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ABSTRACT 

The aim of this study was to establish Cephalometric2-8 norms for Pakistani sample using 
Vertical Reference Plane (VP) as a stable reference plane in an attempt to relate dentition, jaws and 
overlying soft tissues and to identify possible correlations between all investigated measurements. 
The subjects included 25 males (mean age 15.28+3.04 years) and 25 females (mean age 15.41+ 
2.42) reported at Punjab Dental Hospital with Angle's Class I occlusion and Orthognathic Profile. 
Seventeen linear measurements were determined on each radiograph. For each variable, the 
arithmetic mean, the standard deviation, variance, range and the minimum and maximum values 
were calculated. For statistical evaluation, t-test was performed. The Pearson product-moment 
correlation coefficient was calculated to indicate the relationship between all investigated linear 
dimensions. Norms utilizing the Vertical Reference Plane (VP) as a stable reference plane, drawn 
perpendicular to SN plane at the intersection of anterior walls of sella turcica and anterior clinoid 
processes were established. Of the 17 craniofacial measurements, 14 showed significant sexual 
dimorphism. All investigated measures were higher in males than in females. Statistically significant 
correlations were determined in most measurements. This analysis will have clinical implications in 
rationalizing the treatment planning as it relates the dentition & jaws with the overlying soft tissues 
in a comprehensive way. 
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INTRODUCTION 

Orthodontics has recently been defined as a branch 
of dentistry aimed to create a delicate balance between 
aesthetics and occlusion. There is thus a shift from 
treating the dentitions to treating the skeletal dishar-
mony and now to treating faces. Concept of "retro-
engineering" has thus been popularized when planning 
cases for treatment i.e. Planning the face first, designing 
dental movements to facilitate the desired facial 
outcome, and using integrated cephalometrics and facial 
images to quantify the therapeutics1. 

Facial form has been analyzed by various orthodon-
tic investigations in attempts to relate the soft tissue  

profile to the underlying hard tissue and dentition. 
Researchers, including Ricketts ,2 Steiner,3-5 
Burnstone,6 and Holdway7soon recognized the need 
for special cephalometric techniques to evaluate soft 
tissue, over and above the established Skeletal and 
dental analysis. Other investigators8,9 clearly 
demonstrated that although the overlying soft tissue 
does not always reflect the underlying dentoskeletal 
pattern, there is some association between the amount 
of tooth movement and the resultant soft tissue 
changes. Though their attempts were helpful in 
planning the faces but none of these analyses was able 
to relate the 3-factors (dentition, jaws and soft tissue) 
comprehensively. 
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Another important thing was to find a reference 
plane least affected by environmental factors that 
could relate the dentition and hard tissue to the 
overlying soft tissue. McNamara10 used Frankfurt 
Horizontal plane (FHP) in his analysis while Arnett et 
al" used True Vertical Line (TVL) to relate dentition 
and jaws with the overlying soft tissue in his Soft 
Tissue Cephalometric Analysis (STCA). Though the 
methods are good but are dependent greatly on the 
exact identification of FHP and True horizontal plane 
respectively. 

Kamran AI et12 al used Vertical Reference Plane 
(VP) in their study to examine the effects of RPE on the 
soft tissues. The Vertical Reference plane was drawn 
as a perpendicular line to the SN plane from the 
intersection of the anterior walls of salla turcica and 
the anterior clinoid processes. 

SN plane doesn't show any change after 7-8 years 
of age and moreover anterior wall of Sella is considered 
as the most stable structure by many researchers. 
This plane is thus a part of many Cephalometric 
analyses3,8 and is even used as a reference plane for 
growth prediction and serial cephalometric 
superimpositions. They thus constructed Vertical to 
this stable plane the Vertical Reference Plane (VP) and 
used this least affected vertical reference plane in their 
research. Their study was not aimed at establishing 
norms with the VP plane. 

Aim of our study is to use Vertical Reference Plane 
(VP) as a stable plane of reference in an attempt to 
relate dentition and hard tissue with the overlying soft 
tissues in a selected Pakistani sample. 

Purpose of this study is to 

• Use Vertical Reference Plane (VP) as a stable 
plane of reference to establish norms in a 
selected Pakistani sample in an attempt to 
relate dentition and hard tissue with the 
overlying soft tissues. 

• Establish gender difference for the 
values used in the analysis. 

MATERIALS AND METHODS 

The study was conducted on 50 subjects (25 fe-
males, 25 males) who reported at de`Montmorency 
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College of Dentistry / Punjab Dental Hospital, 
Lahore. Subjects with good profiles and fairly good 
occlusion (Angle Class I) with age range of 14-18 
years were selected. 

Exclusion criteria includes: 

1 Children with cranio-facial syndrome (clefts, 
Apert's syndrome, Cleido-cranial dysplasia, 
Pier Robbins syndrome e.t.c) 

2 Children with facial asymmetry 

3 Children with CO-CR shift 

4 Children with supernumerary or congenitally 
missing teeth 

5 Children who were already undergoing 
with orthodontic treatment 

6 Children with functional mandibular shift 

Sample was collected using the non-probability 
convenience sampling technique. 

Lateral Cephalogram was taken in natural head 
position for each subject. Lateral Cephalogram was then 
traced and analyzed for each patient. Four parameters 
were used to evaluate sagittal relationship13,14 two 
parameters were used to assess the dental pattern of 
malocclusion15,16, six parameters were used to assess 
the profile and lip status17,18and five parameters were 
used to relate the soft tissue parameters with the 
underlying dental and Skeletal parameters. (Table 1, Fig 
1, 2, 3 & 4). All parameters were assessed with reference 
to Vertical Reference plane. 

STATISTICAL METHOD 

SPSS 10.0 was used for statistical evaluation 

1 Mean, Standard Deviation, Variance, Mini-
mum & Maximum value and Range were 
calculated for each subject. 

2 Correlation coefficients between the various 
parameters were calculated using Pearsons 
correlation. 

3 Paired sample t-test was used to compare 
parameters among males and females 
for statistical difference. 



 TABLE 1: CEPHALOMETRIC LANDMARKS, 
LINES & PLANES 

Landmark Definition 
S (sella) Midpoint of Sella Turcica 

N (nasion) The intersection of the 
inter-nasal suture with the 
nasofrontal suture in the 
midsagittal plane 

SN Plane Sella-nasion plane, the line 
connecting Sella and Nasion 

VP Vertical Reference Plane, line 
perpendicular to SN plane 
from the intersection of ante-
rior walls of sella turcicaand 
the anterior clinoid process 

Point A The deepest midline point on 
the premaxilla between the 
anterior nasal spine and 
prosthion 

Point B The most posterior point in 
the concavity between 
infradentale and pogonion 

Pog (Pogonion) Anterior most point on the 
bony chin 

Ul Upper Incisor 

L1 Lower Incisor 

Pn Pronasale, most prominent 
point of nose 

As Soft Tissue Point A 

Ls Labious Superiorus 

Li Labious Inferiorus 

Bs Soft Tissue Point B 

Pos Soft Tissue Pogonion 
 

4 Paired t test was used to assess method error by 
retracing 15 Cephalograms and comparing 
original values with retraced values. 

RESULTS 

The chronological age range of the sample was 1418 
years, with a mean age of 15.33+ 2.10 years. The sex 
distribution was 25 males (50%) and 25 females (50%). 
The mean age of male patients was 15.28+ 3.04 years 
and mean age offemale patients was 15.41+ 2.42 years. 

The intra-examiner errors of measurements for all 
parameters were statistically insignificant (p-value< 

Fig 1. Skeletal Cephalometric Analysis 

 
5 VP-Ul  
6 VP-L1 

Fig 2. Dental Cephalometric Analysis 
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1 VP-A 
2 VP-B 
3 VP-A — VP-B 
4 VP-Pog 



  

Fig 3. Soft Tissue Cephalometric Analysis 
Fig 4. Values Relating Dentition and Jaws with 

the overlying Soft Tissue 

TABLE 2: DESCRIPTIVE STATISTICS 

(TOTAL) n=50 

Parameters Range Minimum Maximum I Mean SD Variance 
VP-A 13.00 53.00 66.00 60.5600 3.7913 14.374 
VP-B 13.00 40.00 53.00 46.2800 3.2106 10.308 

VP-A - VP-B 10.00 9.00 19.00 14.2800 2.7100 7.344 
VP-Pog 12.00 41.00 53.00 45.8400 3.5649 12.709 
VP-Ul 12.00 53.00 65.00 60.9200 3.6692 13.463 
VP-L1 13.00 51.00 64.00 58.0400 3.3133 10.978 
VP-Pn 13.00 87.00 100.00 94.8800 4.3267 18.720 
VP-As 13.00 65.00 78.00 72.6400 3.789 14.358 
VP-Ls 13.00 65.00 78.00 73.4000 4.3799 19.184 
VP-Li 15.00 62.00 77.00 70.2800 4.8447 23.471 
VP-Bs 12.00 53.00 65.00 57.0800 3.1418 9.871 
VP-Pos 14.00 52.00 66.00 57.3600 4.1293 17.051 
Sls-A 5.00 12.00 17.00 15.1600 1.6581 2.749 

Ls-U1 7.00 9.00 16.00 12.7600 2.0659 4.268 
Li-L1 5.00 12.00 17.00 14.5800 1.4546 2.116 
lls-B 4.00 10.00 14.00 11.9200 0.986 0.974 

Pos-Pog 8.00 8.00 16.00 12.8000 1.9588 3.837 
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7 VP-Pn 
8Ils-Bs 
9 VP-Ls 
10 VP-Li 
11 VP-Bs 
12 VP-Pos  

13 Sls-A 
14 Ls-Ul 
15 Li-L1 
16 Its-B 
17 Pos-Pog 

17 



 

 

TABLE 3: DESCRIPTIVE STATISTICS (MALE) 

Male n=25 

TABLE 4: DESCRIPTIVE STATISTICS (FEMALE) 

Female n=25 
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Parameters Range Minimum Maximum Mean SD Variance 
VP-A 6.00 60.00 66.00 63.5200 1.7823 3.17 
VP-B 11.00 42.00 53.00 47.2200 2.7767 7.71 

VP-A -VP-B 11.00 10.00 19.00 16.300 2.4300 5.90 
VP-Pog 12.00 41.00 11.00 47.4800 3.3803 11.42 
VP-Ul 9.00 56.00 12.00 62.6800 2.5120 6.31 
VP-L1 10.00 54.00 64.00 59.2400 2.350 5.52 
VP-Pn 11.00 89.00 100.00 97.1600 3.6706 13.47 
VP-As 12.00 66.00 78.00 74.3200 2.8390 8.06 
VP-Ls 
VP-Li 
VP-Bs 
VP-Pos 
Sls-A 
Ls-U1 
Li-L1 
lls-B 

Pos-Pog 

12.00 66.00 78.00 75.7600 2.8472 8.10 
11.00 66.00 77.00 73.8400 3.4723 12.05 
10.00 55.00 65.00 59.0400 2.8647 8.20 
12.00 54.00 66.00 59.3200 3.7274 13.89 
4.00 13.00 17.00 15.6000 1.1902 1.41 
3.00 12.00 15.00 13.8400 1.1431 1.30 
4.00 13.00 4.00 15.0200 1.0555 1.11 
3.00 11.00 14.00 12.4400 .8699 .75 
7.00 8.00 15.00 12.6400 2.2151 4.90 

 

Parameters Range Minimum Maximum Mean SD Variance 

VP-A 9.00 53.00 62.00 57.6000 2.8137 7.91 
VP-B 12.50 40.00 52.50 45.3400 3.3903 11.49 

VP-A -VP-B 8.00 9.00 17.00 13.100 2.9300 8.58 
VP-Pog 10.00 41.00 51.00 44.2000 2.9861 8.91 
VP-Ul 12.00 53.00 65.00 59.1600 3.8371 14.72 
VP-L1 12.00 51.00 63.00 56.8400 3.7269 13.89 
VP-Pn 11.00 87.00 11.00 92.6000 3.7305 13.91 
VP-As 13.00 65.00 78.00 70.9600 3.9209 15.37 
VP-Ls 
VP-Li 
VP-Bs 
VP-Pos 
Sls-A 
Ls-U1 
Li-L1 
lls-B 
Pos-Pog 

12.00 65.00 77.00 71.0400 4.4110 
10.00 62.00 72.00 66.7200 3.0757 
7.00 53.00 60.00 55.1200 1.9858 
13.00 52.00 65.00 55.4000 3.5940 
5.00 12.00 17.00 14.9600 1.9035 
7.00 9.00 16.00 11.9200 2.2346 
5.00 12.00 17.00 14.4000 1.7795 
4.00 10.00 14.00 11.7200 1.0214 
6.00 10.00 16.00 12.8000 1.7795 

 

19.45 
9.46 
3.94 
12.91 
3.62 
4.99 
3.16 
1.04 
3.16 



 

TABLE 5: COMPARISON OF MEANS AND 
STANDARD DEVIATIONS OF CEPHALOMETRIC 

MEASUREMENTS IN MM 

198 

0.5). The structures located in the Lateral cephalomet-
ric analysis were generally well visualized on the 
cephalograms. Table 2 shcephalometricl cephalomet-
ric combined norms, standard deviations, variance, 
range and minimum and maximum values of the 17 
linear measurements for selected sample using the 
Vertical Reference Plane (VP). Graph 1 

The following results were obtained through the 
paired t test applied to compare the measurement 
differences between males and females. Table 3 and 4 
presents the descriptive statistic results of the 
measurements for the samples of adult males and 
females while Table 5 represents measurements that 
show statistically significant sexual dimorphism. 
Graph 2 

To study the correlations between each of the 17 
measurements, Pearson correlation coefficients were 
calculated. Correlation coefficients of all parameters 
are shown in Table 6. VP-UI was highly correlated 
with VP-LI (r=0.940). The lowest correlation was deter-
mined between VP-Pog and Pos-Pog (r=0.048). 

Parameters Sex Mean SD P-Value 

VP-A M 63.5200 1.7823 0.000 
 F 57.6000 2.8137  

VP-B M 47.2200 2.7767 0.059 
 F 45.3400 3.3903  

VP-A - VP-B M 16.300 2.4300 0.000 
 F 13.100 2.9300  

VP-Pog M 47.4800 3.3803 0.001 
 F 44.2000 2.9861  

VP-Ul M 62.6800 2.5120 0.001 
 F 59.1600 3.8371  

VP-L1 M 59.2400 2.350 0.005 
 F 56.8400 3.7269  

VP-Pn M 97.1600 3.6706 0.000 
 F 92.6000 3.7305  

VP-As M 74.3200 2.8390 0.002 
 F 70.9600 3.9209  

VP-Ls M 75.7600 2.8472 0.000 
 F 71.0400 4.4110  

VP-Li M 73.8400 3.4723 0.000 
 F 66.7200 3.0757  

VP-Bs M 59.0400 2.8647 0.000 
 F 55.1200 1.9858  

VP-Pos M 59.3200 3.7274 0.002 
 F 55.4000 3.5940  

Sls-A M 15.6000 1.1902 0.100 
 F 14.9600 1.9035  

Ls-U1 M 13.8400 1.1431 0.001 
 F 11.9200 2.2346  

Li-L1 M 15.0200 1.0555 0.136 
 F 14.4000 1.7795  

Lls-B M 12.4400 .8699 0.013 
 F 11.7200 1.0214  

Pos-Pog M 12.6400 2.2151 0.770 
 F 12.8000 1.7795  
 



TABLE 6: CORRELATION COEFFICIENTS OF ALL PARAMETERS 
Correlations 

 
VP-A VP-B VP-Pog VP-U1 VP-L1I VP-Pn VP-As VP-Ls VP-Li VP-

 
VP-Pos 

LS-U 
1 Li-L1 Pos-Pog Sls-A Ils-B 

VP-A 1.000 .540" .683" .731" .612" .683" .654" .522" .771" .685" .560" .507* .391" .092 .187 .252 
VP-B .540" 1.000 .849" .754" .778" .314* .641" .149 .444" .560 .666" .321' .008 .136 .145 .123 
VP-Pog .683** .849" 1.000 .785" .681" .557" .715" .276 .615" .756" .786" .377" .140 .048 .212 .286' 
VP-U1 .731" .754' .785" 1.000 .940" .670" .887" .523" .787 .659" .651" .439' .307' .083 .378" .325' 
VP-L1 .612" .778' .681" .940" 1.000 .564" .817" .381" .681" .486" .527" 437" .211 .152 .281' .351' 
VP-Pn .683** .314' .557" .670" .564" 1.000 .809" .765" .860" .637** .491" .604" .504** .089 .589** A57" 
VP-As .654" .641" .715" .887" .817" .809" 1.000 .614" .808" .596" .548" .484" .409" .117 .568" .309' 
VP-Ls .522" .149 .276 .523" .381" .765" .614" 1.000 .768" .641" .400" .439" .549** .114 .626" .187 
VP-Li .771" .444" .615" .787" .681" .860" .808" .768" 1.000 .744" .640" .549" .504" .144 .528" .287' 
VP-Bs .685" .560" .756" .659" .486" .637" .596" .641" .744" 1.000 .822" .380" .333' .016 .287' .266 
VP-Pos .560" .666" ..786 .651" .527" .491" .548" .400" .640" .822" 1.000 .331' .216 .186 .325' .137 
Ls-U1 .507" .321' .377" .439" .437" .604" .484" .439" .549" .380" .331' 1.000 .686" .533" .571" .671" 
Li-L1 .391" .00Mc

  

.140 .307' .211 .504" .409" .549" .504" .333' .216 .686" 1.000 .342' .663" .431" 
Pos-Pog .092 .136 .048 .083 .152 .089 .117 .114 .144 .016 .186 .533" .342' 1.000 .224 .203 
Sls-A .187 .145 .212 .378" .281' .589" .568" .626" .528" .287' .325' .571" .663" .224 1.000 .158 
Ils-B .252 .123 .286' .325" .351' .457" .309' .187 .287' .266 .137 .671" .431" .203 .158 1.000  

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

DISCUSSION 

The aim of this study was to establish norms for 
Pakistani sample ranging between 14-18 years with a 
mean age of 15.33 years using the Vertical Reference 
Plane (al12as a stable reference plane. Vertical Refer-
ence Plane (VP) was drawn as a perpendicular line to a 
stable horizontal reference plane i.e. SN plane at the 
junction of anterior border of sella turcica and anterior 
cl<UIPal,ocess. Different cephalometric analyses have 
been used worldwide and in Pakistan to establish norms 
and to relate dentition and jaws to the overlying soft 
tissue however the analysis under study have never been 
used to establish norms. The study was conducted with 
an attempt that thal12tudy might help in relating the 3 
components (dentition, jaws and soft tissue) in a more 
professional way so that diagnosis and treatment 
planning can be done giving due consider- 

 

ation to facial profile. 

Different cephalometric analyses used different 
parameters to assess sagittal skeletal discrepancy. 
Steiners3-5 used ANB angle, Downs8 used A-B plane 
angle, Jacobsons13,14 used wits appraisal, Chang15 used 
AFB angle, Freeman16 used AF-BF distance, Nanda RS 
& Merrill RM17 used App-Bpp distance, McNamaral 
used Mc difference and Polk18 used ANB+AOBO Index, 
to assess sagittal discrepancy. In this study VP-A 
(60.56+3.79 mm), VP-B (4Methods201 mm), VP-Diff 
(13.60+2.69) and VP-Pog VP-L11+3.56 mm) were used 
to assess the anteroposterior skeletal discrepancy. Kamran 
AI et al in their study on 20 patients to compare effects 
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of RPE on various parameters found that VP-A after 
expansion was 52.79+6.47, VP-B was 38.29+8.51 and 
VP-Pog was 39.37+11.54 mm. Statistically significant 
difference was found for the parameters when com-
pared with our study. Difference between the param-
eters among the two studies was might be due to the 
fact that study of Kamran AI et a112 was not aimed for 
establishing norms and moreover their sample was not 
Angle class I & good profile. 

Researchers2,3,10,19 in past have used different pa-
rameters to assess d.457*l pattern e.g. <UI-SN, <UIPal, 
<UI-NA, UI-NA distance and Point A vert. to UI for 
maxillary incisors and <LI-NB, LI-NB distance, IMPA 
and LI-Apo line for mandibular incisors. In our study 
dental pattern for maxillary incisors was assessed by VP-
UI (60.92+3.67 mm) and for lower incisors by VP-LI 
(58.04+3.31 mm). Kamran AI et a112 in their study 
found that VP-UI after expansion was 53.52+7.09 and 
VP-LI was 48.28+7.40 mm Statistically significant 
difference was found for the parameters when compared 
with our study. 

In this study the same Vertical Reference Plane 
(VP) was used to assess the profile of the patient. This 
gave an advantage over the rest of the analyses that 
have different reference 431**es for hard tissues & soft 
tissues and thus were unable to compare the 3 compo-
nents (dentition, jaws & soft tissues) properly. Nose 
prominence was assessed by VP-Pn (94.88+4.32 mm) 
in this study while Powers an.325*s, Baum's Method, 
Goode's Method and Simmons Methods2° have 
been**. 



used in the past to assess the same. Lips for the 1' 
time were assessed without any dependence on nose 
prominence and chin projection with (VP) in our study. 
E-line, S-line & H-lines has been criticized for this 
dependence in the past by several researchers. We also 
assessed Soft tissue A point, soft tissue B point & soft 
tissue chin in this study (VP-As, VP-Bs & VP-POs). 
These points have never been assessed before in any 
study. 

In this study upper lip thickness was assessed at 
two different points by two linear measurements i.e. 
distance between bony point A & soft tissue point A and 
upper incisor to most prominent point of upper lip (Sis- 
A & Ls-UI). Similarly lower lip thickness was assessed at 
two different points by two linear measurement i.e. 
distance between bony point B & soft tissue point B and 
lower incisor to most prominent point of lower lip (IIs- 
B & Li-LI). Theses values help to assess the lip thick-
ness, lip strain & effect of incisor inclination on lips. 

Soft tissue chin thickness has been assessed by 
finding linear distance between bony pogonion and soft 
tissue pogonion(POs-Pog) as thin soft tissue or thick 
chin amount can aggravate or mask malocclusions. 

Kamran AI et al12 in their study on 20 patients 
compared effects of RPE on various parameters using 
the (VP). Statistically significant difference was found 
for all parameters when compared with our study. 
Difference between the parameters among the two 
studies was might be due to the fact that study of 
Kamran AI et al 12 was not aimed for establishing 
norms and moreover their sample was not Angle class 
I and good profile. 

This analysis will help in relating dentition and 
jaws with the overlying soft tissues and thus helps in 
proper diagnosis and facial planning. This approach 
of facial planning might have a drastic impact on the 
treatment approach and treatment may shift from 
Orthognathic Surgery to Surgical Camouflage. 

CONCLUSION 

Norms for Pakistani sample using the Vertical 
Reference Plane (VP) were determined. This analysis 
will have clinical implications in rationalizing the 
treatment planning as it relates the dentition and 
jaws with the overlying soft tissues in a comprehen-
sive way. 
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Most of the cephalometric linear measurements 
showed statistically significant sex difference. Com-
parisons between males and females indicated higher 
measurements for males in all linear measurements. 
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