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Abstract 
Aims: Conjoint analysis of orthodontic patients using 
the Subspinale (A-point) Nasion-Supramentalc (B 
point) (ANB) angle and the Wits appraisal is popular 
in many practices. This study aimed to present 
reference values for the Wits appraisal among 
Nigerians using three horizontal reference planes 
namely the bisected occlusal plane(BOP), the 
functional occlusal plane(FOP) and the maxillo-
mandibular angle biscctor(MM°bisector) plane. It 
also assessed the relationship of the Wits appraisal 
with the ANB angle and its interaction with clinical 
measures of sagittal skeletal relations among subjects 
with malocclusion. 
Methodology: One hundred participants with normal 
occlusion and 120 with malocclusion were recruited 
in the study. Cephalometric radiographs were taken 
for all participants. Each radiograph was manually 
traced on a 0.003 matted cellulose acetate tracing 
paper using a sharpened 2H pencil . The Wits 
appraisal and ANB angle were determined. Data was 
analyzed using SPSS version 19. 
Results: The mean age was 20.7±4.9 years for those 
with normal occlusion and 18.8±6.5 years in the 
malocclusion group. There were 91 (41.4%) males 
and 129(58.6%) females. Mean values for the Wits 
appra isa l us ing the BOP as re fe rence , was -
1.27±2.91 mm, with the FOP, it was -3.54±3.24mm, 
whi le with the MM° bisector plane, it was -
4.75±2.94mm. The ANB angle showed highest 
correlation with the MM° bisector plane Wits 
value(P<0.001). 
Conclusion'. When the c l in ica l and angu la r 
cephalometric findings are at variance, the ANB 
angle is best moderated by the MM° bisector plane 
Wits appraisal. 

Keywords: Wits appraisal, reference planes, ANB 
angle, Nigerians. 

Resume 
Objective : L ' ana lyse c o n j o i n t e des pa t ien ts 
d ' o r t h o d o n t i e en u t i l i san t T a n g l e A N B et 
1'evaluation de Wits est populairc dans plusieurs 
pratiques. Cette etude visait a presenter des valeurs 
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references pour revaluat ion de Wits parmi les 
niger ians en uti l isant trois plans re ferences 
horizontaux a savoir le plan occlusal bissecte (POB), 
le plan occlusal fonctionnel (POF) et le plan 
b i ssec teur d ' a n g l e max i l l a i r e -mand ibu la i r e 
(bissecteurMM). Ccla repartissait aussi la relation 
de revaluation du Wits avec Tangle ANB et son 
interaction avec les mesures cliniques des relations 
squelcttc sagittal parmi des sujets avec malocclusion. 
Methodes: Cent participants avec occlusion normale 
et 120 avec malocclusion etaient recrutes dans 
Tetude. Les radiographics cephalometriques etaient 
prises pour touts participants. Chaque radiographic 
etait manuellement calquce sur un papier trasant 
d'acetate de cellulose emmele 0,003" en utilisant 
un crayon 211 taille. devaluation de Wits et Tangle 
ANB etaient determines. Les donnees etaient 
analysees en utilisant SPSS version 19. 
Resultats: L'age moyen etait 20,7±4,9 ans pour ceux 
avec occlusion normal et 18,86,5 ans dans le groupe 
de malocclusion. lis y avaient 91 (41,4%) hommes 
et 129 (58,6%) femmes. La valeur moyenne pour 
revaluation de Wits en utilisant le POB comme 
reference etait -1,272,91 mm, avec le POF e'etait -
3,543,24 mm, tandis qu'avec le bissecteur°MM 
e'etait -4,752,94 mm. L'angle ANB montrait plus 
grande correlation avec le plan bissecteur°MM de 
1'evaluation de Wits (p<0,001). 
Conclusion : Quand les resultats cephalometriques 
cliniquc et angulaire sont en disaccord, Tangle ANB 
est mieux modere par le plan bissecteur°MM de 
revaluation de Wits. 

Mots cle: Evaluation de Wits, plans references, angle 
AND, Nigerians 

Introduction 
The Wits appraisal a cephalometric assessment used 
in orthodontics, is based on the occlusal plane and 
was proposed by Jacobson [1,2]. This linear, 
a s sessment done on a lateral c epha lome t r i c 
radiograph uses perpendicular lines drawn from the 
Subspinale (A point) and supramcntale (B point) to 
the occlusal plane. The horizontal distance between 
these points on the occlusal plane (AO-BO) is then 
measured.Mean values of Omm for females and -
1 mm for males was reported by Jacobson [ 1,2].The 
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Wits appraisa l is v a l u a b l e a s a d i a g n o s t i c aid to the 
A N B a n g l e [ 3 ] w h o s e r e l i ab i l i t y h a s b e e n ques t ioned 
on many ba se s [ l , 2 , 4 - l 0]. T h e Wi t s appra i sa l does not 
use cranial l a n d m a r k s s o it is i dea l l y m o r e accu ra t e 
than the A N B in d i a g n o s i n g a n t e r o - p o s t e r i o r skeletal 
base d i s h a r m o n i e s [1] . It is a l s o l e s s l i ab le to e r rors 
of measu remen t b e c a u s e o f its l i n e a r n a t u r e [11,12]. 

Skele ta l b a s e r e l a t i o n s h i p a s s e s s e d by the 
A N B and Wits app ra i s a l d i f f e r s i g n i f i c a n t l y [1 ,13] . 
The Wits appra i sa l b e i n g r e p o r t e d to d i f f e r e n t i a t e 
between c lasses I and II d iv i s ion I m a l o c c l u s i o n more 
clearly than the A N B a n g l e [14 ] . T h o u g h both A N B 
angle a n d Wi t s a p p r a i s a l a r e r e p o r t e d to h a v e a 
s ignif icant r e l a t i onsh ip w i t h t h e v a r i o u s c l a s ses of 
malocc lus ion based on m o l a r r e l a t i o n s h i p ^ 4 ] , the 
Wits appraisa l bea r s a m o r e s i g n i f i c a n t a s soc ia t ion 
than the A N B [13] . In a d d i t i o n , the p ropor t i on o f 
misd iagnos is in c l a s s II m a l o c c l u s i o n is repor ted to 
be h igher wi th the A N B a n g l e t han w i t h the Wits 
appraisal [14]. T h e s e ind ica te tha t t h e Wi t s appraisal 
showed a h igher s p e c i f i c i t y in t h e d i a g n o s i s o f c lass 
II re la t ionship than the A N B . In add i t i on , a g e related 
decrease in A N B a n g l e h a v e b e e n r epo r t ed [5] ,whi le 
the Wits appraisal s h o w e d n o s i gn i f i c an t age changes 
in A B values in peop le wi th n o r m a l o c c l u s i o n [5,15]. 

With respect to the W i t s app ra i sa l , p rob l ems 
associated wi th p r o p e r d e f i n i t i o n o f t h e func t iona l 
occlusal plane ( F O P ) de f ined by a l ine d r a w n through 
the cuspa l o v e r l a p o f t h e f i r s t m o l a r s a n d f i r s t 
p remolars has led to the u s e o f o t h e r occ lu sa l p lane 
variants . T h e s e p r o b l e m s a r e t h e r e su l t o f g rowth , 
the mixed den t i t ion [16] a n d p r e s e n c e o f a s teep 
curve o f S p e e [17] . T h e b i s e c t e d o c c l u s a l p lane 
( B O P ) [17] d e f i n e d by a l ine d r a w n t h r o u g h the 
cuspal ove r l ap o f the f i r s t m o l a r s a n d t h e mid-po in t 
of the ove r l ap of the m o s t a n t e r i o r inc i sors , lower 
incisor p lane (L IP ) and m o r e r ecen t ly , the maxi l lo -
mandibu la r a n g l e ( M M ° ) b i s e c t o r p l a n e [ 16] are the 
common occlusa l p l ane v a r i a n t s tha t h a v e been used. 

T h e B O P is r e p o r t e d t o c o r r e l a t e m o r e wi th 
dental va r iab les such as o v e r j e t a n d u p p e r to lower 
incisor angu la t ion w h i l e t h e F O P c o r r e l a t e s bet ter 
with the A N B a n g l e [17] . T h e M M ° b i s e c t o r p lane 
geometr ica l ly de r ived f r o m t h e m a x i l l a r y (pa la ta l ) 
and mandibular p lanes , is r epo r t ed no t to c h a n g e with 
growth, and if at al l , it c h a n g e s in c o n j u n c t i o n with 
the dental ba ses so tha t t h e t r u e r e l a t i on o f the A and 
B points is not d i s tor ted . It is a l s o ea s i l y r ep roduc ib le 
[ 16,18] and not s ign i f i can t ly c h a n g e d by o r thodon t i c 
t reatment . It co r r e l a t e s be t t e r w i t h A N B a n g l e than 
Wits appra isa l c o n d u c t e d u s i n g t h e B O P o r F O P in 
class II d iv is ion I pa t i en t s [18 ] a n d is less l iable to 
errors [19]. S i n c e it is d e r i v e d e n t i r e l y f r o m bony 
l andmarks it p r e s e n t s a t r u e r m e a s u r e o f an te ro -

posterior j a w posit ions than the t r a d i t i o n a l d e n t i t i o 
based Wits appraisal [20]. 

Studies carried ou t in N i g e r i a a s s e s s i n g tli 
A N B a n g l e a b o u n d in t h e l i t e r a t u r e [ 2 1 - 2 3 
However , the need for c o n j o i n t a n a l y s i s w i t h oth< 
methods of appraisal [1 ,5 ,24] m a k e s t u d i e s o f oth< 
a s s e s s m e n t m o d a l i t i e s f o r s a g i t t a l s k e l e t a l b a ! 
discrepancy a m o n g N i g e r i a n s p e r t i n e n t . 

This s tudy has p r e s e n t e d r e f e r e n c e v a l m 
for the Wits appraisal a m o n g a g r o u p o f N i g e r i a i 
w i t h n o r m a l o c c l u s i o n , u s i n g t h r e e h o r i z o n t 
reference planes namely the b i s e c t e d o c c l u s a l p l a n 
t he f u n c t i o n a l o c c l u s a l p l a n e a n d t h e m a x i l l i 
mandibular angle bisector p l a n e . It a l s o a s s e s s e d t l 
relationship between the Wits a p p r a i s a l w i t h t h e A N 
a n g l e as we l l a s t he i r i n t e r a c t i o n w i t h c l i n i c 
m e a s u r e s o f s a g i t t a l s k e l e t a l r e l a t i o n s a m o r 
Niger ians with ma locc lus ion . 

Mater ia l s and m e t h o d s 
A cross sectional study o f 2 2 0 p a r t i c i p a n t s in I b a d a 
south-western Nigeria , w a s ca r r i ed o u t a f t e r a p p r o v 
w a s o b t a i n e d f r o m t h e U n i v e r s i t y o f I b a d a 
Universi ty Col lege Hosp i ta l E t h i c a l R e v i e w B o a r 
Subjec t s were assessed to h a v e n o r m a l o c c l u s i < 
based on the fol lowing cr i ter ia: A n g l e s ' C l a s s I m o l 
relat ionship, arch c r o w d i n g o r s p a c i n g n o t g r e a t 
than 3 m m , o v e r j e t o f 2 - 4 m m a n d o v e r b i t e n 
e x c e e d i n g Zi o f the l ab ia l s u r f a c e o f t h e l o w -
incisors and a co inc ident m i d l i n e . P a r t i c i p a n t s w i 
malocclusion were rec ru i ted f r o m t h e o r t h o d o n t 
cl inic of the Univers i ty C o l l e g e H o s p i t a l , I b a d ; 
w h e t h e r t h e y w e r e A n g l e c l a s s I , II o r I 
malocclus ion. All pa r t i c ipan t s w e r e o f f u l l N i g e r i ; 
o r i g i n and h a v e no t h a d p r e v i o u s o r t h o d o n t 
t reatment .Wri t ten in fo rmed c o n s e n t w a s r e q u e s t * 
f rom each part icipant or the i r p a r e n t s / g u a r d i a n s 
they were minors ( less than 1 6 y e a r s o l d ) . 

U s i n g a d a t a e x t r a c t i o n f o r m , s o c i i 
d e m o g r a p h i c d a t a w a s o b t a i n e d . A n i n t r a - o r 
examina t ion w a s p e r f o r m e d b y o n e o f u s u n d 
natural light, using a s ter i le t o n g u e d e p r e s s o r a n d 
mouth mirror. Findings inc lud ing d e n t a l a n d o c c l u s 
relat ionships were recorded . 

Lateral c e p h a l o m e t r i c r a d i o g r a p h s o f £ 
par t ic ipan ts w e r e t aken u s i n g t h e P a n - B l u e - O T 
machine(S /no 2402kk0164 A S S A G O , I T A L Y ) w i 
par t i c ipan ts ' head held in a c e p h a l o s t a t , l o o k i i 
forward with the Frankfor t h o r i z o n t a l p l a n e p a r a ! ! 
to the floor and the teeth in c o m p l e t e i n t e r c u s p a t k 
at standardized dis tance 150cm a n d 1 5 c m f r o m mi« 
sagittal plane to the source o f r a d i a t i o n a n d t h e f i l 
respect ively . Sof t and ha rd t i s s u e t r a c i n g s w c i 
ob ta ined manua l ly on a 0 . 0 0 3 i n c h m a t t e f i n i < 
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acetate tracing paper and a sharpened 2H pencil over 
a light viewing box in a dark room. The ANB angle 
and Wits appraisal conducted with the FOP, BOP 
and MM° bisector planes as reference planes were 
obtained.The data was entered into a computer 
spread sheet and analysed using the IBM Statistical 
Package for Social Sciences (SPSS) version 19. 
Descriptive statistics in form of frequency tables and 
measures of central tendency were generated. 
Associations between the var ious cont inuous 
parameters were determined using the Pearson's 
bivariate correlation. The independent sample t-test and 
one-way ANOVA were used to assess relationships of 
continuous data across two or more groups respectively. 
Statistical significance was set at p<0.05. 

Intra examiner variability was assessed by 
retracing 20 randomly selected radiographs at 2(two) 
weeks interval. The correlation coefficient was used 
for assessment and values of 0.88 for SNA, 0.84 for 
SNB and 0.85 ANB (all at p< 0.01) were obtained 
showing an acceptable level of agreement between 
the readings for the two measurements. 
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Results 
Two hundred and twenty subjects were assessed. One 
hundred (45.5%) had normal occlusion, while one 
hundred and twenty (54.5%) had malocclusion. The 

latter group was further divided into three sub-groups 
of 40 each for the three classes of malocclusion. The 
mean age for participants with normal occlusion 
(group 1) was 18.8± 6.5 years and for participants 
with malocclusion (group II) was 20.7± 4.9 years. 
Demographic distribution as well as class of 
malocclusion is as shown in table 1. Mean values 
for the Wits appraisal using the bisected occlusal 
plane(BOP), functional occlusal plane(FOP) and the 
maxillo-mandibular plane angle bisector(MM° 
bisector) as reference planes among participants with 
normal occ lus ion are as shown in table 2. 
Independent sample t-test showed that there was no 
significant difference for the ANB angle (p=0.47), 
MM° bisector (p=0.68), BOP (p=0.10) and FOP 
(p=0.11) Wits appraisal between the gender groups. 
This allowed for combined analysis across gender. 

Correlation between participants' ANB 
angle and al I Wits appraisal values as analyzed using 
the Pearson's bivariate analysis showed that the three 
variants of the Wits appraisal had significant positive 
correlation with the ANB angle. However the MM° 
bisector plane showed the highest correlation with 
the ANB both in normal occlusion and malocclusion 
(Fig I)-

One-way ANOVA showed that within the 
malocclusion group, ANB angle, BOP, FOP and 

Tabic 1: Demographic distribution of the study sample 

Variables Malocclusion group Normal occlusion group Total 
N(%) N(%) N(%) 

Gender 
Male 57(47.5) 34(34.0) 91(41.4) 
Female 63(52.5) 66(66.6) 129(58.6) 

Total 120(100) 100(100.0) 220(100.0) 
Level of education 

25(25.0) 79(35.9) Secondary 54(45.0) 25(25.0) 79(35.9) 

Tertiary 66(55.0) 75(75.0) 141(64.1) 

Total 120(100.0) 100(100.0) 220(100.0) 

Tribe 
1(0.4) Hausa 1(0.8) 0( 0.0) 1(0.4) 

I bo 21(17.5) 15(15.0) 36(16.4) 

Yoruba 98(81.7) 85(85.0) 183(83.2) 

Total 120(100.0) 100(100.0) 220(100.0) 

Table 2: Wits appraisal values in normal occlusion using three reference planes. 

Parameter Male Female Total 

BOP Wits appraisal [Mean ± S.D (mm)] 
FOP Wits appraisal [Mean ± S.D (nun)] 
MM0 bisector Wits appraisal (Mean ± S.D (mm)] 

-1.93±3.38 
-4.26±3.65 
-4.92±3.31 

-0.93±2.59 
-3.I7±2.96 
-4.66±2.76 

-1.27±2.91 
-3.54±3.24 
-4.75±2.94 
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B BOP Wits a p p r a i s a l = F O P Wits appra i sa l •MM° b i s e c t o r W i t s a p p r a i s a l 

Fig.l: Correlation between ANB angle and Wits appraisal using the three reference planes in normal o c c l u s i o n a n d 
the malocclusion groups. 

Table 3: ANOVA table comparing the relationship of ANB angle, BOP, FOP and MM bisector Wits app ra i s a l w i th 
clinically determined sagittal relationship using the A-point to B-point palpation and molar relationship. 

based on A-point to based on Angle 's 

Radiological parameter Mean(±SD) F-test Mean(±SD) F- tes t 
ANB° 
Class I 3.18(2.64) 3.02(2.60) 
Class II 7.00(2.75) 46.54* 6.63(3.00) 3 7 . 6 5 * 
Class III -0.76(3 A f t 0.25(3.81) 
BOP Wits appraisal (mm) 
Class I -0.26(3.85) -0.29(3.60) 
Class II 5.75(3.33) 46.78* 4.84(4.50) 3 5 . 9 2 * 
Class III -4.18(3.82) -3.23(3.74) 
FOP Wits appraisal(mm) 
Class I -3.73(3.95) -3.64(4.48) 
Class II 2.35(4.14) 46.74* 1.20(4.73) 3 0 . 8 7 * 
Class III -8.14(4.50) -7.06(4.34) 
MM° bisector Wits appraisal (mm) 
Class I -4.82(4.12) -4.57(4.49) 
Class II 1.09(3.54) 61.45* 0.27(3.80) 5 0 . 4 4 * 
Class III -10.80(4.46) -9.75(4.46) 

*- AH significant at p< 0.001 
SIStandard deviation. 

MM° bisector Wits appra isa l all have a statist ically 
significant relat ionship wi th c l in ical ly de termined 
skeletal pattern using the A point- B point palpation 
(Ftes t= 46.54; 46.78; 46.74 and 61.45 respectively: 

p<0.01 in all cases). T h c ^ a m f ^ v a s 
c l in ica l c l a s s i f i ca t ion o n ± ± h c - = n » l a r 
r e la t ionsh ip (F test= 37 .6 ; 3 5 ? 9 ; 5 0 . 4 
respectively: p<0.01 in all cases ) t a b l e 3 . 
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To confirm this relationship, malocclusion 
subjects initially classified on the clinical criteria of 
Angle's molar relationship and A point- B point 
palpation were re-classified into classes I, II and III 
on the bas is of r ad io log ica l norms in th is 
cnvironment(with respect to the ANB angle) and 
from this study(for the Wits appraisal). Using Chi-
square test, it was confirmed that classification based 
on A point to B point palpation and Angle's molar 
relationship was significantly related to radiological 
classification using the four radiological parameters 
as shown in table 4. 
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The significant positive correlation between 
the ANB angle and the Wits appraisal found in 
normal occlusion is advantageous. This must in the 
first case, be a good cause for combining these 
modalities in orthodontic diagnosis as malocclusions 
arc deviations from the normal. Sagittal skeletal base 
classification by the Wits appraisal using all three 
re ference planes showed better specif ici ty in 
classifying this group of participants than the ANB 
angle. The ANB angle classified 35% of our normal 
occlusion sample as class II skeletal base highlighting 
still the unreliability of the ANB in this sample of 

T a b l e 4 : Chi square values for classification of malocclusion based on A N B and the Wits appraisal using the three 
reference p lanes 

A-point to B point palpation Molar re lat ionship 
Radiological classif icat ion Chi square value P- value Chi square value P-value 

A N B Angle 53.35 < 0 . 0 1 46.23 <0.01 
B O P Wits appraisal 50.27 < 0 . 0 1 47.32 <0.01 
F O P Wits appraisal 65.80 < 0 . 0 1 54.60 <0.01 
M M ° Bisector Wits appraisal 70.53 < 0 . 0 1 66.97 <0.01 

Discussions 
A study comparing the Wits appraisal using the three 
documented reference planes showed that the 
Bisected Occlusal Plane yielded a more positive Wits 
value than the Functional Occlusal Plane [16]. On 
the contrary, the Maxillo-mandibular plane angle 
bisector plane yielded a more negative Wits value 
relative to the Functional Occlusal Plane. This was 
confirmed in this study and can be attributed to 
the fact that the bisected occlusal plane has the 
most horizontal slant relative to the functional 
occlusal plane and the maxillo-mandibular angle 
bisector plane [16]. The latter planes have a 
downward slant anteriorly relative to the bisected 
occlusal plane. The AO-BO distances will thus 
tend to be further apart as the planes rotate on the 
downward slant, with the B-point being further 
ahead and resulting in progressive negative Wits 
readings. In addition, studies have shown that 
though males tend to have more negative Wits 
reading than females [25,26] the difference is not 
significant. These reports arc in agreement with 
the findings of this study. 

The maxillo-mandibular plane angle (MM°) 
bisector Wits appraisal reading obtained from this 
study are similar to those reported by Hall-Scott and 
co-workers [16]. This may be a pointer to a relative 
stability of the MM° Bisector Wits appraisal across 
races and justifies its being preferred above other 
Wits appraisal modalities. 

participants. Indeed, ANB values of up to 10° has 
been reported in normal occlusion [22]. 

This study has also shown that when A point-
B point palpation and molar relationship were the 
sole clinical criteria considered, one is able to 
establish a true separation of the various classes 
among people with malocclusion using both the ANB 
angle and the Wits appraisal. This is in agreement 
with a previous study [27]. However, this difference 
was better evaluated with the Wits appraisal in 
general and the MM° bisector Wits in particular 
rather than the ANB angle as reported in another 
study [ 19]. This variation in findings is a good reason 
for the need of conjoint cephalometric analysis in 
patient management. An additional point to note is 
that manual palpation of the A and B points is of 
higher clinical value than the molar relationship in 
the assessment of sagittal skeletal base discrepancy 
as observed from the ANOVA and chi square values. 
So, in the absence of cephalometry as can sometimes 
prevail in poorly developed countries, this clinical 
tool must not be disregarded. 

That the ANB angle correlated best with the 
MM° bisector Wits appraisal is in keeping with 
previous reports [16,18]. This further establishes the 
MM° bisector plane as a better basis to measure 
sagittal skeletal discrepancy rather than the FOP or 
the BOP if the Wits appraisal is to be considered. 
Considering that the MM° bisector Wits appraisal is 
purely skeletal in origin, as against the FOP and BOP 
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which have dental components , the clinical value of 
this Wits appraisal variant in or thodont ic practice 
cannot be overlooked. Conjo in t analysis using the 
ANB angle and the M M ° bisector Wits appraisal is 
therefore advocated where these two cephalometr ic 
analyses is to be combined. 
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