -)  (- .(  

FLMGM

CX (d)   )   

CY (d)   )   

C "TD"  
Condyle total displacement 

" " = [ ( )] + [ ( )])  -(  

FX (d)    )   

FY (d)    )   

F "TD" 
Fossa total displacement   :

" " = [ ( )] + [ ( )]  

AEX (d)    )   

AEY (d)    )   

AE "TD" 
Eminence total displacement   :

" " = [ ( )] + [ ( )] 
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3-3-6- Statistical Study 

3-3-6-1- Descriptive Statistics  

Minimum Maximum 

Arithmetic Mean Standard Deviation 

T0 ) (T1 )FLMGM(

) T.(  

) T (  

) T = (T1 ) - T0 )  

T = T1 – T0 
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3-3-6-2- Statistical Analyses 

FLMGM  

 .

T0 ) (T1  .( )

) T (

  

Kolmogorov-Smirnov (K-S) Shapiro-Wilk (S-W).  

 

Parametric tests   

o t t 

Paired-Samples T-Test

dependent variables   

o t t 

Independent-Samples T-Test

Independent variables  .

Levene  

 

Non-Parametric tests   

o Wilcoxon Wilcoxon Singed-Rank test 

  

o Mann-Whitney 
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" 

SPSS ()Version 19 ( 

Excel. 

level of significant )p value  0.05 (

p<0.001 )***(p<0.01 )**(p<0.05 )*.(  

 

Pearson 

  

 

Ikeda Kawamura]Ikeda 2009[ 

t One-Sample T-Test   

3-3-6-3- Method Error Calculation 

 )    (

  .  

   .  .

 .  

  

Dahlberg combined method error 

 )ME:(  

=  
n:   
D:   
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Results 
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 - -   
  

)  - (  

) - (

   

12 50% 12 50% 24 100% 
7  41% 10 59% 17 100% 

  

n=1213.33 1.05 11.52 14.82 
n=1213.12 0.83 11.13 14.22 

n=2413.22 0.93 11.13 14.82 
n=712.92 2.06 10.93 15.47 
n=1011.82 2.32 9.15 13.34 

n=1712.51 2.07 9.15 15.47 
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 - -   

4-2-1- Results of Cephalometric Analysis 

  

 
4-2-1-1- Results of Descriptive Statistics 

T0 T1 

) T = T1-T0 .(  

 

:  

 

T0  ( )T1 )  (

unstimulated growth.  

 

T0  ( )T1 )  ± 

FLMGM .  

 )  T (

  

 - 

 -  )(.  
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4-2-1-2- Results of Statistical Analyses: 

Kolmogorov-Smirnov (K-S) Shapiro-Wilk (S-W) .  

) P < 0.05 .() - (

T0 T1 

T.  

    
T0 T1 T T0T1 T 
S-Go S-GoN-Me L1i/ML L1i/ML Co-Gn

U6m/NL U6m/NL L1i/ML N-A-Pg N-A-Pg  
L6m/ML L6m/ML A-Pg^ MP NSL^OL   
LL/E-Line LL/E-Line    

NSL^NLN-S-Ba    
 NSL^NL 
 A-Pg^ MP  
 U1L^NSL  

   
Overjet Overjet U6aX Overjet U6aX L1iX 

 (U6aX) – (AX) Overjet  Molar RelationL6aX 

  (U6aX) – (AX)  (L1iX) – (PgX) (L1iX) – (PgX) 

    (L6aX)  – (PgX) (L6aX)  – (PgX) 

) NS)  (* (P<0.05) ** (P<0.01) *** (

P<0.001.  
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 .

) T0.(  

 ( )  

Pearson ) -.(  

 

  

 t ) -)  ( - (

) -.(  

 Mann-Whitney )   -)  (

 -.(  

) P  0.05 (

)  P > 0.05( 

  

 .

   

 )  S-N-A)   (S-N-Pg(

  

 ) NSL^ML (  

 ) L1L^ ML( 

 (U6aX) – (AX)
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Pearson

     
Pearson Chi-Squarep

 
7 41%  12 50%  

0.452 0.501 NS 

10 59%  12 50%  
  

tT0

T0   T0  Independed-Samples T-Test

 tp 
12.51  2.07  13.22 0.93  0.946 0.372 NS 

  
tT0

T0   T0  Independed-Samples T-
Test

 tp 
S-N65.30 3.67  66.33 3.17  -0.78 0.443 NS 

N-Me 109.57 4.38  108.26 5.14  0.63 0.535 NS 
AO-BO3.18 1.90  4.01 2.70  -0.81 0.425 NS 
Co-Gn101.47 6.65  103.10 4.54  -0.74 0.467 NS 
U1i/NL -26.70 2.82  -27.11 2.01  0.44 0.662 NS 

UL/E-Line 0.01 2.97  1.57 1.94  -1.41 0.175 NS 
S-GoX100 : N-Me 63.66 3.09  64.70 1.96  -0.85 0.407 NS 

N-S-Ba133.76 5.75  133.25 6.74  0.21 0.834 NS 
N-S-Gn73.37 3.16  70.64 3.58  2.05 0.052 NS 

NSL^ML 37.07 3.61  31.45 3.73  3.24 0.005 **  
Ar-Go-Me 127.38 7.30  122.47 5.88  1.89 0.071 NS 

NL^ML 24.81 3.22  23.62 2.85  0.91 0.372 NS 
A-B^NL 75.45 1.96  73.46 4.18  1.55 0.139 NS 
A-Pg^NL 79.04 2.06  77.62 2.94  1.40 0.174 NS 

S-N-A 77.54 3.44  80.67 2.41  -2.78 0.011 *  
S-N-B 71.61 2.32  73.52 2.65  -0.84 0.413 NS 
A-N-B 5.93 1.73  7.15 1.58   -0.40 0.693 NS 
S-N-Pg 72.11 2.44  74.93 2.98  -2.46 0.023 *  

U1L^NSL 102.08 4.03  104.89 4.59  -1.55 0.135 NS 
U1L^NL 113.53 4.05  113.56 4.79  -0.02 0.984 NS 
L1L^ ML 96.20 7.20  103.65 6.30  -2.87 0.008 **  
U1L^L1L 121.99 5.19  118.69 5.67  1.54 0.137 NS 
no-sn-Ls 100.53 13.28  105.94 9.24  -1.07 0.297 NS 

Mann-WhitneyT0
 
T0   T0  Mann-Whitney Test

   Z p 
S-Go67.56 65.56  69.96 70.64  -1.29 0.212 NS 

U6m/NL 20.76 20.59  20.58 20.25  -0.19 0.867 NS 
L6m/ML 28.96 28.30  29.43 29.79  -1.02 0.325 NS 
L1i/ML39.62 39.71  39.02 38.34  -0.63 0.550 NS 

LL/E-Line 0.65 1.04  2.53 2.46  -1.10 0.295 NS 
NSL^NL12.52 14.05  9.96 10.07  -1.80 0.076 NS 
N-A-Pg 192.49 192.76  193.31 192.02  -0.54 0.614 NS 
NSL^OL 23.70 24.14  21.21 19.83  -1.60 0.116 NS 
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tT0
 

T0   T0  Independed-Samples T-
Test

   tp 
U1iX 77.72 4.93  80.19 4.73   -1.33 0.196  NS 
L1iX 70.99 5.74  72.45 5.01  -0.71 0.487 NS 

U6aX 46.64 4.24  50.33 4.04  -2.32 0.029 NS 
L6aX 46.17 4.92  49.38 4.63  -1.74 0.093 NS 
AX 69.53 3.88  71.57 3.51  -1.43 0.166 NS 
PgX 69.07 5.33  71.25 3.91   -1.22 0.234 NS 

Molar Relation 0.47 1.11  0.95 1.75  -0.86 0.399 NS 
(U1iX) – (AX) 8.19 1.79  8.63 1.86  -0.63 0.538 NS 
(U6aX) – (AX) -22.89 1.73  -21.23 1.43  -2.73 0.011 *  
(L1iX) – (PgX) 1.92 3.83  1.20 2.50  0.58 0.564 NS 

(L6aX)  – (PgX) -22.90 3.16  -21.87 2.53  -0.93 0.359 NS 
(AX) – (PgX) 0.46 3.13  0.31 2.50  0.14 0.893 NS 

ULX 87.16 6.04  91.23 4.97  -1.65 0.115 NS 
LLX84.77 6.62  88.23 5.31   -1.30 0.210 NS 
pgX 79.57 6.84  80.97 3.93  -0.58 0.572 NS 

 
Mann-WhitneyT0

T0   T0  Mann-Whitney Test 

   Z p 
Overjet 6.73 5.41   7.74 6.69  -1.068  0.286 NS 
 

 

) T0 ()T1( ) -  -

.( 

   

   

   

  

 ) .(  
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tT0T1 
T0 T1 T   Paired-Samples T-Test

   tp 
S-N65.30 3.67 65.51  3.75 0.21 0.45  0.12 -1.67 0.122 NS 

N-Me 109.57 4.38 110.57 4.56 1.00 1.00  0.30 -3.37 0.010 *  
AO-BO3.18 1.90 3.53 2.29 0.35 1.10  0.39 -0.91 0.388 NS 
Co-Gn101.47  6.65 102.65 6.23 1.18 1.13  0.33 -3.61 0.004 **  
U1i/NL -26.70 2.82 -26.75 2.58 -0.05 0.61  0.17 0.32 0.751 NS 
L1i/ML 39.62 3.36 40.04 3.37 0.42 0.63  0.17 -2.43 0.031 *  

UL/E-Line 0.01 2.97 -0.08 3.22 -0.09 0.69  0.23 0.41 0.690 NS 
S-GoX100 : N-Me 63.66 3.09 63.46 3.21 -0.20 1.12  0.37 0.54 0.606 NS 

N-S-Gn 73.37 3.16 73.82 3.08 0.45 0.95  0.27 -1.65 0.128 NS 
NSL^ML 37.07 3.61 37.22 3.91 0.15 1.40  0.63 -0.24 0.817 NS 

Ar-Go-Me 127.38 7.30 126.82 7.49 -0.56 1.27  0.47 1.21 0.248 NS 
NL^ML 24.81 3.22 24.86 3.80 0.05 1.33  0.67 -0.08 0.940 NS 
A-B^NL 75.45 1.96 74.78 3.06 -0.67 1.85  0.51 1.31 0.216 NS 
S-N-A 77.54 3.44 77.74 3.48 0.20 0.82  0.25 -0.82 0.434 NS 
S-N-B 71.61 2.32 71.44 2.33 -0.16 0.68  0.21 0.78 0.451 NS 
A-N-B 5.93 1.73 6.30 1.93 0.36 0.73  0.25 -1.95 0.080 NS 
S-N-Pg 72.11  2.44 72.08 2.36 -0.03 0.75  0.22 0.15 0.887 NS 
N-A-Pg 192.49 4.13 193.34 5.20 0.85 1.88  0.52 -1.64 0.127 NS 
NSL^OL 23.70 3.42 23.54 3.10 -0.16 1.44  0.40 0.41 0.690 NS 
U1L^NL 113.53 4.05 114.40 4.81 0.87 2.69  0.75 -1.17 0.266 NS 
L1L^ ML 96.20 7.20 96.61 7.54 0.41 1.38  0.38 -1.07 0.307 NS 
U1L^L1L 121.99 5.19 121.09 5.22 -0.90 3.07  0.87 1.03 0.324 NS 
no-sn-Ls 100.53 13.28 103.24 12.06 2.71 5.65  1.88 -1.44 0.188 NS 

 Wilcoxon
T0T1 

T0 T1 T Wilcoxon Singed-Rank Test

Z p 
S-Go67.56 65.56 67.99 65.67 0.43 0.67  -1.49 0.151 NS 

U6m/NL 20.76 20.59 21.34 20.77 0.58 0.57  -2.90 0.002 **  
L6m/ML 28.96 28.30 29.14 28.65 0.18 0.13  -1.43 0.168 NS 
LL/E-Line 0.65 1.04 0.28 0.68 -0.37 -0.31  -1.96 0.055 NS 

N-S-Ba 133.76 132.86 134.54 133.13 0.78 0.93  -1.99 0.048 *  
NSL^NL12.52 14.05 12.69 14.05 0.17 0.20  -0.80 0.455 NS 

A-Pg^ MP 79.04 78.45 78.66 79.24 -0.38 0.41  -0.73 0.497 NS 
U1L^NSL 102.08 100.54 102.77 100.49 0.69 0.26  -0.80 0.465 NS 

 

t
T0T1 

T0 T1 T Paired-Samples T-Test

 tp 
U1iX 77.72 4.93 78.54 5.03 0.82 1.14  0.32 -2.59 0.024 *  
L1iX 70.99 5.74 71.07 5.50 0.08 1.11  0.31 -0.26 0.803 NS 

U6aX 46.64 4.24 47.38 4.03 0.74 0.82  0.23 -3.26 0.007 **  
L6aX 46.17 4.92 46.26 4.49 0.09 1.15  0.32 -0.29 0.780 NS 
AX 69.53 3.88 69.95 3.81 0.42 0.85  0.24 -1.75 0.106 NS 
PgX 69.07 5.33 68.96 4.73 -0.11 1.28  0.35 0.32 0.758 NS 

Molar Relation 0.47 1.11 1.12 1.31 0.65 1.16  0.32 -2.04 0.064 NS 
(U1iX) – (AX) 8.19 1.79 8.60 1.63 0.41 0.93  0.26 -1.58 0.140 NS 
(L1iX) – (PgX) 1.92 3.83 2.11 3.84 0.19 0.79  0.22 -0.87 0.400 NS 

(L6aX)  – (PgX) -22.90 3.16 -22.69 3.18 0.21 1.11  0.31 -0.66 0.523 NS 
(AX) – (PgX) 0.46  3.13 0.99 3.37 0.53 1.33  0.37 -1.42 0.180 NS 

ULX 87.16 6.04 87.94 6.05 0.78 1.02  0.34 2.29 0.052 NS 
LLX84.77 6.62 85.15 5.97 0.38 1.12  0.37 -1.02 0.337 NS 
pgX 79.57 6.84 80.11 5.95 0.54 1.29  0.43 -1.27 0.240 NS 
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 Wilcoxon
T0T1

T0 T1 T Wilcoxon Singed-Rank Test

Zp 
Overjet 6.73 5.41 7.47 5.95 0.74 0.42  -2.27 0.021 *  

(U6aX) – (AX) -22.89 -22.26 -22.56 -21.96 0.33 0.36  -1.43 0.168 NS 

 FLMGM  

) T0 ()T1( ) -  -.( 

  

 

  

 

  

    

   

   

 

  

   

 .( )   

   

   

   

 . 
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t
T0T1 

T0 T1 T Paired-Samples T-Test

 tp 
S-N66.33 3.17 66.71 3.46 0.38 0.78  0.53 -8.03 0.000 ***  

S-Go69.96 5.37 72.98 6.33 3.02 1.87  0.58 -7.34 0.000 *** 
N-Me 108.26 5.14 112.03 6.27 3.77 2.25  0.36 -9.60 0.000 *** 

AO-BO4.01 2.70 1.76 1.49 -2.25 1.82  0.24 2.50 0.027 *  
Co-Gn103.10 4.54 106.61 5.08 3.51 1.37  0.50 -6.06 0.000 *** 

U6m/NL 20.58 1.96 21.42 2.16 0.84 0.85  0.45 -6.89 0.000 *** 
U1i/NL -27.11 2.01 -27.71 2.10 -0.60 0.90  0.52 -6.92 0.000 *** 

L6m/ML 29.43 2.70 30.93 3.04 1.50 0.87  0.53 4.28 0.001 *** 
UL/E-Line 1.57 1.94 -0.26 1.67 -1.83 1.11  0.38 1.14 0.275 NS 
LL/E-Line 2.53 2.29 1.97 2.23 -0.56 1.69  0.51 1.11 0.295 NS 

S-GoX100 : N-Me 64.70 1.96 65.16 2.20 0.46 0.99  0.31 -1.48 0.174 NS 
N-S-Ba 133.25 6.74 133.00 6.32 -0.25 2.41  0.64 0.39 0.702 NS 
N-S-Gn 70.64 3.58 70.60 3.22 -0.04 0.93  0.25 0.14 0.894 NS 
NSL^NL 9.96 3.40 10.14 3.40 0.18 0.62  0.17 -1.10 0.292 NS 
NSL^ML 31.45 3.73 31.81 3.98 0.36 1.11  0.38 -0.95 0.369 NS 

Ar-Go-Me 122.47 5.88 122.88 6.39 0.41 1.48  0.41 -0.99 0.344 NS 
NL^ML 23.62 2.85 23.84 3.12 0.22 0.93  0.23 -1.00 0.335 NS 
A-B^NL 73.46 4.18 78.05 3.14 4.59 2.50  0.69 -6.62 0.000 *** 

A-Pg^NL 77.62 2.94 81.50 2.32 3.88 1.96  0.55 -7.00 0.000 *** 
S-N-A 80.67 2.41 80.32 2.39 -0.35 0.68  0.18 1.98 0.071 NS 
S-N-B 73.52 2.65 75.19 2.06 1.66 1.14  0.38 -5.35 0.001 *** 
A-N-B 7.15 1.58 5.14 1.48 -2.01 0.87   0.25 7.67 0.000 *** 
S-N-Pg 74.93 2.98 76.45 2.35 1.52 0.91  0.26 -5.80 0.000 *** 

U1L^NSL 104.89 4.59 101.43 4.59 -3.46 2.40  0.73 4.72 0.001 *** 
U1L^NL 113.56 4.79 110.44 5.06 -3.12 2.82  0.75 4.14 0.001 *** 
L1L^ ML 103.65 6.30 99.58 5.88 -4.07 4.70  1.26 3.24 0.006 **  
U1L^L1L 118.69 5.67 125.78 6.34 7.09 4.46  1.19 -5.95 0.000 *** 
no-sn-Ls 105.94 9.24 110.07 9.32 4.13 3.45  1.04 -3.98 0.003 **  

 Wilcoxon
T0T1 

T0 T1 T Wilcoxon Singed-Rank Test

Z p 
L1i/ML 39.02 38.34 39.44 38.96 0.42 0.38  -1.16 0.268 NS 
N-A-Pg 193.31 192.02  189.45 187.96 -3.86 -3.65  -3.18 0.000 *** 
NSL^OL 21.21 19.83 20.85 20.65 -0.36 -0.22  -0.47 0.670 NS 

 
t

T0T1 
T0 T1 T   Paired-Samples T-Test

   tp 
U1iX 80.19 4.73 80.20 4.61 0.01  0.92  0.25 -0.03 0.979 NS 
L1iX 72.45 5.01 75.78 5.51 3.33 2.87  0.77 -4.34 0.001 *** 
L6aX 49.38 4.63 52.71 4.55 3.33 3.52  0.94 -3.54 0.004 **  
AX 71.57 3.51 72.05 3.84 0.48 0.83  0.22 -2.16 0.050 NS 
PgX 71.25 3.91 74.58 4.10 3.33 1.87  0.50 -6.67 0.000 **  

Overjet 7.74 3.32 4.42 1.50 -3.32 2.86  0.76 4.35 0.001 *** 
(U1iX) – (AX) 8.63 1.86 8.16 1.82 -0.47 0.88  0.24 2.01 0.066 NS 
(U6aX) – (AX) -21.23 1.43 -23.30 2.01 -2.06 1.68  0.45 4.60 0.000 *** 
(AX) – (PgX) 0.31 2.50 -2.54 2.08 -2.85 1.69  0.45 -6.29 0.000 *** 

ULX 91.23 4.97 91.78 5.10 0.55 1.43  0.43 -1.28 0.228 NS 
LLX88.23 5.31 90.89 5.61 2.66 2.91  0.88 -3.03 0.013 * 
pgX 80.97 3.93 84.81 4.50 3.83 2.70  0.82 -4.70 0.001 *** 
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 Wilcoxon
T0T1 

T0 T1 T   Wilcoxon Singed-Rank Test

  Z p 
U6aX 50.33 50.52 48.75 48.01 -1.58 -1.32  -2.92 0.002 **  

Molar Relation 0.95 0.70 -3.96 -4.84 -4.91 -4.80  -3.05 0.001 *** 
(L1iX) – (PgX) 1.20 1.04 1.20 0.78 0.00 -0.27  -0.35 0.761 NS 

(L6aX)  – (PgX) -21.87 -21.92  -21.87 -21.24 0.00 0.40  -1.48 0.153 NS 
  

 

) T( )-  -.(  

  

  

  

  

  

 ) S-N-Pg, Pgx :(  

 Wits )AO-BO :(  

 ) A-Pg^NL, A-B^NL :(

  

 )  S-N-A :(

  

 ) S-N-B, S-N-Pg :(
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 )  A-N-B, N-A-Pg :(

  

  :

  

 ) U1L^L1L :(  

  :

  

  :

 

t
T

TT  Independed-Samples T-Test

 tp 
S-N0.21 0.45  0.38 0.78  -0.71 0.484 NS 

S-Go0.43 0.96  3.02 1.87  -4.34 0.000 *** 
AO-BO0.35 1.10  -2.25 1.82  4.49 0.000 *** 

U6m/NL 0.58 0.45  0.84 0.85  -0.97 0.343 NS 
U1i/NL-0.05 0.61  -0.60 0.90  1.86 0.076 NS 

L6m/ML0.18 0.37  1.50 0.87  -5.20 0.000  *** 
UL/E-Line -0.09 0.69  -1.83 1.11  4.08 0.001 *** 
LL/E-Line -0.37 0.47  -0.56 1.69  0.36 0.725 NS 

S-GoX100 : N-Me -0.20 1.12  0.46 0.99  -0.79 0.437 NS 
N-S-Ba 0.78 1.44  -0.25 2.41  1.33 0.194 NS 
N-S-Gn 0.45 0.95  -0.04 0.93  1.32 0.201 NS 
NSL^NL0.17 0.67  0.18 0.62  -0.05 0.959 NS 
NSL^ML 0.15 1.40  0.36 1.11  0.23 0.823 NS 

Ar-Go-Me -0.56 1.27  0.41 1.48  -1.17 0.254 NS 
NL^ML 0.05 1.33  0.22 0.93  0.31 0.763 NS 
A-B^NL-0.67 1.85  4.59 2.50  -6.09 0.000 *** 
S-N-A 0.20 0.82  -0.35 0.68  2.34 0.028 * 
S-N-B -0.16 0.68  1.66 1.14  -5.75 0.000 *** 
A-N-B 0.36 0.73  -2.01 0.87  7.40 0.000 *** 
S-N-Pg -0.03 0.75  1.52 0.91  -5.06 0.000 *** 
N-A-Pg 0.85 1.88  -3.86 1.76  6.60 0.000 *** 
NSL^OL -0.16 1.44  -0.36 1.65  0.32 0.750 NS 

U1L^NSL 0.69 2.71  -3.46 2.40  4.07 0.000 *** 
U1L^NL 0.87 2.69  -3.12 2.82  3.75 0.001 *** 
L1L^ ML 0.41 1.38  -4.07 4.70  3.41 0.004 ** 
U1L^L1L -0.90 3.07  7.09 4.46  -5.57 0.000 *** 
no-sn-Ls 2.71 5.65  4.13 3.45  -0.70 0.496 NS 
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Mann-Whitney
T

TT  Mann-Whitney Test

 Z p 
N-Me 1.00 1.18  3.77 3.52  -3.45 0.000 *** 
Co-Gn1.18 1.19  3.51 3.09  -3.86 0.000 *** 
L1i/ML0.42 0.28  0.42 0.38  -0.05 0.981 NS 

A-Pg^ NL-0.38 0.41  3.88 3.48  -4.08 0.000 *** 
 

t
T 

TT  Independed-Samples T-
Test

 tp 
U1iX0.82 1.14  0.01 0.92  2.05 0.051 NS 
AX 0.41 0.85  0.48 0.83  -0.21 0.839 NS 
PgX -0.11 1.28  3.33 1.87  -5.54 0.000 *** 

Molar Relation 0.65 1.16  -4.91 3.46  5.51 0.000 *** 
(U1iX) – (AX) 0.41 0.93  -0.47 0.88  2.53 0.018 * 
(AX) – (PgX) 0.52 1.33  -2.85 1.69  5.73 0.000 *** 

ULX 0.78 1.02  0.55  1.43  0.39 0.699 NS 
LLX 0.38 1.12  2.66 2.91  -2.39 0.032 * 
pgX 0.54 1.29  3.83 2.70  -3.57 0.003 ** 

Mann-Whitney
T

T
  

T  Mann-Whitney Test

   Z p 
L1iX 0.08 0.23  3.33 2.14  -3.64 0.000 *** 

U6aX 0.74 0.60  -1.58 -1.32  -3.83 0.000 *** 
L6aX 0.09 0.13  3.33 3.23  -3.74 0.000 *** 

Overjet 0.74 0.42  -3.32 -2.10  -4.32 0.000 *** 
(U6aX) – (AX) 0.33 0.36  -2.06 -2.27  -3.59 0.000 *** 
(L1iX) – (PgX) 0.19 -0.04  0.00 -0.27  -1.02 0.325 NS 

(L6aX)  – (PgX) 0.20 0.01  0.00 0.40  -0.73 0.488 NS 
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FLMGM

4-2-2- Net Effects of FLMGM 

 

 .  

 

FLMGM 

FLMGM )net effects (effective  FLMGM.  

   

 +  =   

 = FLMGM  +   

FLMGM     

FLMGM  =  -   

FLMGM 

) - () -)  (

 - (  

4-2-2-1- Skeletal Effects 

 )  )  ( 

  

 

)  -.(°  

   

o )  

Go.  
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o   

 - S-N-B ) (°S-N-Pg )(°  

 - Pg )  (  

 

 

o Wits )  

o A-B^NL )  (°A-Pg^NL ) (° 

o ANB )(° 

o N-A-Pg )(° 

o [(AX) – (PgX)] )  .( 

4-2-2-2- Dento-alveolar Effects 

 )  .(  

 )  )  ( 

  

 )  )  ( .(  

 )  (°) .(° 

 ) .(° 

4-2-2-3- Soft Tissue Effects 

 )  .(  

 ) )  ( ( 

)  ( 

FLMGM   
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FLMGM

FLMGM 
 

S-N0.21 NS  0.38 ***   0.17 NS 
S-Go0.43 NS  3.02 ***  2.59 *** 
N-Me1.00 *   3.77 ***  2.77 *** 

AO-BO0.35 NS  -2.25 *   -2.60 *** 
Co-Gn1.18 **   3.51 ***  2.33 *** 

U6m/NL 0.58 **   0.84 ***  0.26 NS 
U1i/NL-0.05 NS  -0.60 ***  -0.55 NS 

L6m/ML 0.18 NS  1.50 ***  1.32 *** 
L1i/ML 0.42 *  0.42 NS  0.00 NS 

UL/E-Line -0.09 NS  -1.83 NS  -1.74 *** 
LL/E-Line -0.37 NS  -0.56 NS  -0.19 NS 

S-GoX100 : N-Me -0.20 NS  0.46 NS  0.66 NS 
N-S-Ba 0.78 *   -0.25 NS  -1.03 NS 
N-S-Gn 0.45 NS  -0.04 NS  -0.49 NS 
NSL^NL0.17 NS  0.18 NS  0.01 NS 
NSL^ML 0.15 NS  0.36 NS  0.21 NS 

Ar-Go-Me -0.56 NS  0.41 NS  0.97  NS 
NL^ML 0.05  NS  0.22 NS  0.17 NS 
A-B^NL -0.67 NS  4.59 ***  5.26 *** 
A-Pg^NL-0.38 NS  3.88 ***  4.26 *** 

S-N-A 0.20 NS  -0.35  NS  -0.55 * 
S-N-B -0.16 NS  1.66 ***  1.82 *** 
A-N-B0.36 NS  -2.01 ***  -2.37 *** 
S-N-Pg -0.03 NS  1.52 ***  1.55 *** 
N-A-Pg 0.85 NS  -3.86 ***  -4.71  *** 
NSL^OL-0.16 NS  -0.36 NS  -0.2 NS 

U1L^NSL 0.69 NS  -3.46 ***  -4.15 *** 
U1L^NL 0.87 NS  -3.12 ***  -3.99 *** 
L1L^ ML 0.41 NS  -4.07 **   -4.48 ** 
U1L^L1L -0.90 NS  7.09 ***  7.99 *** 
no-sn-Ls 2.71 NS  4.13 **   1.42 NS 

  

FLMGM

FLMGM 
p p p 

U1iX 0.82 *   0.01 NS  -0.81 NS 
L1iX 0.08 NS  3.33 ***  3.25 *** 

U6aX 0.74 **   -1.58 **   -2.32 *** 
L6aX 0.09 NS  3.33 **   3.24 ***  
AX 0.42 NS  0.48 NS  0.06 NS 
PgX -0.11 NS  3.33 **   3.44 *** 

Overjet 0.74 *   -3.32 ***  -4.06 *** 
Molar Relation 0.65 NS  -4.91 ***  -5.56 *** 

(U1iX) – (AX) 0.41 NS  -0.47 NS  -0.88 ***  
(U6aX) – (AX) 0.33 NS  -2.06 ***  -2.39 *** 
(L1iX) – (PgX) 0.19 NS  0.00 NS  -0.19 NS 

(L6aX)  – (PgX) 0.21 NS  0.00 NS  -0.21 NS 
(AX) – (PgX) 0.53 NS  -2.85 ***  -3.38 *** 

ULX 0.78 NS  0.55 NS  -0.23 NS 
LLX0.38 NS  2.66 *  2.28 * 
pgX 0.54 NS  3.83 ***  3.29 ** 
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4-2-2-4- Contribution of Skeletal and Dental Changes to Correction 

FLMGM

 

 .  

)   -  (

 ( )  (%) 

 .  

 A) AX.(  

 Pg) Pgx.(  

 

(U1iX) – (AX) (U6aX) – (AX)  

 

(L1iX) – (PgX) (L6aX) – (PgX)   

)  - - - (
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4-3-1- Results of Morphological Changes Analysis 
   

   

4-3-1-1- Results of Visual Inspection  

) T0 (

)T1 (FLMGM.( )  .  

)   - (

) T0)  (T1 (  .  

 T0 

T1 . 

Wilcoxon Wilcoxon Signed Ranks Test.  

)   - (

Wilcoxon   

 :  

 )  :  (% - .  

 )  :  (%  

  : .%  
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T0T1
T0 T1 

A B  A  A C A 
B B A B B A 
B B A B B A 
A B A A C A 
A B A A B A 
B B A C  B A 
A B A A B A 
A B A B  B A 
B B A B B A 
A B A A B A 
A C A A C A 
B C A B C A 
B A  A C  A A 
B B A C  C A 
B C A B B A 
B B C B B A 
C C B C C B 
C  C B C C  B 
B A  A B A A 

A B C

 
  

  

T0T1

A B C A B C A B C 
T0  7  10 2 2  12 5 16 2 1 

 36 53 11  11 63 26 84 11 5 
T1  6 8 5 2 10 7 17 2 0 

 32 42  26 11 53 37 89 11 0  
T

 -1  -2 +3 0  -2 +2 +1 0  -1 
 -4 -11 +15  0 -10 +11 +5 0 -5 

Wilcoxon 
Signed Ranks 

Test

Z -2.00 -1.00 -1.00 
P0.125 0.625 1.000 

 NS NS NS 
  

  

  FLMGM    

 )  )  ( )  (  %

 .  

 )  )  ( )  (  (  %
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o   

  

o )  :

)  T0 

T1.(  

o )    

T0 T1.(  

o )  : T0

 T1.(  

)   - (

) P > 0.05.(  

  

4-3-1-2- Results of Metric Analysis 

)  T0)   (T1 .  (

  

)  - (

) T0)  (T1.(   

Kolmogorov-Smirnov (K-S) Shapiro-Wilk (S-W))   . - (

(K-S) (S-W).  )P > 0.05.(  
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T0T1
p value
T0 T1 

K-S S-W K-S S-W 
F "H"4.61 9.42 7.05 1.29 0.200 0.969  4.80 9.80 7.20 1.31 0.140 0.720 
F "W"13.56 20.58 16.41 2.01 0.200 0.596  14.00 20.20 16.88 1.76 0.200 0.586 

AEI 38.20 80.90 62.52 11.33 0.200 0.291  36.90 82.20 58.53 9.97 0.200 0.782 
C "H" 1.58 4.80 2.98 0.91 0.200 0.597  2.20 4.70 3.08 0.74 0.200 0.274 
C "W"5.39 9.80 7.17 1.16 0.200 0.785  5.90 9.95 7.51 1.27 0.200 0.252 
C "L" 14.85 21.67 17.49 2.16 0.176 0.056  14.90 23.20 17.73 2.46 0.131 0.157 
C "C" 37.82 51.34 42.99 4.55 0.088 0.118  37.67 50.28 42.36 3.41 0.108 0.370 

C "A" 88.12 159.90 108.39 17.62 0.200 0.223  89.78 160.53 112.41 19.48 0.076 0.105 

  

 

T0 T1 .

 t 

)  -.( 

T
t

T0T1
T0 T1 TPaired-Samples T-Test

 tp 
F "H" 7.05 1.29 7.20 1.31 0.15 0.36  0.08 1.81 0.088 NS  
F "W"16.41 2.01 16.88 1.76 0.46 0.85  0.19 2.38 0.028 * 

AEI 62.52 11.33 58.53 9.97 -3.99 6.29  1.44 -2.77 0.013 ** 
C "H"2.98 0.91 3.08 0.74 0.10 0.59  0.14 0.76 0.460 NS  
C "W"7.17 1.16 7.51 1.27 0.35 0.43  0.10 3.46 0.003 *** 
C "L" 17.49 2.16 17.73 2.46 0.25 0.71  0.16 1.51 0.149 NS  
C "C" 42.99 4.55 42.36 3.41 0.33 1.16   0.28 1.16 0.264 NS  
C "A" 108.39 17.62  112.41 19.48 5.74 7.58  1.84 3.12 0.007 **  

  

     

  

C "W" +) ± (F "W" +) ± .( 

 C "A"  +)  ± ( 

  AEI )- ° ±.(  
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4-3-2- Results of Positional Changes Analysis 
  

4-3-2-1- Results of Positional Change Analysis of the Condyle onto Articular 

Fossa 

)  - (

 .  SJS )  

PJS )  (AJS )  .(  

]Ikeda 2009[ 

t One-Sample T-Test ).(  

 )  )  (  (

)   )  ( 

.(     

 

SJS/AJS) )  (.(  

 

PJS/AJS)   (

).( 

  

 (JSI) 
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)  - (

) T0)  (T1 :  (  

 PJS ) ±  (AJS ) 

± ( ) -( 

   JSI ) % ± .(  

  PJS ) ±  (AJS 

) ± ( 

)-  JSI )- % ± .( 

 

T0
T1

T0 T1 

K-S S-W K-S S-W 
AJS1.00 3.50 2.07 0.66 0.138 0.448  1.10 3.80 2.19 0.73 0.200 0.485 

SJS 1.50 4.80 3.37 0.83 0.200 0.500  2.40 5.10 3.56 0.78 0.200 0.422 

PJS 1.20 5.30 2.27 1.07  0.012 0.004  0.70 4.10 2.14 1.05 0.050 0.080 

JSI-42.86 68.25 1.77 31.04 0.149 0.317  -62.79 49.09 -3.56 33.29 0.200 0.678 
  

  

(K-S) (S-W) ) PJS (

) P < 0.05) ( -.(  

 

T0 T1 . 

  

 t ) -.(  

 Wilcoxon ) - .( 
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T
tT0T1

T0 T1 TPaired-Samples T-Test

 tp 
AJS2.07 0.66 2.19 0.73 0.13 0.47  0.11 1.18 0.253  NS  
SJS 3.37 0.83 3.56 0.78 0.19 1.15  0.26 0.72 0.482 NS  
JSI1.77 31.04 -3.56 33.29 -5.33 31.01  7.11 -0.75 0.463 NS  

  

  

T
 WilcoxonT0T1

T0 T1 TWilcoxon Singed-Rank Test

Z p 
PJS2.27 1.80 2.14 2.00 -0.13 -0.50  0.981 0.326 NS  

  

  

)  .

JSI  )  (%JSI   (%

 JSI )-  (%FLMGM 
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4-3-2-2- Results of Positional Change Analysis of Osseous Articular 

Structures Relative to Cranial Base 

FLMGM  .   

)   - (

) T0)  (T1 .(  

(K-S) (S-W)  )-.(  

T0
T1

T0 T1 

K-S S-W K-S S-W 
Cx 5.60 13.30 9.22 2.21 0.200 0.776  6.40 13.10 9.26 2.09 0.200 0.917 

Cy -0.10 5.20 2.06 1.48 0.111 0.250  0.40 7.20 2.26 1.79 0.066 0.178 

Fx 6.30 13.80 9.57 2.19 0.200 0.394  5.10 14.60 9.69 2.32 0.200 0.674 

Fy -2.30 1.80 -0.87 1.13 0.200 0.135  -2.10 3.10 -0.83 1.36 0.200 0.198 

AEx 12.60 22.70 16.89 2.61 0.157 0.263  14.60 22.70 17.42 2.25 0.200 0.500 

AEy 1.70 8.00 5.19 1.72 0.200 0.765  2.10 8.70 5.36 1.88 0.200 0.773 
  

  

 

T0 T1 . 

 t 

)  -.(  

)    .(  
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AEx 

)  ( ) ± .(  

)  -)  ( - (

FLMGM.  

T
t-testT0T1

T0 T1 TPaired-Samples T-Test

 tp 
Cx9.22 2.21 9.26 2.09 0.04 0.98  0.23 0.19 0.854 NS  
Cy 2.06 1.48 2.26 1.79 0.19 1.07  0.25 0.79 0.438 NS  
Fx 9.57 2.19 9.69 2.32 0.12 0.70  0.16 0.72 0.482 NS  
Fy -0.87 1.13 -0.83 1.36  0.04 0.42  0.10 0.43 0.670 NS 

AEx 16.89 2.61 17.42 2.25 0.53 1.02  0.23 2.25 0.037 * 
AEy 5.19 1.72 5.36 1.88 0.17 0.37  0.09 2.02 0.058 NS  

  

C "TD"1.20 0.80 2.69 0.20 
F "TD"0.67 0.47 1.63 0.10 

AE "TD"0.95 0.74 3.14 0.10 
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5-1-1- Study Design 

 

]Cozza 2006[. 

case reports 

 ]Colle  2000[. 

 

)-( ]Thiruvenkatachari 2009[ 

 ]Colle  2000[.  

hierarchy of evidenceCollett 2000, Cozza 2006, 
Thiruvenkatachari 2009

 

Meta Analysis   

Randomized Clinical Trial (RCT)  

–Prospective - Controlled Clinical Trial  

–Retrospective - Controlled Clinical Trial /  

-   

Case Report 

  

  

 ]Dawson 2004[. RCTs 

 

]Colle  2000, Dawson 2004, [ 

 ]Cozza 2006[   
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.( )   

Cozza -  " "  

RCT )

 (CCT   ( )

) 

 .

 ]Cozza 2006[.  

 ]Dawson 2004[. 

 ]Dawson 2004[. 

 .

  ]Colle  2000[.  

 FLMGM 

 

 ]Al-ali 2012[. 

 ]Colle  2000[. 
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FLMGM 

 ]Al-ali 2012[.  

 .

) -(

Gold standerd 

 ]Dawson 2004[.  

  

5-1-2- Power of the Study 
) n1=24 (

)n2=17)  (1 – 2 (   

)  ( ) ]Cozza 2006, Stahl 2008, [ (

)  ( ]Bland 1995[:  

  

) f=13.8( ) =0.90 (

)P<0.01.(  

) P<0.01 ( % 
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5-1-3- Evaluation of Patient Insertion criteria and Treatment Method 

) A-N-B>4° S-N-B<75° (

 .

  

Solow 

 ]Solow 1966[ .Solow Segner Hasund 

)-    

 harmony box 

 ]Segner 1994, Segner 1989, Segner 1998[.  

 .

harmony scheme 

  ]Sevilla-Naranjilla 2009[.  

)  -)  .(S-N-A, ML-

NSL, N-S-Ba, NL-NSL (S-N-B 

 

 .  
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 ]Shell 2003, Pro t 1992, [. 

 ]Tweed 1944, Bass 1987a, Shell 2003, Pancherz 2004, Ruf 2004, [. 
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U3CW 37.0 38.4 1.4 
L MdRH 45.4 49.2 3.8  U3RW 23.6 24.8 1.2 
R GoA 131.8 134.7 2.9  U3WR 1.6 1.6 0.0 
L GoA 131.5 133.9 2.4  L3CW 29.8 28.6 -1.2 

 

MxBW 69.6 69.6 0.0  L3RW 20.4 22.9 2.5 
MdBW 81.3 82.2 0.9  L3 WR 1.5 1.3 -0.2 

     U6CW 52.0 55.0 3.0 
     U6RW 52.0 55.2 3.2 
     U6WR 1.0 1.0 0.0 
     U6MxWR 0.8 0.8 0.0 
     L6CW 46.8 47.3 0.5 
     L6RW 55.3 56.9 1.6 
     L6WR 0.9 0.8 -0.1 
     L6MdWR 0.6  0.6 0.0 
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SCANORA® 3D 

ManufactureSOREDEX, Tuusula, Finland, www.soredex.com, info@soredex.com

X-Ray BeamCone Beam 
Detector Flat Panel Detector

Scan Time 
FOV 

Voxel  
Current1 ~ 8 mA 

Voltage60 ~ 90 kVp 
Recon. Time 

Focal Spot

Dimensions

  
  

OnDemond3DAppa
CPUIntel Pentium 4 or compatible. (P4 2.4GHz or above is recommended) 

Memory512MB RAM (1GB or above is recommended)

Video-card1024x768, 24bpp (1280x1024, 32bpp or above is recommended)

OSMicrosoft Windows 2000 (SP4) / Windows XP (SP1)
  

InVivo5 Dental
CPUIntel Pentium 3. (Intel CoreDuo 2.4GHz is recommended) 

Memory2GB RAM (4GB is recommended)

Video-cardNVIDIAGeForce 9800GT -512MB (NVIDIAGeForce GTX 285 -1GB is 
recommended)

OSMicrosoft Windows XP is recommended
  

  

ModelHP Pavilion dv6700 Notebook PC 
ProcessorIntel(R) Core(TM)2 Due CPU T7700

Memory2046 MB RAM

System Type32-bit OS 
HDD250 GB 

Video-cardNVIDIA GeForce 8400M GS, 1024x800, 32bpp

OSMicrosoft Windows Vista Home Premium copyright 2006
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T0 T1 

S-N57.90 73.21 65.30  3.67 57.60 73.47 65.51 3.75 
S-Go60.86 82.53 67.56 6.12 62.77 81.86 67.99 5.81 
N-Me 104.14 116.02 109.57 4.38 104.30 117.27 110.57 4.56 

AO-BO1.32 6.88 3.18 1.90 0.68 6.65 3.53 2.29 
Co-Gn92.61 115.03 101.47 6.65 93.79 114.14 102.65 6.23 

U6m/NL 17.77 27.77 20.76 2.68 18.94 27.89 21.34 2.47 
U1i/NL -31.13 -22.46 -26.70 2.82 -30.31 -22.52 -26.75 2.58 

L6m/ML 26.49 33.19 28.96 2.08 26.62 33.83 29.14 2.05 
L1i/ML 34.30 47.11 39.62 3.36 35.16 46.90 40.04 3.37 

UL/E-Line -4.67 4.54 0.01  2.97 -4.76 5.24 -0.08 3.22 
LL/E-Line -7.85 3.10 0.65 3.42 -7.35 2.87 0.28 3.14 

S-GoX100 : N-Me 60.92 69.53 63.66 3.09 60.40 68.98 63.46 3.21 
N-S-Ba 125.04 148.17 133.76 5.75 126.01 151.60 134.54 6.18 
N-S-Gn 67.54 77.75 73.37 3.16 68.32 77.94 73.82 3.08 
NSL^NL 4.75 15.51 12.52 3.22 4.27 15.34 12.69 3.28 
NSL^ML 29.26 40.95 37.07 3.61 29.94 43.15 37.22 3.91 

Ar-Go-Me 116.65 140.40 127.38 7.30 115.19 140.41 126.82 7.49 
NL^ML 20.03 29.70 24.81 3.22 19.80 30.77 24.86 3.80 
A-B^NL 72.11 78.08 75.45 1.96 67.90 78.69 74.78 3.06 
A-Pg^NL 75.52 82.45 79.04 2.06 74.10 83.27 78.66 2.57 

S-N-A71.28 82.45 77.54 3.44 71.82 82.45 77.74 3.48 
S-N-B 68.22 74.70 71.61 2.32 68.34 74.70 71.44 2.33 
A-N-B3.06 8.45 5.93 1.73 3.47 9.62 6.30 1.93 
S-N-Pg 67.80 75.60 72.11 2.44 68.43 75.60  72.08 2.36 
N-A-Pg 187.46 201.57 192.49 4.13 186.54 204.61 193.34 5.20 
NSL^OL 18.40 30.36 23.70 3.42 18.64 27.41 23.54 3.10 

U1L^NSL 96.24 108.77 102.08 4.03 96.46 112.17 102.77 5.41 
U1L^NL 106.24 121.27 113.53 4.05 108.61 125.40 114.40 4.81 
L1L^ ML 86.88 109.53 96.20 7.20 86.96 111.32 96.61 7.54 
U1L^L1L 109.31 128.89 121.99 5.19 109.95 128.72 121.09 5.22 
no-sn-Ls 75.67 119.33 100.53 13.28 83.11 118.66 103.24 12.06 

T0T1 

U1iX 68.44 84.63 77.72 4.93   69.29 87.80 78.54 5.03 
L1iX 60.09 78.47 70.99 5.74   60.51 77.12 71.07 5.50 

U6aX 39.09 53.82 46.64 4.24   40.33 53.19 47.38 4.03 
L6aX 38.12 53.96 46.17 4.92   38.72 53.42 46.26 4.49 
AX 63.15 76.19 69.53 3.88   63.26 77.45 69.95 3.81 
PgX 61.84 81.40 69.07 5.33   63.08 80.99 68.96 4.73 

Overjet 3.73 12.26 6.73 2.76   4.59 13.55 7.47 3.02 
Molar Relation -1.56 2.84 0.47 1.11   -1.23 3.30 1.12 1.31 

(U1iX) – (AX) 5.29 10.61 8.19 1.79   6.04 10.64 8.60 1.63 
(U6aX) – (AX) -25.99 -20.46 -22.89 1.73   -25.10 -20.39 -22.56 1.65 
(L1iX) – (PgX) -4.20 8.82 1.92 3.83   -3.87 8.78 2.11 3.84 

(L6aX)  – (PgX) -27.44 -15.33 -22.90 3.16   -27.57 -15.32 -22.69 3.18 
(AX) – (PgX) -6.11 5.36 0.46 3.13   -7.24 5.98 0.99 3.37 

ULX 76.22 96.41 87.16 6.04   76.35 97.92 87.94 6.05 
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LLX75.71 93.74 84.77 6.62   75.56 92.62 85.15 5.97 
pgX 70.42 91.90 79.57 6.84   72.54 91.13 80.11 5.95 

  

T0 T1 

S-N61.00 72.30 66.33 3.17   60.90 72.30 66.71 3.46 
S-Go60.70 79.31 69.96 5.37   62.45 85.27 72.98 6.33 
N-Me 100.95 117.43 108.26 5.14   103.80 125.37 112.03 6.27 

AO-BO0.53 9.89 4.01 2.70   0.02 4.62 1.76 1.49 
Co-Gn97.09 111.00 103.10 4.54   100.45 115.57 106.61 5.08 

U6m/NL 17.45 25.00 20.58  1.96   18.81 27.14 21.42 2.16 
U1i/NL -30.07 -23.68 -27.11 2.01   -31.65 -23.91 -27.71 2.10 

L6m/ML 22.51 33.64 29.43 2.70   23.63 35.46 30.93 3.04 
L1i/ML 35.59 45.89 39.02 3.17   35.89 45.88 39.44 2.75 

UL/E-Line -2.64 5.10 1.57 1.94   -3.04 2.18 -0.26 1.67 
LL/E-Line-2.11 6.20 2.53 2.29   -0.92 7.30 1.97 2.23 

S-GoX100 : N-Me 61.69 67.62 64.70 1.96   62.40 68.01 65.16 2.20 
N-S-Ba 121.94 151.60 133.25 6.74   121.01 148.80 133.00 6.32 
N-S-Gn 65.10 76.89 70.64 3.58   65.98 76.38 70.60 3.22 
NSL^NL3.54 16.01 9.96 3.40   4.01 15.96 10.14 3.40 
NSL^ML 25.55 35.99 31.45 3.73   25.00 36.42 31.81 3.98 

Ar-Go-Me 112.75 131.54 122.47 5.88   113.21 133.70 122.88 6.39 
NL^ML 19.11 27.81 23.62 2.85   19.61 29.26 23.84 3.12 
A-B^NL 66.31 79.07 73.46 4.18   70.86 81.25 78.05 3.14 
A-Pg^NL 71.44 81.81 77.62 2.94   76.00 84.75 81.50 2.32 

S-N-A76.56 84.06 80.67 2.41   77.39 84.33 80.32 2.39 
S-N-B 68.48 76.93 73.52 2.65   71.73 78.13 75.19 2.06 
A-N-B 4.85 9.62 7.15 1.58   3.56 7.51 5.14 1.48 
S-N-Pg 69.60 80.12 74.93 2.98   72.46 80.70 76.45 2.35 
N-A-Pg 188.77 200.33 193.31 3.70   185.55 196.68 189.45 3.66 
NSL^OL 17.10 29.35 21.21 3.95   15.87 25.93 20.85 3.31 

U1L^NSL 96.64 112.05 104.89 4.59   91.84 107.25 101.43 4.59 
U1L^NL 107.19 122.72 113.56 4.79   97.23 117.02 110.44 5.06 
L1L^ ML 93.41 115.34 103.65 6.30   90.77 108.54 99.58 5.88 
U1L^L1L 108.07 126.65 118.69 5.67   112.85 134.62 125.78 6.34 
no-sn-Ls 90.97 121.25 105.94 9.24   96.67 121.84 110.07 9.32 

T0 T1 

U1iX 72.41 91.66 80.19 4.73   72.55 90.57 80.20 4.61 
L1iX 65.96 84.06 72.45 5.01   66.79 88.47 75.78 5.51 

U6aX 44.28 59.12 50.33 4.04   43.58 60.30 48.75 4.26 
L6aX 41.71 59.45 49.38 4.63   46.10 62.67 52.71 4.55 
AX 65.97 79.99 71.57 3.51   65.42 80.02 72.05 3.84 
PgX 65.92 78.00 71.25 3.91   67.85 80.74 74.58 4.10 

Overjet 4.20 14.39 7.74 3.32   2.10 7.81 4.42 1.50 
Molar Relation -1.20 4.12 0.95 1.75   -6.74 3.22 -3.96 2.64 

(U1iX) – (AX) 5.16 11.67 8.63 1.86   4.45 10.55 8.16 1.82 
(U6aX) – (AX) -24.19 -18.13 -21.23 1.43   -26.71 -19.71 -23.30 2.01 
(L1iX) – (PgX) -2.19 6.68 1.20 2.50   -2.58 7.72 1.20 2.72 

(L6aX)  – (PgX) -25.81 -17.63 -21.87 2.53   -32.58 -17.12 -21.87 3.93 
(AX) – (PgX) -3.54 4.31 0.31 2.50   -7.07 -0.38 -2.54 2.08 

ULX 84.69 100.75 91.23 4.97   85.64 100.91 91.78 5.10 
LLX81.34 98.62 88.23 5.31   83.20 103.55 90.89 5.61 
pgX 74.52 87.49 80.97  3.93   77.01 92.01 84.81 4.50 



 

-   - 
 

  

T

T T 

S-N-0.80 0.89 0.21 0.45   -1.00 1.30 0.38 0.78 
S-Go-1.23 1.92 0.43 0.96   0.79 7.75 3.02 1.87 
N-Me -0.81 2.01 1.00 1.00   0.05 7.94 3.77 2.25 

AO-BO-1.11 2.97 0.35 1.10   -5.26 -0.14 -2.25 1.82 
Co-Gn-0.89 3.02 1.18 1.13   2.18 7.45 3.51 1.37 

U6m/NL -0.15 1.29 0.58 0.45   -1.10 2.14 0.84 0.85 
U1i/NL -1.11 0.81 -0.05 0.61   -1.99 0.63 -0.60 0.90 

L6m/ML -0.36 0.76 0.18 0.37   0.29 3.40 1.50 0.87 
L1i/ML -0.29 1.34 0.42 0.63   -1.62 3.05 0.42 1.19 

UL/E-Line -0.98 1.16 -0.09 0.69   -3.40 -0.10 -1.83 1.11 
LL/E-Line -1.15 0.50 -0.37 0.47   -3.12 2.79 -0.56 1.69 

S-GoX100 : N-Me -1.84 2.19 -0.20 1.12   -1.04 2.19 0.46 0.99 
N-S-Ba -2.44 3.43 0.78 1.44   -3.68 5.65 -0.25 2.41 
N-S-Gn -1.35 2.00 0.45 0.95   -1.56 1.30 -0.04 0.93 
NSL^NL-0.94 1.35 0.17 0.67   -1.05 1.23 0.18 0.62 
NSL^ML -2.68 2.38 0.15 1.40   -1.72 1.73 0.36 1.11 

Ar-Go-Me -2.52 1.32 -0.56 1.27   -2.59 3.37 0.41 1.48 
NL^ML -1.83 2.56 0.05 1.33   -1.57 1.57 0.22 0.93 
A-B^NL -4.40 2.11 -0.67 1.85   1.38 8.65 4.59 2.50 
A-Pg^NL -3.24 1.39 -0.38 1.49   0.61 6.29 3.88 1.96 

S-N-A-0.83 1.60 0.20 0.82   -1.54 0.83 -0.35 0.68 
S-N-B -1.86 0.94 -0.16 0.68   0.07 3.35 1.66 1.14 
A-N-B -0.82 1.42 0.36  0.73   -3.34 -0.82 -2.01 0.87 
S-N-Pg -1.54 1.11 -0.03 0.75   0.53 2.96 1.52 0.91 
N-A-Pg -2.16 3.42 0.85 1.88   -6.47 -1.03 -3.86 1.76 
NSL^OL -2.95 2.10 -0.16 1.44   -3.41 1.86 -0.36 1.65 

U1L^NSL -3.08 5.07 0.69 2.71   -8.92 -0.19 -3.46 2.40 
U1L^NL -2.88 5.40 0.87 2.69   -9.96 0.22 -3.12 2.82 
L1L^ ML -1.71 2.84 0.41 1.38   -

10.65 6.79 -4.07 4.70 
U1L^L1L -7.85 3.32 -0.90 3.07   -1.66 14.43 7.09 4.46 
no-sn-Ls -8.76 8.75 2.71 5.65   -0.26 11.53 4.13 3.45 

T

T   T 

U1iX -0.70 3.17 0.82 1.14   -1.31 1.75 0.01 0.92 
L1iX -2.25 1.79 0.08 1.11   0.32 9.57 3.33 2.87 

U6aX -0.62 2.44 0.74 0.82   -4.00 1.18 -1.58 1.38 
L6aX -2.42 2.10 0.09 1.15   -6.86 8.75 3.33 3.52 
AX -1.54 1.74 0.42 0.85   -0.77 2.07 0.48 0.83 
PgX -2.81 2.09 -0.11 1.28   1.08 7.57 3.33 1.87 

Overjet -0.67 1.98 0.74 0.94   -9.15 -0.18 -3.32 2.86 
Molar Relation -1.12 3.00 0.65 1.16   -9.89 3.81 -4.91 3.46 

(U1iX) – (AX) -0.92 1.91 0.41 0.93   -1.85 0.98 -0.47 0.88 
(U6aX) – (AX) -1.50 1.21 0.33 0.88   -5.50 1.15 -2.07 1.68 
(L1iX) – (PgX) -0.67 1.92 0.19 0.79   -1.27 2.84 0.00 1.24 

(L6aX)  – (PgX) -1.87 2.10 0.21 1.11   -9.26 2.48 0.00 2.81 
(AX) – (PgX) -1.16 3.12 0.53 1.33   -5.50 -0.24 -2.85 1.69 

ULX -0.90 2.42 0.78 1.02   -1.75 2.94 0.55 1.43 
LLX-1.12 2.39 0.38 1.12   -1.13 7.64 2.66 2.91 
pgX -0.78 3.25 0.54 1.29   0.79 8.65 3.84 2.70 
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Method Error (ME) 
MEME

S-N0.31  N-S-Ba 0.32 
S-Go0.26  N-S-Gn 0.28 
N-Me 0.27  NSL^NL0.47 

AO-BO0.32  NSL^ML 0.35 
Co-Gn0.27  Ar-Go-Me 0.44 

U6m/NL 0.39  NL^ML 0.30 
U1i/NL 0.28  A-B^NL 0.38 

L6m/ML 0.38  A-Pg^NL 0.34 
L1i/ML 0.45  S-N-A0.35 

UL/E-Line 0.13  S-N-B 0.21 
LL/E-Line 0.22  A-N-B 0.22 

S-GoX100 : N-Me 0.20  S-N-Pg 0.31 
   N-A-Pg 0.33 
   NSL^OL 0.56 

  U1L^NSL 0.34 
   U1L^NL 0.42 
   L1L^ ML 0.36 
   U1L^L1L 0.44 
   no-sn-Ls 0.16 

t

T0   One-Sample T-Test

  tp 
AJS1.00 3.50 2.07 0.66 1.3  0.3    0.15 5.06 0.000 *** 

SJS 1.50 4.80 3.37 0.83 2.5  0.5    0.19 4.58 0.000 *** 
PJS 1.20 5.30 2.27 1.07  2.1  0.2    0.25 0.68 

0.66 
0.503 
0.516 NS  

SJS/AJS0.8 4.7 1.9 1.0 1.9  -    0.22 -0.22 0.826 NS 
PJS/AJS0.4 5.3 1.4 1.2 1.6  -    0.27 -0.90 0.380 NS 

  



 

-   - 
 

Test of Normality 
p

T0T1T

 T0 T1  T  T0 T1  T
K-S S-WK-S S-W K-S S-W   K-S S-WK-S S-W K-S S-W 

S-N0.200 0.737 0.200 0.496 0.200 0.691   0.200 0.437 0.200 0.758 0.200 0.222 
S-Go0.168 0.035 0.139 0.025 0.200 0.628   0.200 0.991 0.200 0.978 0.081 0.056 
N-Me 0.200 0.445 0.200 0.796 0.040 0.096   0.200 0.422 0.200 0.559 0.200 0.961 

AO-BO0.200 0.111 0.200 0.161 0.200 0.486   0.200 0.454 0.200 0.325 0.200 0.102 
Co-Gn0.200 0.353 0.200 0.579 0.200 0.995   0.187 0.195 0.139 0.093 0.015 0.003 

U6m/NL 0.124 0.042 0.200 0.025 0.200 0.756   0.200 0.788 0.200 0.079 0.200 0.746 
U1i/NL 0.200 0.625 0.200 0.584 0.200 0.654   0.200 0.428 0.200 0.967 0.200 0.244 

L6m/ML 0.025 0.091 0.011 0.116 0.200 0.645   0.200 0.285 0.200 0.219 0.123 0.111 
L1i/ML 0.200 0.895 0.200 0.773 0.200 0.041   0.096 0.043 0.060 0.031 0.200 0.937 

UL/E-Line 0.200 0.814 0.152 0.534 0.200 0.580   0.200 0.456 0.114 0.237 0.200 0.640 
LL/E-Line 0.029 0.002 0.052 0.008 0.200 0.905   0.200 0.792 0.200 0.221 0.200 0.946 

S-GoX100 : N-Me 0.200 0.200 0.103 0.185 0.200 0.991   0.200 0.731 0.200 0.112 0.200 0.273 
N-S-Ba 0.068 0.118 0.102 0.020 0.200 0.693   0.070 0.054 0.200 0.179 0.200 0.447 
N-S-Gn 0.200 0.693 0.200 0.773 0.200 0.937   0.200 0.941 0.200 0.566 0.200 0.536 
NSL^NL0.083 0.021 0.016 0.006 0.200 0.969   0.200 0.931 0.200 0.984 0.200 0.986 
NSL^ML 0.172 0.208 0.200 0.938 0.200 0.765   0.200 0.221 0.200 0.494 0.200 0.630 

Ar-Go-Me 0.200 0.812 0.200 0.914 0.089 0.179   0.157 0.521 0.200 0.720 0.200 0.903 
NL^ML 0.200 0.803 0.200 0.707 0.200 0.849   0.152 0.349 0.200 0.603 0.200 0.942 
A-B^NL 0.200 0.377 0.200 0.293 0.200 0.503   0.200 0.490 0.200 0.087 0.166 0.186 

A-Pg^NL 0.200 0.906 0.002 0.051 0.040 0.168   0.200 0.714 0.180 0.173 0.200 0.417 
S-N-A0.200 0.671 0.200 0.512 0.200 0.500   0.115 0.204 0.157 0.066 0.200 0.880 
S-N-B 0.200 0.320 0.200 0.200 0.138 0.111   0.103 0.200 0.200 0.454 0.200 0.110 
A-N-B 0.200 0.809 0.200 0.823 0.200 0.619   0.200 0.527 0.200 0.114 0.200 0.115 
S-N-Pg 0.200 0.523 0.060 0.208 0.200 0.990   0.200 0.965 0.200 0.997 0.200 0.128 
N-A-Pg 0.200 0.301 0.200 0.516 0.200 0.445   0.026 0.028 0.154 0.040 0.200 0.757 
NSL^OL 0.200 0.329 0.200 0.180 0.113 0.200   0.010 0.029 0.200 0.283 0.200 0.615 

U1L^NSL 0.200 0.511 0.017 0.052 0.200 0.459    0.200 0.756 0.200 0.541 0.200 0.429 
U1L^NL 0.200 1.000 0.062 0.081 0.200 0.678   0.200 0.415 0.149 0.105 0.200 0.181 
L1L^ ML 0.200 0.333 0.107 0.267 0.188 0.756   0.200 0.650 0.200 0.480 0.200 0.445 
U1L^L1L 0.200 0.260 0.153 0.349 0.200 0.686   0.112 0.437 0.200 0.745 0.200 0.863 
no-sn-Ls0.111 0.590 0.200 0.630 0.200 0.304   0.200 0.928 0.200 0.277 0.200 0.411 

  

p
T0T1T

 T0 T1  T  T0 T1  T
K-S S-WK-S S-W K-S S-W   K-S S-WK-S S-W K-S S-W 

U1iX 0.200 0.813 0.200 0.955 0.200 0.238   0.200 0.608 0.200 0.727 0.200 0.541 
L1iX 0.200 0.184 0.200 0.108 0.111  0.211   0.200 0.388 0.200 0.698 0.049 0.062 

U6aX 0.200 0.984 0.200 0.660 0.036 0.579   0.200 0.709 0.200 0.040 0.200 0.976 
L6aX 0.200 0.748 0.200 0.871 0.200 0.578   0.200 0.950 0.200 0.783 0.008 0.006 
AX 0.200 0.901 0.200 0.920 0.200 0.271   0.200 0.661 0.200 0.987 0.200 0.855 
PgX 0.200 0.431 0.200 0.148 0.200 0.954   0.200 0.566 0.200 0.625 0.200 0.178 

Overjet 0.002 0.006 0.056 0.011 0.047 0.060   0.050 0.020 0.200 0.788 0.090 0.078 
Molar Relation 0.200 0.703 0.200 0.975 0.200 0.784   0.151 0.219 0.200 0.023 0.200 0.312 

(U1iX) – (AX) 0.200 0.585 0.200 0.131 0.200 0.715   0.149 0.127 0.139 0.197 0.200 0.833 
(U6aX) – (AX) 0.069 0.242 0.044 0.094 0.096 0.020   0.200 0.853 0.200 0.960 0.200 0.834 
(L1iX) – (PgX) 0.200 0.749 0.111 0.428 0.200 0.142   0.054 0.151 0.028 0.122 0.200 0.050 

(L6aX)  – (PgX) 0.200 0.523 0.200 0.442 0.200 0.943   0.200 0.822 0.176 0.035 0.000 0.000 
(AX) – (PgX) 0.200 0.788 0.200 0.182 0.200 0.624   0.200 0.718 0.200 0.053 0.200 0.539 

ULX 0.200 0.975 0.200 0.943 0.200 0.998   0.200 0.734 0.200 0.459 0.200 0.408 
LLX0.190 0.282 0.200 0.499 0.200  0.777   0.200 0.763 0.200 0.464 0.077 0.309 
pgX 0.200 0.757 0.200 0.589 0.200 0.204   0.200 0.958 0.200 0.841 0.200 0.250 
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