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cial height.  Conclusion:  The present fi ndings indicate 
that Kuwaiti norms for incisor inclination and protrusion 
should be used as a reference when making the extrac-
tion decision in Kuwaiti orthodontic patients, and that 
the variation in skeletal relationships among subjects 
with satisfactory occlusal compensations is larger than 
previously documented, suggesting a need for establish-
ing different norms for different skeletal patterns. 

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 The need for lateral cephalometric analysis in ortho-
dontic diagnosis and treatment planning is well estab-
lished. The principle is that the radiographic measure-
ments of each patient are compared with normative 
 values. Small differences between the patient’s measure-
ments and the respective norms are interpreted as a nor-
mal variation, while larger differences indicate structural 
deviations. A systematic comparison of the actual and 
normative values of each measurement allows the prac-
titioner to determine whether the malocclusion in ques-
tion is due merely to deviations in position of the teeth 
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  Abstract 
  Objective:  The purpose of this study was to establish 
lateral cephalometric hard tissue norms for adolescent 
Kuwaitis and to compare them with published norms. 
 Subjects and Methods:  Digital lateral cephalograms 
were made of 162 Kuwaitis (82 boys and 80 girls of mean 
age 13.27  8  0.42 years and 13.21  8  0.43 years, respec-
tively), with almost ideal occlusion. Anatomic landmarks 
were identifi ed directly on the digital images. Linear and 
angular measurements were calculated electronically 
using the Dolphin version 9 software package.  Results:  
The average subject in the sample had a steeper man-
dibular plane, a more convex profi le with a tendency for 
reduced chin protrusion, and a more protrusive dentition 
than the norms of the common analysis systems. In ad-
dition, the ranges of the skeletal and dentoalveolar pa-
rameters were larger than those reported in the above-
mentioned norms. Gender differences were limited to 
maxillary and mandibular length and lower anterior fa-
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and the alveolar processes or whether discrepancies exist 
in size and position of the jaws. The analyses will indicate 
necessary structural changes for achieving optimal mor-
phologic results and will support the extraction decision 
as well as the decision whether or not to perform ortho-
gnathic surgery as part of the treatment. 

 Proposed norms must refl ect means and acceptable 
ranges of measurements collected from a representative 
group of subjects to be valid as standards for comparison. 
Due to the morphologic changes associated with growth 
and development  [1, 2]  the subjects must be of relevant 
age, and any gender differences should be explored. More-
over, the samples should be limited to subjects with close 
to ideal occlusion to avoid bias due to effect of the differ-
ences in skeletal and dentoalveolar morphology among 
subjects with different types of malocclusion  [3–5] . Fi-
nally, the samples must be large enough to be representa-
tive of the population. 

 The norms of the common lateral cephalometric anal-
ysis systems allow inferences only to white Americans 
 [6–14]  or Europeans  [15] . Several studies comparing 
cephalometric measurements from samples of different 
ethnic origin to the published norms  [16–24]  as well as to 
comparable groups of various nationalities  [25–31]  have 
been able to demonstrate ethnic differences of clinical 
signifi cance, particularly in dentoalveolar parameters. 
Among the few cephalometric evaluations of Arabs  [24, 
26, 28]  one was limited to a convenience sample of 
48 adult Saudis without clearly defi ned occlusal criteria 
 [26] . Although the other two studies examined 65 adoles-
cent Jordanians  [24]  and 90 adolescent Egyptians  [28] , 
the inclusion criteria may not have been suffi cient in lim-
iting the samples to subjects with almost ideal occlusion, 
and the measures to ensure they were a representative 
group were not clearly stated. 

 The fi rst settlers of Kuwait were Arabs from the Najd 
area of central Arabia  [32, 33] . Other early settlers in-
cluded subjects of Persian origin as well as Arabs from 
various neighboring areas  [32, 33] . The immigration in-
creased dramatically concomitant with the expansion of 
the oil industry before and after World War II. Education 
and trade during the following economic boom also re-
sulted in immigration from East Africa, Asia, Europe, 
and the USA through marriage to Kuwaitis  [32, 33] . 
Cephalometric information on this racial mix is limited 
to an examination of adolescent orthodontic patients 
with deep bite and open bite malocclusions  [34] . The pur-
pose of our study was to perform a lateral cephalometric 
evaluation of a large, representative group of 13- to 14-
year-old Kuwaitis with close to ideal occlusion to estab-

lish cephalometric norms for adolescent Kuwaiti orth-
odontic patients, and to make a clinical comparison be-
tween these norms and those of the common analysis 
systems. 

 Subjects and Methods 

 Subjects 
 Following approval by the Ethics Committee, Faculty of Den-

tistry, Kuwait University and authorization by the Research De-
partment of the Kuwaiti Ministry of Education, 13- to 14-year-old 
8th-grade Kuwaiti students were screened during regular school 
hours. The students were informed about their rights to participate 
in the study, and each school principal provided a well-lit room for 
examination. The inclusion criteria for the lateral cephalometric 
examination were: no history of orthodontic treatment and almost 
ideal occlusion, defi ned as perfect intercuspation and posterior 
tooth alignment with no transverse discrepancies, no detectable 
lateral shift, anterior shift less than 2 mm, no midline deviation, 
positive overjet less than 3.5 mm, positive overbite less than 
2/3 overlap of the maxillary to the mandibular incisors, arch length 
excess less than 2 mm in either arch, and anterior tooth irregular-
ity less than 3.5 mm in either arch. Following written parental con-
sent, 82 boys of mean age 13.27  8  0.42 years and 80 girls of mean 
age 13.21  8  0.43 years were examined. 

 Lateral Cephalograms 
 Digital lateral cephalograms were made with the teeth in centric 

occlusion at a focus/object distance of 150 cm and an object/recep-
tor distance of 20 cm using a Planmeca Publication 688169 version 
5 Cephalostat (Planmeca OY, Helsinki, Finland). The subjects were 
placed in a headholder and asked to look straight forward before 
adjusting the nasal positioner with built-in millimeter scale. 

 Measurements on Lateral Cephalograms 
 Anatomic landmarks as well as the 0 and 2 cm markings on the 

ruler were identifi ed directly on the digital computer images ( fi g. 1 ). 
Linear and angular measurements were calculated electronically 
using the Dolphin version 9 software package (Dolphin Imaging 
and Management Solutions, Chatsworth, Calif., USA), adjusting 
linear readings to the actual subject dimensions. 

 Error of the Method 
 The reproducibility of the measurements was assessed by sta-

tistically analyzing the differences between double measurements 
taken at least 1 week apart on 20 randomly selected cephalograms. 
The error was calculated from the equation: 

2

x
D

S
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�

�

 where D is the difference between duplicated measurements and 
N is the number of double measurements  [35] . The errors ranged 
from 0.27 (U1/APg) to 1.44 (Wits) for the linear measurements and 
from 0.40 (ANB) to 1.51 (U1/L1) for the angular measurements. 
Pearson’s R between corresponding fi rst and second measurements 
were all  1  0.92 (p  !  0.001). 
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   Data Analyses 
 Descriptive statistics were performed, and Student’s t tests were 

employed to test for gender differences. Bonferroni corrections 
were carried out to reduce the possibility of signifi cances due to 
chance, considering p values less than the corresponding Bonfer-
roni correction values as signifi cant  [36] . Sample means, standard 
deviations and ranges of each respective linear and angular mea-
surement were interpreted as lateral cephalometric norms for ado-
lescent Kuwaitis. Separate norms were calculated for boys and girls 
regarding parameters demonstrating gender differences. Pairwise 
comparisons were made between the Kuwaiti and previously pub-
lished norms  [6–14]  ( tables 1 ,  2 ), following multiplying McNama-
ra’s  [13]  linear skeletal norms for adolescents by 0.92 to adjust for 
the 8% magnifi cation. No magnifi cation adjustments were made to 
the norms for the skeletal distances Pg–NB and ‘Wits’ appraisal, or 
to the norms for the dental distances U1–APg, U1–NA, L1–NB 
and L1–APg ( table 1 ). A difference of 2 degrees or 2 mm was con-
sidered clinically signifi cant. 

 Results 

 Skeletal Norms 
 The only anteroposterior differences of clinical signif-

icance were the angle NA/APg, which was larger, and the 
linear dimensions Co–A and Co–Gn, which were shorter 
than the published norms ( tables 1 ,  2 ). Regarding vertical 
parameters the increase of angle MP/FH was considered 
clinically signifi cant while the increase of angle MP/SN 
only approached clinical signifi cance ( table 1 ). The linear 
dimension ANS–Me was similar to the common norms 
for adolescents ( table 2 ). The increased ranges of the an-
teroposterior and vertical parameters relative to the re-
spective ranges available in the analysis systems ( table 1 ) 
were considered clinically signifi cant. 

 Dentoalveolar Norms 
 With the exception of the distance U1–NA, all angular 

and linear measurements related to U1 and L1 were clin-
ically larger in our sample ( table 1 ) than previously sub-
mitted norms. In addition, the ranges were clinically larg-
er than the respective ranges available in the analysis sys-
tems ( table 1 ). 

 Gender Differences 
 Following Bonferroni correction, gender differences 

were only detected in the linear dimensions Co–A, Co–
Gn, and ANS–Me, with boys having 4.18, 4.18, and 
3.38 mm larger average values, respectively (p  !  0.001, 
 table 2 ). 

 Discussion 

 We applied stratifi ed cluster sampling methods  [37]  
when determining school classes from which students 
should be screened, defi ning the students in the public 
schools of each of the 6 administrative areas in Kuwait 
as 6 different strata and the students in the different pri-
vate schools as the 7th stratum. Despite efforts at achiev-
ing population proportions among the subjects with al-
most ideal occlusion, subjects from Ahmadi, Jahra and 
the private schools were underrepresented in our sample 
due to lack of compliance. However, no differences were 
detected in skeletal and dentoalveolar parameters among 
the subjects from the different areas. The present sample 
may therefore allow valid inferences to adolescent Ku-
waitis with almost ideal occlusion. 

 Lack of samples of similar representation from differ-
ent ethnic groups precluded the use of statistical analyses 
for testing of ethnic differences. Besides, such studies may 
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  Fig. 1.  Cephalometric tracing of average subject in the sample, in-
dicating identifi cation of landmarks and reference lines. S = Center 
of pituitary fossa of sphenoid bone; N = intersection of internasal 
suture with nasal frontal suture in midsagittal plane; ANS = tip of 
anterior nasal spine; A = deepest point of curve of maxilla between 
anterior nasal spine and dental alveolus; B= most posterior point 
in concavity along anterior border of symphysis; Pg = most ante-
rior point on midsagittal symphysis; Gn = midpoint between most 
anterior and inferior point on bony chin; Me = most inferior point 
of symphysis; Go = most convex point along inferior border of ra-
mus; Ar = posterior border of neck of condyle; Po = highest point 
of ear canal, most superior point of external auditory meatus; Or = 
most inferior point of external border of orbital cavity; PNS = tip 
of posterior nasal spine. 
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be considered to be of minor clinical signifi cance. Our 
purpose was to establish valid cephalometric norms for 
adolescent Kuwaitis at ages when optimal one-phase 
comprehensive orthodontic treatment normally com-
mences, and to confi rm our hypothesis that such norms 
are needed for appropriate clinical decision-making. We 
therefore considered mean values that differed by at least 
2 mm or 2 degrees to be large enough to justify the use of 
population-specifi c norms for Kuwaitis rather than com-

paring to the previously published norms. We decided to 
use actual rather than relative differences when determin-
ing clinical signifi cance, since a 1-degree increase in an-
gles SNA and U1/SN for mathematical reasons will be 
associated with a similar increase in angles ANB and U1/
NA, despite the large difference in mean values of angles 
SNA vs. ANB and angles U1/SN vs. U1/NA. The fact that 
we did not adjust the linear norms of Downs  [6] , Steiner 
 [10]  and Ricketts  [11]  for magnifi cation will have contrib-

Table 1. Means, standard deviations (SD) and ranges (minimum, maximum) of lateral cephalometric parameters with no signifi cant 
gender differences of 82 Kuwaiti boys and 80 Kuwaiti girls with almost ideal occlusion (Kuwaiti norms), and similar parameters from 
the respective original articles (published norms) on the common lateral cephalometric analysis systems (references)

Parameter Kuwaiti norms Published norms References

mean 8 SD min max mean 8 SD min max

Skeletal
A–P angular, degrees

SNA 83.0483.60 75.4 93.0 82.0183.89 N/A N/A Riedel [7]
SNB 79.4483.40 70.6 89.6 79.7783.69 N/A N/A Riedel [7]
ANB 3.6082.16 –2.0 8.3 2.0481.81 N/A N/A Riedel [7]
FH/NPg 86.8483.09 77.9 95.7 87.8083.57 82.0 95.0 Downs [6]
NA/APg 6.5185.51 0.0 20.6 0.0085.09 –8.5 10.0 Downs [6]

A–P linear, mm
Wits1 –0.4882.36 –6.4 4.9 0.5981.84 –4.5 4.0 Jacobson [12]
A–N Perp –0.2083.29 –8.9 7.5 0.508N/A N/A N/A McNamara [13]
Pg–N Perp –5.8085.67 –23.8 9.2 –4.148N/A N/A N/A McNamara [13]
(Co–Gn)–(Co–A)1 24.9083.55 15.4 34.9 23.9283.80 N/A N/A McNamara [13]
Pg–NB 0.8281.50 –3.6 6.0 2.0082.00 N/A N/A Bell et al. [14]

Vertical angular, degrees
MP/FH 26.5584.84 14.3 40.9 21.9083.24 17.0 28.0 Downs [6]
MP/SN 33.4985.39 18.0 55.0 31.7185.19 N/A N/A Riedel [7]
MP/PP 24.7885.06 10.7 41.7 25.0086.00 N/A N/A Björk and Skieller [1]
SGn/FH 60.0583.29 51.7 70.1 59.4083.82 53.0 66.0 Downs [6]
NSAr 122.7385.12 109.5 136.5 124.0085.00 N/A N/A Björk and Skieller [1]

Dental
Angular, degrees

U1/SN 107.1786.04 91.4 120.8 103.9785.75 N/A N/A Riedel [7]
U1/NA 24.1485.77 9.2 40.5 22.008N/A N/A N/A Steiner [10]
L1/NB 30.2485.31 14.2 47.9 25.008N/A N/A N/A Steiner [10]
L1/MP 97.3185.69 82.8 115.8 91.4083.78 83.0 98.5 Downs [6]
L1/FH 56.1486.09 37.1 76.4 68.208N/A 60.0 75.0 Tweed [8]
U1/L1 122.0488.19 98.3 147.1 135.4085.76 130.0 150.5 Downs [6]

Linear, mm
U1–NA 4.5782.03 –0.5 10.8 4.008N/A N/A N/A Steiner [10]
U1–APg 6.9182.09 2.2 14.0 2.7083.05 –1.0 5.0 Downs [6]
L1–NB 6.4082.40 0.8 13.7 4.008N/A N/A N/A Steiner [10]
L1–APg 3.9582.04 0.1 10.3 1.0082.00 N/A N/A Ricketts [11]
(L1–NB)–(Pg–NB)2 5.5883.46 –3.8 17.4 0.008N/A N/A N/A Holdaway [9]

1 The published norms are averages of Jacobson’s [12] and McNamara’s [13] gender-specifi c parameters. 
2 The fi gure listed in column Published norms is commonly used although it is not formally published [9].
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uted to an increase in confi dence of our fi nding that the 
relative dental protrusion of adolescent Kuwaitis is of 
clinical signifi cance. 

 While the effective length of each jaw appears to be 
shorter in adolescent Kuwaitis when comparing with Mc-
Namara’s  [13]  norms for the same age group ( table 2 ), the 
difference in relative jaw length is clinically similar ( ta-
ble 1 ). The latter fi nding may be consistent with the fact 
that the adolescent Kuwaiti norms for relative progna-
thism are clinically similar to those of Riedel  [7] , McNa-
mara  [13] , Downs  [6] , and Jacobson  [12]  ( table 1 ). The 
clinically signifi cant increase in profi le convexity among 
adolescent Kuwaitis compared with the norm of Downs 
 [6]  may be explained by the tendency for reduced chin 
prominence in Kuwaitis, as well as to possible differ-
ences in vertical dimensions. The norm for the distance 
Pg–NB was originally proposed by Holdaway  [9]  but nev-
er formally published. We therefore used the fi gure sug-
gested by Bell et al.  [14]  for clinical comparisons ( table 
1 ). However, we did use Holdaway’s  [9]  proposed norm 
that the distances L1–NB and Pg–NB should be equal. 

 Adolescent Kuwaitis have a steeper mandibular plane 
when comparing with the norms of Downs  [6]  ( table 1 ). 
While this fi nding may suggest a reduced potential for 
forward mandibular growth rotation and may be support-
ed by the tendency for reduced chin prominence, it is not 
consistent with a y-axis angle close to the norms of Downs 
 [6]  ( table 1 ). Our fi nding that the lower facial height of 
adolescent Kuwaitis is similar to McNamara’s  [13]  ado-

lescent norms despite the fact that the effective length of 
each jaw is smaller ( table 2 ) may be interpreted as a rela-
tive increase in lower facial height, indirectly supporting 
a reduced potential for anterior growth rotation. How-
ever, in comparison to Riedel’s  [7]  norm for angle MP/
SN, adolescent Kuwaitis appear only to have a tendency 
for an increase in vertical dimensions, and the vertical 
relationships appear close to the norm of Björk and 
 Skieller  [1]  for angle MP/PP ( table 1 ). 

 Our fi ndings are consistent with previous suggestions 
that Arab dentitions are more protrusive than according 
to the norms for Americans of European decent  [24, 28] . 
The only exception in this respect is the U1–NA distance, 
which is similar to Steiner’s  [10]  norm ( table 1 ). One ex-
planation may be that the tendency for a reduction in 
relative mandibular prognathism according to Riedel’s 
 [7]  ANB angle in adolescent Kuwaitis ( table 1 ) is associ-
ated with some compensatory retroclination of the max-
illary incisors. This explanation may be supported by the 
fact that the increase in mandibular incisor inclination is 
considerably larger than that of the maxillary incisors 
when comparing with the common norms. The large in-
crease in proclination and protrusion of the mandibular 
incisors in adolescent Kuwaitis relative to the published 
norms ( table 1 ) suggests that a signifi cantly larger propor-
tion of adolescent Kuwaiti patients should be treated 
without extraction when using the present Kuwaiti norms 
as standards than indicated if comparing to the published 
norms.  

Table 2. Means, standard deviations (SD) and ranges (minimum, maximum) of lateral cephalometric parameters 
with signifi cant gender differences (p < 0.001) of 82 Kuwaiti boys and 80 Kuwaiti girls with almost ideal occlu-
sion (Kuwaiti norms), and similar parameters from the respective original articles (published norms) on the com-
mon lateral cephalometric analysis systems (references)

Parameter Kuwaiti norms Published norms Reference

mean 8 SD min max mean 8 SD min max

Skeletal
A–P linear, mm

Co–A boys 83.3684.18 66.4 95.1 87.5883.2 N/A N/A McNamara [13]
Co–A girls 79.1884.37 63.2 92.4 84.7382.7 N/A N/A McNamara [13]
Co–Gn boys 108.2685.06 87.8 122.1 110.9584.3 N/A N/A McNamara [13]
Co–Gn girls 104.0885.34 84.5 119.2 109.3985.0 N/A N/A McNamara [13]

Vertical linear, mm
ANS–Me boys 63.0584.63 50.6 74.2 61.4683.9 N/A N/A McNamara [13]
ANS–Me girls 59.6784.45 49.7 72.8 60.3584.9 N/A N/A McNamara [13]

N/A = Not available.
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 We confi rm that the linear jaw dimensions differ be-
tween adolescent boys and girls  [13] , necessitating gen-
der-specifi c norms regarding effective maxillary and 
mandibular length as well as lower anterior facial height 
for adolescent Kuwaitis ( table 2 ). However, our fi ndings 
do not suggest any gender differences in angular skeletal 
dimensions, relative jaw positions, or dentoalveolar di-
mensions at the time of early adolescence ( table 1 ). 

 It should be stressed that our norms for incisor inclina-
tion and position only apply to adolescent Kuwaitis with 
skeletal relationships close to the normative values. Our 
fi ndings show that Kuwaiti children have the potential 
for natural development of an almost ideal occlusion with 
inclination of the mandibular plane ranging from 18 to 
55 degrees relative to the anterior cranial base, with a 
relative difference in prognathism of the anterior outline 
of the apical jaw bases ranging for negative 2 to more than 
8 degrees, as well as with a profi le ranging from straight 
to a convexity of about 20 degrees. Given the document-
ed differences in dentoalveolar compensations concomi-
tant with different directions of maxillomandibular trans-
lation during growth and development  [1] , incisor posi-
tion and inclination are likely to be very different in 
subjects with skeletal morphology of either extreme. Ac-
cordingly, attempts should be made at exploring the need 
for establishing different dentoalveolar norms for differ-
ent patterns of skeletal morphology. 

 Steiner’s  [10]  acceptable compromises in position and 
inclination of the incisors call for adjustment of the incli-
nation of the maxillary central incisor relative to the NA 
reference line and the inclination of the mandibular inci-
sor relative to the NB reference line by 1 degree for every 
degree increase or decrease in ANB angle. However, our 
fi ndings may be used to challenge this concept, since in 
our sample of adolescent Kuwaitis with natural develop-
ment of almost ideal occlusion the ranges of angles U1/
NA and L1/NB were 21 and 34 degrees larger, respec-
tively, than the range of angle ANB. Similarly, the varia-
tion of about 30 degrees in inclination of the mandibular 
incisors to the Frankfort Plane ( table 1 ) among the sub-
jects in our sample suggests that Tweed’s  [8]  norm for 
mandibular incisor compensation to different skeletal de-
viations may be challenged. 

 Clinicians frequently recommend combined ortho-
dontic and surgical treatment as the optimal option in 
patients with large skeletal discrepancies. However, our 
fi ndings may be used to challenge that justifi cation unless 
specifi c skeletal patterns are associated with impaired fa-
cial esthetics. Accordingly, attempts should be made at 
exploring how patients, parents, the laity, and members 

of the dental profession perceive the impact of differ-
ences in skeletal morphology on facial esthetics in sub-
jects with favorable occlusal development. 

 Conclusions 

 The large increase in proclination and protrusion of 
the mandibular incisors in our representative sample of 
adolescent Kuwaitis with natural development of almost 
ideal occlusion suggests that a signifi cantly larger propor-
tion of adolescent Kuwaiti patients should be treated 
without extraction when using the present Kuwaiti norms 
relative to what may be indicated when compared to pre-
viously published norms. Our fi ndings also indicate that 
the variation in skeletal relationships among subjects 
with satisfactory occlusal compensations is larger than 
previously documented, suggesting a need for establish-
ing different norms for incisor inclination and protrusion 
for different skeletal patterns. 
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