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Abstract.                                                                                                                                                         

Background: Space closure as an important step in orthodontic treatment requires an appropriate force system. Active 

tiebacks and Nickel titanium closed coil springs are two methods of force systems available. This study aimed to evaluate 

and compare the rates of space closure using both methods in premolar extraction cases.

Methods: This was a comparative clinical study with a split-mouth design carried out in the Orthodontic Clinics of Lagos 

University Teaching Hospital (LUTH) and Lagos State University Teaching Hospital (LASUTH), Lagos, Nigeria between 

July 2018 and July 2019. Patients who required the closure of first premolar extraction spaces as part of their treatment plan, 

who met the inclusion criteria and gave informed consent, were randomly recruited for the study. Fifteen subjects having 

forty-two quadrants were recruited in total. The rate of space closure with Nickel titanium [NITI] closed coil springs and 

Active tiebacks and a comparison between the two rates were evaluated. 

Results: The participants in this study were within the age range of 13-39 years with a mean age of 23.13±9.37 years; 12 

(80%) of the subjects were females and 3(20%) were males. The mean rate of space closure with NITI closed coil springs 

was faster at 1 mm/month when compared to 0.75mm/month for active tiebacks.

Conclusion: Space closure with NITI closed coil spring was significantly greater than Active tiebacks by 0.25mm/month. (p 

= 0.002) with a confidence interval of 95%. Thus, NITI closed coil spring may be considered a preferred option in various 

clinical scenarios.

Keywords: Rate of space closure, Nickel Titanium closed coil springs, Active tiebacks
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Extraction Cases
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Introduction

orrection of malocclusions in orthodontics 

Crequires the extractions of premolars to 

achieve ideal treatment goals such as facial 

aesthetics, balanced occlusion, and post-treatment 
1-3

stability.  

The clinician must properly manage these premolar 

extraction sites with a known force system to ensure a 

balanced occlusion and avoid relapse at the end of 

treatment.
1,4

Active tiebacks and Nickel titanium closed coil 

springs are examples of force systems used by 
 5-12clinicians to close premolar extraction spaces.  To 

the best of my knowledge there is no study to date 

among Nigerians where the rate and a comparison 

between the rates of the two force systems have been 
5-7evaluated.  Studies previously conducted have 

indicated Nickel titanium closed coil springs to have 

a more consistent and significantly higher rate of 
6,7,13space closure than Active tiebacks,  however, 

6,7,13different rates have been documented.  
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Active tiebacks are known to be cheap, easy to clean, 

and easy to place, thus, it has the advantage of being 
14delegated during busy clinical hours.  They also 

produce lower forces (200g range) which creates less 

tipping and less archwire deflection and ultimately 

reduces friction to permit a more effective space 
15-17closure.  Although they must be replaced every 4-6 

18weeks due to their ability to retain plaque  and due to 

a force loss of 50 to 70% in the first 24 hours 

intraorally followed by a more steady and stable force 
14,19-21decay of 10 to 20% in the first 4 weeks.  Despite 

these variations in force levels they are widely 
5-7,22,23 accepted for effective space closure. 

Nickel-titanium (NITI) closed coil springs gained 

popularity in orthodontics after the introduction of 
24nickel-titanium alloy in 1971.  They were primarily 

made of stainless steel (SS) and cobalt-chromium- 
24nickel (Co-Cr-Ni) alloys.  The uniqueness of the 

Nickel Titanium alloy can be seen in its ability to 

transition between two phases - martensitic 

(flexible/low temperature) and austenitic (stiff/high 
25temperature) phase and this transition permits for 

shape memory and super elasticity; properties not 
24,26found in any other dental materials.

Nickel-titanium closed coil springs have the 

advantage of not exhibiting the rapid force decay 
25,27seen with elastomers (elastic modules),  nor do 

they display the extremes in space closing forces of 
28stainless steel coils or closing loops.  Their use also 

does not require reliance on patient cooperation, as 
7does the interarch elastic wear  and they produce a 

faster rate of space closure due to the constant force 
5,6,24produced by their super elasticity. Thus, their use 

for physiologic orthodontic tooth movement is 
7,12,15,24,29-31highly recommended.

They can also be activated once during space closure 

because the super elastic character of the nickel-

titanium alloy they are made from allows a low, 

constant force to be delivered and maintained over 

32the distance of a whole extraction site.  Thus the 

advantage of reducing chairside time and conserving 
32anchorage.

This study sought to determine the rates of the two 

force systems among Nigerians and compare the 

rates to determine if there was any significant 

difference between the Nickel-Titanium closed coil 

springs and Active tiebacks in the closure of first 

premolar extraction spaces.   

The study generated baseline rates for Nigerians and 

more recent data. It compared the rates generated with 
5-8,10,33

previous studies done amongst Caucasians and 

described in detail the experimental method 
5-8,10,33

employed which previous studies lacked.

Materials and Methods

In this split-mouth study, subjects were selected 

according to the following inclusion criteria 

subjects with good general health. [American Society 

of Anaesthesiologists ASA 1]

(Subjects requiring extraction of first premolars in 

each arch, as in Angles class I: bimaxillary 

proclination cases; increased overjet in Angle's class 

II; mandibular prognathism in Angle's class III, and 

cases with severe crowding.  Subjects who were 

10–19 years old at the start of treatment representing 

the adolescent population and subjects who were 20 

years and above - representing the adult population. 

Subjects with full permanent dentition. Subjects 

undergoing orthodontic treatment with upper and or 

lower pre-adjusted edgewise appliance (Roth 0.22 
®prescription Equilibrium  manufactured by 

Dentaurum) and subjects of Nigerian descent. 

The exclusion criteria included the following: 1. 

Subjects with extra-oral anchorage. Subjects with 

severe skeletal discrepancy requiring orthognathic 

surgery. Presence of craniofacial anomalies, such as 

cleft lip and palate in subjects. Subjects with 

Space closure with active-tieback and Ni-Ti coil springsAdebayo O et al
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impacted teeth, with or without surgical exposure.  

Subjects on self-ligating appliances. Subjects with 

springs that showed permanent deformation at any of 

the recall visits. Subjects who were allergic to latex 

and nickel titanium. Subjects on medications such as 

contraceptives and bisphosphonates. Subjects who 

took non-steroidal anti-inflammatory drugs 

(NSAIDs) e.g. aspirin, ibuprofen, and diclofenac for 

pain, at any of the recall visits. Subjects were 

encouraged ahead of time and at every recall visit not 

to take NSAIDs for pain due to the potential 

confounding effect of slowing down tooth 

movement. They were advised to take paracetamol 

instead.

Ethical approval for the study was obtained from the 

Health Research and Ethics Committee of the Lagos 

University Teaching Hospital and Lagos State Teaching 

Hospital, Ikeja Lagos (ADM/DCST/HREC/APP/2024). 

The protocol for the study was explained in detail to the 

patient. Written and verbal informed consent regarding 

the nature of the study was obtained from both adult and 

adolescent subjects. Informed consent was obtained 

from the adult subjects and from the parents of the 

adolescent subjects whereas assent was obtained from 

the adolescent subjects.

Participants had their first permanent premolars 

extracted after which their teeth were levelled and 

aligned. Levelling and alignment were carried out 

after the initial set-up of both the upper and lower 

arches, or the upper arch only with Roth 0.022 

brackets by Dentaurum, with the use of a sequence of 

Nickel-titanium wires. The wire sequence included 

0.014, 0.016, 0.018-inch nickel titanium, and 0.020-

inch stainless steel wires ligated with an elastomeric 

module into the brackets at six weeks interval. After 

the levelling and alignment stage was completed, the 

second stage was commenced by placing working 

arch wires i.e.0.019 x 0.025-inch stainless steel 

archwires with a post (G&H Orthodontics) for one 

month, to allow torque expression to begin. The arch 

wires were passive, and this was confirmed by sliding 

the archwire through the slots of the brackets.

After one month, the working archwire - 0.019 x 

0.025-inch stainless steel archwires (G & H 

Orthodontics) were removed to take clinical 

photographs and alginate impressions with plastic 

stock trays of the upper and/or lower arch before the 

commencement of space closure with Active tie back 

and Nickel titanium closed coil spring on either the 

right or left halves of the subject's dentition via 

randomization in the split-mouth study design.

Randomization was done by balloting once at the 

beginning of space closure by the subject. The papers 

were rolled before the arrival of the subject. The 

random selection of Nickel Titanium closed coil 

springs or active tiebacks was done to achieve within 

patient control with the help of a research assistant. 

Nickel-titanium springs [Medium grade Sentalloy 

(Superelastic Nickel Titanium Alloy) –GAC 

International Inc., Central Islip, N.Y.] or active 
® 

tiebacks with elastomeric modules from [Masel

0.120 unicycle] were allocated to either the right or 

left half of each patient's dentition [Split Mouth] via 

balloting. The patient picked once from a cup of rolled 

papers containing an equal number of NR and AR and 

NL and AL with NR representing Nickel Titanium 

closed coil springs on the right half of the subject's 

dentition; AR representing active tiebacks on the right 

half of the subject's dentition; NL representing Nickel 

Titanium closed coil springs on the left half of the 

subject's dentition; AL representing active tiebacks on 

the left half of the subject's dentition. Thus, a subject 

picking NR signified Nickel-titanium closed coil 

springs on the right half and automatically active 

tiebacks on the left half of the subject's dentition. The 

subject picking AR signified Active tie back on the 

right and automatically Nickel Titanium closed coil 

spring on the left half of the subject's dentition. The 

lettered rolled paper selected by the subject 

Space closure with active-tieback and Ni-Ti coil springsAdebayo O et al
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determined the intervention allocated to the right or 

left half of the subject's dentition; this was applicable 

for all subjects, regardless of the involvement of one 

or both arches. 

This study was a single-blinded study for only the 

subjects were blinded. Each subject was unaware of 

the side to which each intervention was applied.

Before the impression was taken, the brackets were 

smeared with Vaseline® petroleum jelly to act as a 

separating medium in order not to dislodge the 

brackets while the impression was being taken. The 

impressions were taken using appropriately sized 

plastic stock trays under universal infection control 

measures. The alginate impression was gently rinsed 

under running tap water at room temperature to 

remove residual saliva and blood and then shaken 

gently to remove excess water. The impression was 

disinfected by spraying a solution of 0.05% sodium 

hypochlorite prepared with a ratio of 1 in 7 parts 

dilution and stored in a plastic bag for ten minutes. 

The disinfectant was rinsed out after 10 minutes with 

running tap water at room temperature.
® 

The alginate impressions were cast using Gypstone

model stone immediately to prevent dimensional 

changes due to water gain and stored securely for 

measurement. The premolar extraction site on the 

baseline maxillary or mandibular arch casts obtained 

from the impressions taken was measured with 

Tresna digital calliper. This was measured from the 

cusp tip of the canine to the buccal groove of the first 

molar in all quadrants with the Digital Vernier 

Calliper with 0.02 mm accuracy and recorded as T0. 

All measurements on study models were repeated by 

the same operator (the researcher) three times and the 

mean was recorded to eliminate intra-examiner 

variability and measurement error.

The six anterior teeth were tied with a 0.010-inch 

stainless steel wire (G & H Orthodontics) i.e. [figure 

of eight]; the two posterior teeth [first molar and 

second premolar] were also tied with stainless steel 

ligature made of 0.010-inch stainless steel (G & H 

Orthodontics) to reinforce anchorage. Anchorage 

was reinforced to prevent the mesial drift of the first 

molar, which may alter the results obtained during 

space closure by the different interventions. 

 The archwire was then replaced and ligated with 

elastic modules using straight artery forceps to 

commence space-closing mechanics.

The Nickel Titanium closed coil springs were 9mm in 

length with 0.010 x 0.030-inch in diameters. The 

9mm coil springs were used to provide a force of 
®

200g. Forces were measured with a TECLOCK  

force gauge (YDM Corporation Japan).

The Nickel titanium closed coil spring had two 

eyelets at either end. One eyelet was inserted into the 

first molar hook posteriorly whereas the other eyelet 

with a 25mm length of ligature wire (0.010 stainless 

steel ligature) in it was stretched mesially and tied 

anteriorly on the post on the archwire (G & H 

Orthodontics) just distal to the lateral incisor using 

straight artery forceps. A force of 200g was ensured 
® 

with a TECLOCK Force gauge [YDM Corporation 

Japan].

The Nickel Titanium closed coil springs were not 

replaced during treatment, but the force gauge was 

used to ensure a force of 200g at every recall visit and 

it was also ensured there was no kinking or 

deformation of the spring. 

The Active tieback was a force of 200g. This was 
® measured with a Teclock Force Gauge [YDM 

Corporation Japan]. The active tiebacks consisted of 
®an elastomeric module (Masel 0.120) unicycle and a 

25mm length of ligature wire (0.010 stainless steel 

ligature). The module was held with straight artery 

forceps (Orthopli) and inserted into the first molar 

hook, the 0.010 stainless steel ligature has two arms, 

and one arm was placed beneath the 0.019 by 0.025 

stainless steel archwire – (G & H Orthodontics) this 

ensured the stability of the active tiebacks and kept 

Space closure with active-tieback and Ni-Ti coil springsAdebayo O et al
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Table 3A. Conversion Table of Maturity Score to Dental Age for Boys [4]the ligature away from the gingival tissues and helped 

prevent gingival irritation whereas the other arm was 

held straight and was tied around the brass post of the 

archwire with the other arm. The two arms were held 

together around the brass post and the module was 

stretched to twice its original size. The force was 
® measured using a Teclock Force Gauge to provide a 

force of 200g force.

During space closure, subjects were recalled for 

routine reviews at regular intervals with a mean time 

interval of one month, up to a maximum of four visits, 

and alginate impressions were taken at every visit.

At each monthly recall, the active tieback was 

replaced. Oral hygiene maintenance was reinforced 

at each appointment by asking the subject to brush 

after every meal, and the appliances were also 

checked, and subjects were also encouraged not to 

use Non-Steroidal Anti-inflammatory Drugs  for pain 

rather encouraged to use paracetamol instead. Arch 

wires were inspected for any damage; the ends were 

trimmed using a distal-end wire cutter (Orthopli) to 

prevent any interference by the second molars from 

sliding. 

No other form of force application (Elastics) was 

used at any time in the course of the study.

At routine reviews, the amount of space closure was 

determined from measurements on the study model 

from the canine cusp tip to the buccal groove of the 
® 

first permanent molar with a Tresnar Digital Vernier 

calliper with a 0.02mm accuracy. Space between the 

contact points of the canine and second premolar was 

not used because by 4 months the space was too small 

for a Vernier calliper to fit into.  The study models 

were obtained from alginate impressions (PRO 

ALGIN®) taken with appropriate plastic stock trays 

under universal infection control measures. The 

study models obtained at each visit were measured 

three times and the mean was recorded. Baseline 

measurement (T0) was the measurement taken one 

month after placement of working archwire (0.019 by 

0.025inch) before the application of intervention; 

T1is the first measurement taken after the 

commencement of space closure [at 2 months]; T2 is 

the second measurement [at 3months]; T3 is the third 

and final measurement (at 4months). The maximum 

duration of recording was four months. All the 

different measurements at each monthly interval 

were tabulated and compared for the two different 

force delivery systems. A rate of space closure in 

millimeters per month for each quadrant, and overall 

for each subject was calculated. The distance moved 

by the named intervention at every recall visit was 

calculated by subtracting the final measurement from 

the initial measurement. Distance moved at each visit 

= T0 – T1/T2/T3. T0 was the initial measurement 

taken before any named intervention at 1 month i.e. 

baseline; T1 was the measurement taken at the first 

recall visit at 1 month post-intervention; T2 was the 

measurement taken at the second recall visit at 2 

months post-intervention; T3 was the final 

measurement taken at the third recall visit at 3 months 

post-intervention. 

Rate = Distance/Time

Distance is the measurement from the canine tip to 

the buccal groove of the first permanent molar 

recorded at T1/T2/T3

Time  i s  1mon th /2mon ths /3mon ths  [Pos t 

intervention]

The rate of space closure in mm per month (1 month) 

was calculated by dividing the distance moved with 

time (1/2/3months).

All measurements were done by a calibrated 

examiner (researcher). Then they were subjected to 

analysis by SPSS (Statistical Package for the Social 

Sciences) version 23.0.0.0.

Measuring the space available on the study model 

three times and calculating a mean assessed random 

error. The space available is the space between the 

canine tip and the mesiobuccal groove of the first 

permanent molar. 

Space closure with active-tieback and Ni-Ti coil springsAdebayo O et al
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Figure 1A. Intraoral (Right buccal) photograph during 

space closure with Nickel titanium closed coil spring

Figure 1B. Intraoral (Left buccal) photograph during 

space closure with Active tie backs

Data was collected using the methods below namely 

questionnaire-based method and a clinically based 

method. The questionnaire was an interviewer-

administered questionnaire designed for the study. It 

had two sections; each subject filled the first section 

while the second section was filled by the researcher 

after assessing the subject clinically. 

The first section of the questionnaire contained the 

sociodemographic data of the subject while the 

second section contained the orthodontic summary of 

the subject. This included type of malocclusion 

[ A n g l e s  l / l l / l l l ] ;  a r c h e s  i n v o l v e d 

[Lower/Upper/Both]; site of force delivery system 

[Upper right or Upper left/Lower right or Lower left].

Statistical analysis

Microsoft Office Excel 2016 16.0.6741.2048 

(Microsoft, Redmond Washington) was used to 

organize the data collected. All the statistical analysis 

was carried out through the Statistical Package for the 

Social Sciences (SPSS) version 23.0.0.0 [SPSS Inc., 

Chicago IL, USA], IBM Corp. [International 

Business Machines Corporation, Armonk, New 

York, USA]. 

Repeated ANOVA was used to determine the mean 

rates of space closure with NITI closed coil springs 

and Active tiebacks at different time intervals 

[T1/T2/T3]. Paired t-test was used to compare the 

mean rates of space closure between the NITI closed 

coil springs and Active tiebacks. A Bar chart was used 

to represent the interventions in the different 

quadrants. 

Dahlberg formula was used to determine random 

errors and the intra-class correlation coefficient of 

reliability (ICC) was used to determine systematic 

errors between the two methods.

Results

A total of 19 subjects were recruited, and 4 were lost 

to follow-up. Fifteen subjects having 42 quadrants in 

total were analyzed for the study. These subjects 

satisfied the inclusion criteria with twenty-one 

quadrants for each intervention. There were 3 (20%) 

males and 12 (80%) females with a male-to-female 

ratio of 1:4. The 3 males recruited were adolescents 

whereas 4 of the 12 females were adolescents and the 

remaining 8 were adults. The age range of subjects 

was 13 – 39 years in the study with a mean age of 

13.67±0.58 years for males and 25.50±9.01 years for 

females with an overall mean age of 23.13±9.37 

years. (Table 1)

Space closure with active-tieback and Ni-Ti coil springsAdebayo O et al
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Active tiebacks were applied in nine upper right 

quadrants and six upper left quadrants; NITI closed 

coil springs were applied in six upper right quadrants 

and nine upper left quadrants whereas both 

interventions in the lower arch were equally 

Variable 

Age (Years)

Gender 

Male Female Total 

10-19

20-29

30-40

Total  

(Mean±SD)

3 (20.0%)

0 (0.0%)

0 (0.0%)

3 (20.0%)

13.67±0.58               

4 (26.7%)

5 (33.3%)

3 (20.0%)

12 (80.0%)

25.50±9.01

7 (46.7%)

5 (33.3%)

3 (20.0%)

15 (100.0%)

23.13±9.37

Table 1:  Age and Gender distribution of subjects

distributed i.e. three in both lower left and right 

quadrants. Active tiebacks were placed more in the 

upper right quadrant than in any other quadrant 

whereas NITI closed coil springs were placed more in 

the upper left quadrants. Figure 2

Space closure with active-tieback and Ni-Ti coil springsAdebayo O et al
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The mean rate of space closure using NITI closed coil 

springs at T1 was observed to be 1.18mm/month. 

This reduced at T2 and T3 to 0.93mm/month and 

0.90mm/month respectively. However, these 

differences in the rate at the different time intervals 

were not significant, (p > 0.05). Figure 3.

The mean rate of space closure using ATB was 

measured at one-month post-intervention (T1), two 

months post-intervention (T2), and 3 months post-

intervention (T3). The rate of space closure was 

highest at T1 (0.87mm/month) and lowest at T3 

(0.68mm/month) whereas the rate at T2 was recorded 

to be 0.72mm/month.

The differences recorded at the different time 

intervals were not significant statistically,

 P-value> 0.05. Fig 3.
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Figure 3: Rates of space closure at different time intervals using NITI and ATB

The differences between the mean rates at different 

time intervals and the overall mean using ATB and 

NITI closed coil springs were evaluated. The rate of 

space closure was faster using NITI closed coil 

springs when compared with ATB at every time 

interval [T, T2, T3] Fig 3.

The overall mean rate of space closure with Active 

tiebacks was 0.75±0.44 while that of NITI closed coil 

springs was 1.00±0.57mm/month. The overall mean 

rate of closure throughout the time of intervention 

was faster with NITI closed coil spring compared to 

ATB. Fig 4.

Space closure with active-tieback and Ni-Ti coil springsAdebayo O et al

West Afr J Orthod. Vol. 9 No. 2 December, 2020



12

M
ea

n
 r

at
e 

o
f 

sp
ac

e 
cl

o
su

re

1.2

1

0.8

0.6

0.4

0.2

0
ATB NiTi

Interven�on

Figure 4: Comparison of the rates of space closure using NITI and ATB

Discussion

The choice of an appropriate force system in the 

closure of spaces following the extraction of 
1,4,34,35

premolars is vital in orthodontics.  The force 

component required to close the premolar extraction 

spaces may be delivered by applying Nickel-titanium 

(NITI) closed coil springs, Active tiebacks (ATB), or 
7,8,11,36,37

Elastomeric chains. 

This split-mouth comparative prospective clinical 

study was designed to evaluate and compare the rates 

of premolar extraction space closure using NITI 

closed coil springs and Active tiebacks amongst 

adolescents and adults attending the Orthodontic 

clinics of Lagos University Teaching Hospital, Idi 

Araba and Lagos State University Teaching Hospital, 

Ikeja, Lagos.

The overall mean rate of space closure recorded with 

NITI closed coil spring was 1mm/month. This is 
5similar to the rate recorded by Samuels et al  with a 

rate of 0.96mm/month. The similarity in rates with 
5

Samuels et al  may be attributed to the superelastic 

and shape memory property of NITI closed coil 

springs which ensures light continuous forces are 

provided over a considerable range of activation and 

19,32,38
working times.  These light forces are highly 

39recommended for biological tooth movement.  

However, a higher rate of 1.85mm/month was 
40recorded by Bokas et al 11; Khanemasjedi et al  

recorded 1.67mm/month while Aditya 41 recorded 

1.62mm/month. This difference in rates with Bokas 
11and Woods  may be attributed to the difference in the 

dimension of the archwires used. A two-step 

retraction on thinner archwires was employed by 
11Bokas and Woods , whereas, an en-masse retraction 

on an 0.019 by 0.025-inch stainless steel archwire 

was carried out in this study even though en masse 
42retraction has been documented by Schneider et al  to 

be faster than the two-step retraction. 

41,43,44Previous studies,  recorded a faster rate of space 

closure with thinner archwires than with large 

rectangular archwires due to the line contact of the 

bigger rectangular wire with the bracket. This is said 

to cause more friction and reduce the rate of tooth 
41,43,44

movement.  However the 0.019 by 0.025inch 

stainless steel archwire used in this study has the 

advantage of allowing full torque expression and 

allows for bodily movement which ensures the least 
45tissue damage.
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Nickel Titanium closed coil spring used in this study 

at different time intervals recorded the fastest rates of 

space closure at T1 which is the first month following 

the application of the Nickel Titanium closed coil 

spring with a gradual reduction subsequently at the 

second and third months. These rates are in 
40agreement with Khanemasjedi et al  and Chaudhari 

10et al  who also recorded the fastest rate at T1 which is 

the first month following the application of the NITI 

closed coil spring. 

This is in concordance with the phases of orthodontic 

tooth movement with a rapid rate of tooth movement 

following the application of force at the initial phase 

followed by a lag phase where there is a reduction in 

tooth movement and the final phase in which tooth 
46movement occurs gradually.

The gradual reduction recorded in the rates with the 

NITI closed coil springs at T2 and T3 compare well 

with Chaudhari et al 10 who recorded rates of 

1.91,0.91,0.86,0.81mm/month at T1, T2, T3, T4. This 

could be attributed to the close similarity in the 

methodology of en masse retraction on 0.19 by 0.25-

inch stainless steel archwires. However, the rates 

obtained at the different time intervals in this study are 
40lower than those recorded by Khanemasjedi et al,  

who compared the efficacy of elastic chains versus 

nickel titanium coil springs in canine retraction with 

rates such as  1.93,1.71, and 1.36 mm /month at 

T1/T2/T3. This difference could be a result of the 
47,48denser bone density amongst Blacks.  

49,50Previous studies  have indicated tooth movement 

to be affected by bone density. There is a slower rate 
49,50of orthodontic tooth movement in denser bone.  

The overall mean rate of space closure using ATB 

was 0.75mm/month. These results are comparable 
58,11

with previous studies.  However, in this study a 

faster rate of space closure with Active tiebacks was 

7recorded than that recorded by Dixon et al  and this 
7differed by 0.40mm/month. Dixon et al  recorded an 

Active tieback rate of 0.35mm/month.

Although a faster rate of space closure using ATB was 
8recorded by Shankar et al.   This may be due to single 

canine retraction with the MBT system rather than 

the en masse retraction carried out in this study with 

the Roth 0.22 system. Nevertheless, the results of this 
12study compare well with the results by Sonis  who 

also carried out single canine retractions. This may be 

a result of the similarity in the bracket system of Roth 

0.22 with the current study.

33In a previous study by Mitra et al. , the rate recorded 

for active tiebacks was faster than the elastomeric 

chain it was compared with, this is among the few 

studies of note to have a faster rate for Active 
33tiebacks,  even though the rate was not clearly stated 

as to whether it was rate per week or month thus we 

cannot truly compare this study with theirs.

Space closure rates with Active tiebacks at different 

time intervals were fastest at T1 and slowest at T3 but 

the difference in these rates was not significant. This 
58,11is in agreement with previous studies  which could 

be a result of the force decay experienced by the 

elastic module of the active tieback in the oral 
11,14cavity.   ATB being an elastomer experiences force 

decay in the first 24 hours of its use; loses 50% of its 

force after four weeks and is affected intraorally by 
14,18plaque accumulation and temperature. 

In comparing the overall mean rates of space closure 

between NITI closed coil springs and Active 

tiebacks, NITI  was seen to be faster than ATB and 
57

these results compare well with previous studies.  

The faster rate of space closure with NITI closed coil 

springs in this study can be attributed to the fact that 

they perform better than ATB in an oral environment 
17,27

 and they also have a better load deflection than 
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25ATB.38 Maganzini et al   also reported NITI to have 

“constant” unload forces within its designated 

deactivation range.                        

The faster rate with NITI  closed coil springs than 

ATB recorded in this study were similar to rates by 
5,6Samuels et al   This could be attributed to the close 

similarity in the methodology where anchorage was 

controlled by tying the second premolars and first 

molars together. Thus, space closure was from both 

anterior retraction and posterior protraction. 

However, anchorage control was by the use of 
710transpalatal arches in other studies.  

In comparing the mean rates of space closure 

between NITI closed coil springs and Active tiebacks 

at different time intervals, NITI was faster than ATB 

at all the time intervals (Figure 1) and this is in 
5,6  agreement with previous studies. 

8However, in a previous study by Shankar et al   Active 

tiebacks were observed to be faster than NITI closed 

coil springs in the third and fourth months of space 

closure but the reliability of this result cannot be 
8validated as Shankar et al   measured distance moved 

by each intervention directly intraorally without cast 

measurements and this method of measurement has 

been recognized as unreliable due to interferences by 
41the soft tissue. 

Conclusion 

The rate of space closure with Nickel titanium closed 

coil springs in first premolar extraction cases was 

1mm/month whereas the rate with Active tiebacks 

was 0.75mm/month.

Nickel-titanium closed coil springs provided a 

significantly faster rate of space closure than Active 

tiebacks by 0.25mm/month for premolar extraction 

cases in the sample studied.
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Background: This study aimed to determine the relationship between dental calcification and cervical vertebrae maturation 

in a Nigerian population. 

Methods: The material consisted of lateral cephalometric and panoramic radiographs of 336 children aged 5 to 18 years (153 

males and 183 females). Dental calcification stages were determined using panoramic radiographs according to the method 

described by Demirjian, while the stages of cervical vertebrae maturation were determined using lateral cephalometric 

radiographs and the method described by Baccetti et al.,(2005). Standard descriptive analyses were computed for 

chronological and dental ages concerning cervical vertebrae maturation stages. Spearman rank order correlations were 

performed to determine the associations between dental calcification stages and cervical vertebrae maturation stages. 

Results: Good correlations ranging from 0.475 to 0.743 were observed between dental calcification stages and cervical 

vertebrae maturation stages. The tooth most highly correlated with cervical vertebrae maturation was the mandibular second 

molar in both genders. Females were more advanced in chronological age, dental age, and skeletal maturity than males. 

Conclusion: This study suggests that dental calcification stages may be used as a preliminary measure in the determination 

of skeletal maturity.
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Relationship between Dental Calcification and Cervical Vertebrae 

Maturation in a Nigerian population

a b b Asade A,   Sanu OO,  and  daCosta OO 

Introduction

Growth in humans is characterized by a significant 

variation in the rate of progress in different persons 
1toward physiologic maturity.  It is one of the most 

variable events in nature playing an important role in 

the aetiology of malocclusion, evaluation, diagnosis, 
1-4treatment plan, retention, and stability of any case.  

Timing of treatment in orthodontics and dentofacial 

orthopaedics is as important as the selection of the 
5specific treatment protocol.  It is therefore essential 

for the orthodontist to have an understanding of 

growth events to harness its potential advantages. 

During growth, all bones go through a sequence of 
4,6changes, which can be seen radiographically.  This 

is referred to as skeletal maturity, which is the degree 

of ossification in bone. This sequence of changes is 

relatively constant for each given bone in each 
4,6,7 6person.  Hassel and Farman  observed that though 

the timing of changes may vary as a result of each 

person's biologic clock, the events are mostly 

reproducible enough to allow a basis for comparison. 
4

Baccetti et al.  further stated that optimal timing for 

dentofacial orthopaedic treatment is connected to the 

identification of periods of accelerated growth. These 

periods of intense growth, identified as growth spurts, 

can contribute greatly to the correction of skeletal 
4,8imbalances in individual patients.  Mandibular 

skeletal maturity has been assessed through various 

biologic indicators including an increase in body 

height, weight, skeletal development, dental 

development and eruption, chronological age, sexual 

maturation characteristics, and cervical vertebrae 

West Afr J Orthod. Vol. 9 No. 2 December, 2020



18

6,9-19 
maturation. The ability to evaluate skeletal 

maturation and predict mandibular growth peak from 

routinely obtained diagnostic lateral cephalometric 

radiographs through the assessment of cervical 

vertebrae maturation has the potential to eliminate 

the need for hand and wrist radiographs thus saving 

the patient the additional cost and exposure to 
20

radiation.  In addition the routine use of hand and 

wrist radiographs has lately been questioned from the 
21

radiation-hygiene-safety point of view.  Dental 

maturity on the other hand can be determined by the 

stage of tooth eruption or by the stage of tooth 
22,23formation.  Various studies have however shown 

that tooth formation is a more reliable indicator of 
23-25dental maturity than tooth eruption.  Knowledge of 

dental and skeletal age may be useful in determining 

treatment timing for orthodontic cases. In persons 

with delayed dental maturity, treatment may be 

deferred and commenced at a later stage resulting in 
26

shorter treatment time and more stable results.  The 

ease of recognition of dental developmental stages 

and the availability of periapical or panoramic 

radiographs in most orthodontic dental practices are 

practical reasons for attempting to assess dental 
23maturity.  This is especially important in a 

developing continent where cost is a major 

consideration. The ability to determine ideal 

treatment timing from a panoramic radiograph would 

be of immense value to dental practitioners. The 

purpose therefore of the present study was to 

determine the correlat ion between dental 

calcification and cervical vertebrae maturation in a 

group of Nigerian orthodontic patients. If a strong 

correlation exists between cervical vertebrae 

maturation and dental calcification stages then the 

stages of dental calcification may be used as a first-

level diagnostic tool in the estimation of the timing of 

the adolescent growth spurt and consequently ideal 

treatment time in Nigerian children. 

Materials and Methods 

The study was of a retrospective cross-sectional 

design and the material consisted of the panoramic 

and lateral cephalometric radiographs of 336 

children (153 males and183 females) aged 5 to18 

years. The data was taken from previous records of 

patients who had attended the Orthodontic Clinic of 

the Lagos University Teaching Hospital, Lagos from 

2008 to 2013; six years. Inclusion criteria were the 

following: (1) All subjects of Nigerian ancestry; (2) 

all subjects aged between 5 and 18 years; (3) both 

lateral cephalometric and panoramic radiographs 

available with high clarity and good contrast, (4) all 

permanent teeth present on radiographs except for 

third molars and (5) no previous orthodontic 

treatment. Subjects with anomalies of the dentition 

and cervical vertebrae were excluded from the study. 

Chronological ages were computed by deducting the 

birth date of each subject from the date the radiograph 

was taken with the obtained value noted in years and 

decimal points. Utilizing the panoramic radiographs 

a single investigator (AA) determined the stages of 

dental maturity of the mandibular left seven 

permanent teeth for each subject using the method 
14

described by Demirjian.  Blinding to the ages of the 

subjects was done to eliminate bias. The eight-grade 

scale described by Demirjian was used to stage the 

teeth. Each tooth was assigned an appropriate 

numeric value representing the developmental stage 

using standard tables. These were then summed up 

giving the dental maturity score. This was used to 

determine the dental age as derived from standard 

tables for males and females respectively. On the 

lateral cephalometric radiographs cervical vertebrae 

C2, C3, and C4 were assessed (these are the vertebrae 

that can be seen when a patient has a protective 

thyroid collar on). Both visual and cephalometric 

analyses were performed as described by Baccetti et 
5al.  and cervical vertebrae maturation stages were 

determined accordingly.

Statistical analysis 

All statistical analyses were carried out using Epi-

info version 7.1.0.6 (2012) software. Descriptive 

statistics (mean and standard deviations) of the 

chronological and dental ages of the subjects for the 

particular cervical stages of skeletal maturity were 

calculated, taking gender into consideration. 

Student's t-test was used to assess the differences in 

the mean between the two groups. Direct 

relationships between dental calcification stages and 

cervical vertebrae maturation stages were 

determined by computing the percentage distribution 

Dental calcification and cervical vertebrae maturation Asade A et al
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of dental development stages in subsequent cervical 

vertebrae maturation stages taking gender into 

account. Each tooth calcification stage was also 

correlated to the overall cervical vertebrae 

maturation stage. Spearman rank order correlation 

coefficients were run to measure the association 

between the cervical stages and dental calcification 

stages of all analyzed teeth. P values were calculated 

and P<0.05 was set as the level of statistical 

significance.

Results

 Figure 1 shows the gender distribution and frequency 

of subjects in the different cervical vertebrae 

maturation (CVM) stages. CVM stage 1 was the most 

frequently occurring in both genders and was seen on 

average in over 40% of the subjects, at chronologic 

mean age group 9.1±2.0 years in females and 10.1 

±2.0 years in males (Table 1). Cervical stage 3, the 

stage where the pubertal growth spurt is expected to 

occur, was found on average in only 10% of the 

subjects (Figure 1) at chronologic age 11.4±2.1years 

in females and 11.9±2.0 years in males (Table 1).  

The mean and standard deviations of both 

chronological and dental ages by CVM stage are 

shown in Table 1. Chronological and dental ages 

showed a high correlation in both males (r=0.863, 

P=0.00) and females (r=0.896, P=0.00) Table 2. 

Separate evaluations of the cervical stages showed 

that all correlations were statistically significant 

except in females at CVMS6 (P=0.496). This was 

also similar in males, where all correlations were 

statistically significant except in CVMS5 (P=0.957) 

and CVMS6 which could not be recorded (Table 3). 

The strongest correlation between chronologic and 

dental ages, in females, was observed in CVM stage 2  

(r = 0.86) while for males the strongest correlation 

was recorded in CVM stage 1 (r = 0.86) both of which 

demonstrated the statistical significance of P=0.000. 

Conversely the lowest correlation was for CVMS6 in 

females (r=0.262, P=0.496) and CS5 (r=0.033, 

P=0.957) in males. The appearance of each CVM 

stage was consistently earlier in female subjects than 

in the male subjects using both chronological and 

dental ages. There was also a consistently earlier 

occurrence for each skeletal maturation stage in 

females (about 10 months). However, in males, no 

definite pattern was observed (Figure 2). All 

correlations between CVM stages and dental 

developmental stages of the teeth studied were 

statistically significant at P < 0.05 significance level 

using Spearman rank correlation coefficients (Table 

4). The ranges for males and females were R = 0.186-

0.485 and R =0.275-0.743 respectively. The tooth 

which showed the strongest relation to the CVM 

stage was the mandibular second molar in both males 

and females with R = 0.485 and R = 0.743 

respectively. The teeth which showed the weakest 

correlations were the mandibular central incisor in 

females with R = 0.275 and the lateral incisor in 

males with R = 0.186.

The order of teeth as concerns increasing correlation 

with the CVM stage in males was the lateral incisor 

(R = 0.186), central incisor (R = 0.229), first molar (R 

= 0.239), canine (R = 0.423), first premolar (R = 

0.456), second premolar (R= 0.477) and second 

molar (R = 0.485). The sequence varied marginally 

for females: central incisor (R = 0.275), lateral incisor 

(R = 0.395), first molar (R = 0.473), canine (R = 

0.689), second premolar (R= 0.720), first premolar 

(R = 0.737) and the second molar (R = 0.743) (Table 

4) .  The percentage distr ibut ion of  dental 

developmental stages was calculated for the canines, 

first premolars, second premolars, and second molars 

(Table 5). The central incisors, lateral incisors, and 

first molars were excluded from the analysis as they 

showed the weakest correlation with CVM in this 

current study. 

The most frequently observed dental development 

stage in CVM stage 1 was stage C in second molars 

(46.2%) in males and stage F in canines in both males 

(34.2%) and females (44.4%). In CVM stage 2 the 

most frequently observed stages in females were 

stages F for the canines (57.9%) and stages E for the 
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second premolars (57.9%) and second molars 

(47.4%). In the males, stage E of the second premolar 

(38.9%) was the most predominant developmental 

stage. CVM stage 3 was accompanied by stages F for 

both the second premolar (58.8%) and the first 

premolar (52.9%) in females while 50% of the males 

exhibited stage H in both the canines and the first 

premolars indicating full development of these teeth. 

Stage H was the most predominant dental 

developmental stage in CVM stage 4, occurring in 

the first premolar in 68.8% of females and 59.1% of 

males, except in the second molars where stage G was 

most predominant with 45.5% in males and 43.8% in 

females. By CVM stage 5 most of the teeth assessed 

had achieved dental developmental stage H. All the 

male subjects studied exhibited stage H in the first 

premolar, second premolar, and second molar but 

only 60% of the canines had reached this stage. In 

females, 88.9% had achieved stage H in the canines at 

this stage but only 55.6% had achieved this stage in 

the second molar. In over 95% of the subjects studied, 

the final stage of dental development of the canines, 

first premolars, second premolars, and second molars 

had been accomplished by CVM stage 6. Stage G 

developmental stage of the second premolar was 

however still exhibited by 22.2% of the females.

CVM 
Stage

Mean Chronologic age (years)                           Mean Dental age (years)
 
 

10.1 ± 2.0

11.3 ± 2.2 

11.9 ± 2.0

13.8 ± 2.5

16.1 ± 0.3

15.5 ± 0.7

11.3 ± 2.6

9.1 ± 2.0

9.3 ± 1.3 

11.4 ± 2.1

12.9 ± 1.9

13.9 ± 1.9

14.7 ± 1.7

11.3 ± 2.8

9.7 ± 2.1

10.4 ± 2.1

11.7 ± 2.0

13.2 ± 2.1

14.2 ± 1.9

14.9 ± 1.6

11.3 ± 2.7

11.0 ± 2.4

11.6 ± 2.5 

13.5 ± 2.5

13.9 ± 2.2

15.9 ± 0.2

16.0 ± 0.0

12.0 ± 2.7

9.8 ± 2.0

10.3 ± 1.7

12.3 ± 1.6

13.7 ± 1.8

14.7 ± 1.5

15.6 ± 0.9

12.1 ± 2.7

10.5 ± 2.3

11.1 ± 2.4

12.9 ± 2.2

13.7 ± 2.0

14.9 ± 1.4

15.7 ± 0.8

12.1 ± 2.7

   Male               Female         Overall               Male              Female         Overall 
 n = 153             n = 183         n = 336              n = 153            n = 183         n = 336

1

2

3

4

5

6

Overall

Table 1: Mean chronological age and dental age by CVM stage

Paired Samples Correlations

Gender

Female

Male

Dental age and 
Chronologic age

Dental age and 
Chronologic age

183

153

N

0.896

0.863

Correlation 
Coefficient

0.000*

0.000*

p-value

*Statistically significant at p<0.05

Table 2: Comparison between dental age and chronological age in both genders 

using direct correlations
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Cervical stages  

1

2

3

4

5

6

Total

0.849

0.860

0.518

0.698

0.718

0.262

0.896

0.000*

0.000*

0.001*

0.000*

0.000*

0.496

0.000*

Table 3: Pearson's correlation of dental and chronological age for each cervical stage 
according to gender.

Female                                 Male

r                 p-value                r                 p-value

0.860

0.776

0.804

0.776

-0.033

------

0.863

0.000*

0.000*

0.000*

0.000*

0.957

-------

0.000*

*Statistically significant at p<0.05

Female                                 Male

r                 p-value                r                 p-value

Table 4: Correlation between dental development stages in teeth and cervical stages 
in both genders

Dental Development 
Stages in teeth

Central Incisor

Lateral Incisor

Canine

First Premolar

Second Premolar

First Molar

Second Molar

0.275

0.395

0.689

0.737

0.720

0.473

0.743

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.000*

0.229

0.186

0.423

0.456

0.477

0.239

0.485

0.004*

0.022*

0.000*

0.000*

0.000*

0.003*

0.000*

* Statistically significant at p-value < 0.05

Table 5: Percentage distribution of dental development stages according to Demirjian's 
method for subsequent cervical vertebrae maturation stages (CVMS)                                                

Dental 
stage

Canine              First premolar             Second premolar             Second molar

Gender                    Gender                          Gender                            Gender
 Female     Male % Female     Male % Female     Male % Female     Male %

CVMS 

C

D

E

F

G

H

Total 

1.6

6.3

19

44.4

20.6

7.9

100 

1.3

2.5

26.6

34.2

25.3

10.1

100

6.31

1.13

1.73

3.31

2.7

4.8

100 

3.8

11.4

26.6

24.1

15.2

19

100 

12.7

17.5

27

30.2

11.1

1.6

100

6.3

13.9

25.3

22.8

24.1

7.6

100 

11.1

27

34.9

19

6.3

1.6

100

46.2

21.5

25.3

21.5

19

5.1

100 
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CVMS

C

D

E

F

G

H

Total 

CVMS

C 

D

E

F

G

H

Total 

CVMS 

C 

D

E

F

G

H

Total 

CVMS

C 

D

E

F

G

H

Total 

CVMS

C

D

E

F

G

H

Total 

—

—

10.5

57.9

15.8

15.8

100

—

—

—

29.4

23.5

47.1

100

—

—

—

14.6

29.2

56.3

100

—

—

—

—

11.1

88.9

100

—

—

—

—

—

100

100

—

—

18.5

37

25.9

18.5

100

—

—

11.1

16.7

22.2

50

100

—

—

4.5

18.2

31.8

45.5

100

—

—

—

20

20

60

100

—

—

—

—

—

100

100

—

—

42.1

31.7

15.8

10.5

100

—

—

—

52.9

11.8

35.3

100

—

—

—

18.8

12.5

68.8

100

—

—

—

3.7

11.1

85.2

100

—

—

—

—

—

100

100

—

3.7

18.5

25.9

25.9

25.9

100

—

—

11.1

27.8

11.1

50

100 

—

—

4.5

18.2

18.2

59.1

100

—

—

—

—

—

100

100 

—

—

—

—

—

100

100

—

—

57.9

42.1

—

—

100

—

—

5.9

58.8

23.5

11.8

100

—

—

4.2

20.8

20.8

54.2

100

—

—

—

14.8

11.1

70.4

100

—

—

—

—

22.2

77.8

100

3.7

7.4

38.9

22.2

29.6

11.1

100 

—

5.6

5.6

27.8

16.7

44.4

100 

—

4.5

—

13.6

40.9

40.9

100 

—

—

—

—

—

100

100 

—

—

—

—

—

100

100

—

21.1

47.4

31.6

—

—

100 

—

—

23.5

47.1

23.5

5.9

100

—

—

6.3

22.9

43.8

27.1

100

—

—

3.7

14.8

25.9

55.6

100

—

—

—

11.1

—

80

100

11.1

11.1

22.2

25.9

22.2

7.4

100 

—

5.6

22.2

16.7

22.2

33.3

100

—

4.5

4.5

9.1

45.5

36.4

100 

—

—

—

—

—

100

100 

—

—

—

—

100

100
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Figure 1. Gender distribution and frequency of subjects in CVM stages 

Gender: female Gender: male

Gender: female Gender: male
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Figure 2: Distribution of chronological and dental age, related to cervical vertebrae 

maturation stage (CVMS) 
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Discussion

Reports in the literature agree that there is a strong 

relationship between skeletal, somatic, and sexual 
10,11,14,17maturation.  However, previous studies to 

investigate the relationship between skeletal and 

dental maturation have shown low or no correlations 
10,14,27-29between the two.  In this present study however 

the contrary was the case. Cervical vertebrae 

maturation stages were found to correlate well with 

dental developmental stages with all the stages 

displaying a p-value less than 0.05. This showed a 

good relationship between dental and skeletal 

maturation. In both genders, the second mandibular 

molar showed the greatest correlation with CVM 

with values R= 0.743 in females and R= 0.485 in 

males. This finding is similar to that of other 
30-33 23studies.  Uysal et al.  also observed high 

correlations between dental and skeletal maturation 

in the second mandibular molar although they 

assessed skeletal maturity with the use of hand-wrist 

radiographs. At variance to this study however other 

authors have recorded higher correlations with other 

teeth ranging from the first and second premolar to 
22,34,35

the canine.  Some authors have suggested a 

significant relationship between the calcification of 
15,32,36-38the mandibular canine and skeletal maturity.  

Interestingly in this study there was a moderate 

correlation of the mandibular canine to skeletal 

maturity (R= 0.689 in females and R= 0.423 in 

males). These variations in teeth observed to most 

strongly correlate with skeletal maturation may be 

attributed to varying protocols followed, ethnicities, 

varying ages studied, number of subjects recruited in 

the studies, and nutrition, and environmental 
15,34,38-40

factors.  Weaker correlations of CVM to the 

permanent incisors and first molars seen in this study 

and various other studies have been attributed to early 
35

apical closure of these teeth.  Surendran and 
41Thomas  further implied that stronger associations 

found between canines, premolars, second molars, 

and skeletal maturity were a result of the maturation 

of these teeth during the circum-pubertal period. 

Some authors have however questioned the 

diagnostic value of high correlation coefficients 

obtained in predicting specific stages of skeletal 

maturity and the pubertal growth spurt arguing that 

the diagnostic performance of dental maturity for 

recognizing growth phases, especially the growth 
33,41spurt is extremely limited.  Although its usefulness 

may be limited to certain stages, determination of 

dental maturity is still beneficial for those stages, 

especially in a developing continent, and therefore 

cannot be overlooked. Wide variation was seen in 

tooth calcification stages, especially in the earlier 

stages. Cervical stage 1 was the most frequent CVM 

stage observed, a finding at variance to other 
23,42studies.   In CVM stage 2 the most frequently 

observed stage in females was stage F for the canines 

and stage E for the second premolars in males and 

females. Since CVM stage 2 can be regarded as the 

pre-pubertal phase, it may be postulated that in 

Nigerian children stage F of the canine in females and 

stage E of the second premolars in both genders may 

be indicative of this phase. CVM stage 3 is a crucial 
5 stage of development described by Baccetti et al. as 

that in which and following, the peak in mandibular 

growth will occur. It is the ideal stage in which 

functional orthopaedic treatment should commence 

to harness the growth spurt. In this study, CVM3 was 

accompanied by stage F of the second premolar 

(which also correlated well to CVM) in females 

showing the highest percentage. It can therefore be 

suggested that stages of calcification in the second 

premolar, especially in females, may be used to 

predict the pubertal peak in the population studied. 

The finding of female subjects being dentally and 

chronologically advanced in age and CVM stages 

compared to male subjects is in keeping with various 
15,22,30-32,34,43,44other studies.  However concerning tooth 

mineralization stages relative to skeletal maturation, 

males showed a more advanced trend, except in 

CVM stage 4, whereas females showed a more 

Dental calcification and cervical vertebrae maturation Asade A et al
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advanced trend in all teeth examined except the 

second molar. This finding is quite similar to that of 
22,23,37other authors.  An increase in the CVM stage was 

also observed with an increase in both chronologic 

and dental age indicating an increase in maturity and 

further buttressing the validity of the CVM method. 

Conclusion

The assessment of skeletal maturity from the dental 

developmental stages of canines, premolars, and 

second molars may be used to assist in treatment 

planning in Nigerian subjects. In females, canines in 

stage F may be indicative of the pre-pubertal phase. 

The second premolar in stage F may be used to 

predict the pubertal growth spurt in Nigerian female 

children. The second molar in stage H may be 

indicative of the post-pubertal period in both genders.
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Introduction

he transverse discrepancy between the Tmaxilla and mandible results in a mismatch, 

causing either a crossbite or scissors bite. 

Crossbite occurs when the buccal cusp of the upper 

tooth occludes lingually to the opposing lower tooth, 

while scissor bite refers to the presence of total 

maxillary buccal crossbite with the mandibular 

dentition completely contained within the maxillary 
1,2dentition in habitual occlusion.

The aetiological factors involved in posterior 

crossbite and scissors bite could be classified into 
3

dental, skeletal, and muscular.  Displaced teeth as a 

result of deficient arch length, retained deciduous 

teeth, deranged eruption sequence, and anomaly in 

tooth structure are the dental factors implicated in 
3

posterior crossbite.  Skeletal factors causing 

posterior crossbite include a true maxillary 

constriction which exists when the maxillary 
4skeleton and/or teeth is narrow in width, on its own , 

or a relative maxillary constriction existing when the 

maxillary skeleton is normal in width, but the 

mandibular skeleton and/or teeth are too wide.  On 

the other hand, a narrow mandible or an excessively 

wide maxilla or a combination of both would result in 
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Methods: A retrospective study on the transverse occlusal discrepancy of the first 100 patients who visited the orthodontic 

unit of the University of Calabar Teaching Hospital for four years. The data on the patients were obtained from the clinical 

record book of the unit and these include age, sex, molar relationships, and transverse occlusal variables; crossbite and 
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Results: The prevalence of scissors bites was 2% and the crossbite was 8% in the study population. Crossbite was 

predominant in males and it occurred more in children. Scissors bite, in this study population, was not common.

Conclusion: The study has provided the baseline prevalence of scissors bite and crossbites in Cross River state. This will 

increase the clinician's ability to make rational decisions in the prevention and treatment of transverse discrepancies and 

also add to the body knowledge.
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4
a scissors bite . Oral habits like sucking of 

digits/thumb or tongue thrusting are muscular 

causative factors of posterior crossbite and scissor 
3,5

bite respectively.

Crossbite and scissors bite can be classified, 

according to their position, unilateral or bilateral, 

while crossbite can further be anteriorly or 
6,7posteriorly located.

Common features associated with transverse 

discrepancy are functional shift of the mandible, 

leading to a negative cosmetic and functional impact 

on patients, especially when it is a unilateral 
1,8crossbite , total disocclusion of the posterior teeth, 

narrow mandibular arch with an increase in the Curve 

of Wilson, asymmetric mandibular growth in case of 
5a unilateral crossbite or scissors bite.

 The possible orthodontic treatment modalities range 

from removable appliances, and fixed appliances, 

combined with the extraction of some teeth and use of 

intermaxillary elastics, to orthognathic surgical 
9,10,11procedures.

There is very little literature published on transverse 

discrepancy nationwide, and none have been carried 

out in the South-south region of Nigeria. It is, 

therefore, necessary to evaluate the incidence of 

crossbite and scissors bite in the first set of 

orthodontic patients seen at the orthodontic unit of 

the university of Calabar Teaching Hospital. The 

study will provide base line values for this South-

South region, and at the same time be beneficial in 

improving patient care comparable to international 

standards.

 Materials and Methods

The study was carried out at the Orthodontic unit of 

the Department of Child Dental Health, University of 

Calabar, Calabar, Cross River State

A retrospective study on the first one hundred patients 

(44 males and 56 females) who presented at the 

University of Calabar Teaching Hospital for a period 

of 4 years spanning from 2016 to 2020.  Patients' data 

were obtained from a standard orthodontic diagnostic 

record book. The patient's information such as age, 

gender, presence or absence of crossbite and scissors 

bite were all retrieved from the orthodontic record 

book for new patients and recorded in the data form as 

dependent variables. All the patients who presented 

with one or more teeth in crossbite or scissors were 

included in this study.

Crossbite was classified as anterior or posterior, 

unilateral or bilateral. Anterior crossbite was 

recorded as present when one or more upper incisors 

and canines occluded lingually to their lower 

counterparts. 

Posterior crossbite, which is a transverse discrepancy, 

was recorded when the buccal cusps of the upper 

premolars and molars occluded lingually to the 

opposing teeth.

Data Analysis

The data were analyzed using the Statistical Package 

of Social Science version 20. Descriptive statistics 

such as frequencies and percentages were used to 

analyze the transverse discrepancies. Summary 

statistics such as the mean was used to represent 

continuous variables together with the standard of 

deviations.  

Results

Table 1 shows the demographic distribution of the 

first 100 Orthodontic patients seen at the orthodontic 

unit of the Teaching Hospital, 57 were females and 43 

were males. The age range was from 6 years to 

35years, with a mean age of 14.77±6.9(SD) years, 

table 2.

Angle's class I molar relationship was recorded in 

more than 70% of the study population, with the 

females having more than the males. More males 

appeared to have Angle's class II than females. 

Though the prevalence of class II was low, the same 

low value was recorded for class III, as seen in table 

3a. 

Angle's molar relationship I was seen more in 

patients with crossbites, whereas Angle's class II was 

more frequent in patients with scissors bites, Table 

3b.
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The incidence of scissors bite in the first hundred 

orthodontic patients seen in the orthodontic unit of 

the University of Calabar Teaching Hospital was 2%, 

and there was no significant sex predilection. Table 4. 

 When age was stratified against scissors bite, it was 

found in 11-year and 28-year-old patients, figure 1.

Crossbite was recorded in 8 of the 100 patients. There 

was a male preponderance, 5:3 (table 4). When cross-

bite was stratified against age, it revealed that cross-

bite was seen more in the first 2 age groups and the 

21-25 age group (figure 4).

SEX   n  (%)

Male  43  (43.0)

Female  57  (57.0)

6-10

11-15

16-20

21-25

26-30

31-35

Total

29

39

13

8

8

3

100

29.0

39.0

13.0

8.0

8.0

3.0

100.0

29.0

39.0

13.0

8.0

8.0

3.0

100.0

29.0

68.0

81.0

89.0

97.0

100.0

Frequency      Percent(%)   Valid (%)  Cumulative (%)

Valid

Table 1: Sex Distribution of 
Respondents

The age ranged from 6 to 32 years with a mean of 14.77 and a 

standard deviation of 6.87

Table 2: Age Classes

Table 3A: Stratification of Angle's classification into age and gender

(A)  Angle classes

Variable: Angle Classes               I  n(%)                  II n(%)                    III n(%)

Stratification: Age

Stratification: 

Age

6-10

11-15

16-20

21-25

26-30

31-35

Gender:

Male

Female

22 (22.0)

24 (24.0)

12 (12.0)

7 (7.0)

8 (8.0)

3 (3.0)

30 (30.0)

46 (46.0)

6 (6.0)

9 (9.0)

0 (0.0)

1 (1.0)

0 (0.0)

0 (0.0)

9 (9.0)

8 (8.0)

1 (1.0)

5 (5.0)

1 (1.0)

0 (0.0)

0 (0.0)

0 (0.0)

4 (4.0)

3 (3.0)
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Variable 
(n=100)

I            II            III            Chi-square            P-Value

Crossbite

Present

Absent

Scissors bite

Present

Absent

5 

71

0

76

2

15

1

16

1

6

1

6

0.912

8.249

0.634

0.016*

31

Table 3B. Stratification of transverse variables by Angle's classification

Table 4. Transverse variables

Variable: Scissors Bite                Present n(%)                Absent n(%)

Age groups:

6-10

11-15

16-20

21-25

26-30

31-35

Gender:

Male

Female

Variable Crossbite

Age Groups

6-10

11-15

16-20

21-25

0 (0.0)

1 (2.0)

0 (0.0)

1 (1.0)

0 (0.0)

0 (0.0)

1 (1.0)

1 (1.0)

2 (2.0)

5 (5.0)

0 (0.0)

1 (1.0)

29 (29.0)

38 (38.0)

13 (13.0)

7 (4.0)

8 (8.0)

3 (3.0)

42 (42.0)

56 (56.0)

27 (27.0)

34 (34.0)

13 (13.0)

7 (7.0)
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26-30

31-35

Gender 

Male

Female 

0 (0.0)

0 (0.0)

5 9.6

3 5.8

8 (8.0)

3 (3.0)

38 (38.0)

54 (54.0)

Figure 2: Age distribution of scissors bite

Figure 1. Gender distribution of scissors bite
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Figure 4: Gender distribution of crossbite

Figure 3: Age distribution of crossbite
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Discussion

Crossbite, either anterior or posterior, and scissors 

bites are important malocclusion traits. When they 

are left untreated, the result could be devastating, 

leading to a disrupted oral cavity milieu and this can 

cause severe aesthetic disharmony and compromised 
12function.

The findings of this study revealed that crossbite was 

found in 8 per cent of the study population. This 

finding is slightly lower than that reported by daCosta 
3

and Utomi , who revealed that 10 per cent of the study 

population had a posterior crossbite. These values are 

much higher than the findings reported by Adekoya et 
13 14

al,  and Alharbi,  they reported a prevalence of 3.7% 
15

and 3.8% respectively. Alogaibi et al  reported 25%, 

which is far higher than the previous findings. This 

could be due to the difference in sample sizes and the 

variations in the method of measurement. Vindikas 
16 17

and Roberts  and Harrison et al.,  reported that in the 

primary and mixed dentitions, posterior crossbite is 

one of the most prevalent transverse occlusal 

variations. Skeletal posterior crossbite is associated 

with a smaller maxillary to mandibular dental arch 
18,19widths ratio and lower facial height.

Patients with crossbite were found to have more 

angle's class I molar relationship when compared 

with patients with scissors bite, who presented more 

with Angle's class II molar relationship. This is not 

surprising, as many studies, both local and 

international, have confirmed that Angle's class I 
3,13,15,20,21

molar relationship is more common.

About 7% of the study population who presented 

with crossbite were children and 1 was an adult. This 

result is the exact opposite of the findings by daCosta 
3

and Utomi , who reported that almost a third of the 

patients in their study were adults. This could be 

attributed to the large sample size used in their study. 

When crossbite is managed early in the deciduous or 

mixed dentition stage, it makes way for the 

spontaneous correction of the permanent teeth. 
22Lidner,  reported that early management of crossbite 

will eliminate the possibility of alveolar ridge warp 

which can occur as a compensatory change to 

accommodate the malocclusion. 

This study revealed a sex predilection, with crossbite 

occurring more in males. The finding is not in 

agreement with the reports by Allen, who in his study, 

showed that crossbite occurred twice more in females 

than in males. Although in the study by daCosta and 
3Utomi , there was no difference in the frequency 

between the genders. Some other studies also 
2,23

reported the absence of significant gender bias.  

Scissors bite was present in about 2% of the study 

population. The finding of this study is in accordance 
24 with what Sodagar et al., reported as the prevalence 

of scissors bites being between 1-1.5%. Scissors bite 

is  a complication of malocclusion that is 

uncommonly encountered routinely. Scissors bite 

cannot be resolved by itself, and if left untreated, can 

affect chewing, and impair the normal growth and 

development of the mandible. There was no 

significant difference in age or gender when stratified 

with scissors bite.

Early management of both crossbite and scissors bite 

is advocated, either in the deciduous or mixed 

dentition stage, this will encourage the spontaneous 
3,24

correction of the permanent teeth.  It was reported 
2by Kutin and Hawes  that crossbite occurring in the 

deciduous dentition usually translated into the 

permanent dentition.  

Various treatment modalities are available for the 

treatment of crossbite and scissors bite. They range 

from simple removable appliances, and arch 

expansion appliances to more complex ones like 

orthodontic appliances with intra-oral cross elastics, 
24,25and orthognathic surgeries in complex cases.  A 

major limitation of this study was the small 

population size used. A larger population is therefore 

advocated for future studies.

Conclusion 

The prevalence of scissors bite was 2% and the 

crossbite was 8% in the study population. 

Crossbite was recorded more in males and children 

while Scissors bite was not common in this study 

population.
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This study, being the only literature on the transverse 

discrepancy of dental malocclusion in this region, has 

provided the baseline prevalence of scissors bite and 

cross bite in Cross River state, Nigeria. The reports 

from this study would increase the clinician's ability 

to make rational decisions in the prevention and 

treatment of transverse discrepancies. The findings 

will also help the government and hospital 

management to plan their budgets for dental and 

orthodontic training and treatments.
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Abstract

A 35year old female patient presented to the clinic an account of dissatisfaction with her protruding upper anterior 

teeth. She had serious psychological issues while in secondary school due to constant verbal abuse from her mother 

and her schoolmates resulting in her attempt to cut her tooth with a knife. On examination, there was a traumatic 

dental injury running horizontally across the upper right central incisors. The patient's personality was assessed 

using the Big 5 personality test.

 Keywords: Psychological Impact, Malocclusion, Traumatic Dental Injury
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Introduction

Malocclusions are highly prevalent and they have a 
profound effect on the quality of life. It is common for 
individuals to associate difficulty in a relationship, or 

1loss of a job with malocclusion .  Individuals with 
attractive physical characteristics make a better 
impression on others and obtain more privileges due 

2.   
to their appearance Indeed, orthodontic treatment is 
generally associated with gains in quality of life due 
to improvements  in  physical ,  social ,  and 

3psychosocial aspects.   

Presenting Complaint

A 35year old female patient presented to a 
government-owned Orthodontic clinic in Ilorin, 

Kwara, Nigeria with the chief complaints of 
dissatisfaction with her protruding upper anterior 
teeth. 

Medical and Dental History

No medical history of clinical importance, but dental 
history revealed a history of self-inflicted traumatic 
injury to the upper right central incisors. She had 
serious psychological issues while in secondary 
school due to constant verbal abuse from her mother 
and her schoolmates.  She was 15 years of age when 
she attempted to use a knife to cut off her upper right 
central incisors following an altercation with her 
classmate who insulted her and said her teeth were 
like a digger. Her mother had also on different 
occasions called her the same name. Out of 
frustration, she made an unsuccessful attempt of 
cutting up the teeth with a knife. She traumatized the 
tooth leaving an injury that extends to the dentine 
with the resultant sensitivity of the tooth to air and 
water.  She was seen and addressed both at home and 
in public as the girl with the digger teeth.

The patient believes her proclined incisors was a 
contributory factor to some romantic relationship 
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loss. She claimed she lost many relationships that 
could have led to marriage as the men claimed she 
was beautiful except for her teeth. They eventually 
ended the relationship with her.  She however didn't 
know of the possibility of an orthodontic correction 
until she was in the university and had since then 
vowed to have the treatment done as soon as she is 
financially buoyant. Due to her present poor financial 
state, she has been unable to commence treatment.

 Diagnosis

Clinical Assessment

External finding: Examination showed protruding 
upper jaw. The lips are potentially competent with 

vertical maxillary excess. Skeletal assessment is 
pattern II.

Intraoral finding:  - Examination showed full 
complement of permanent dentition. Angle's class II 
malocclusion is complicated by increased overjet 
14mm &11mm, deep and complete bite, severe upper 
anterior spacing 11mm, mild lower anterior spacing 
2.5mm,  lower midline shift to the Rt (2mm), 
increased upper and lower incisal angle,  constriction 
of upper and lower jaw anteriorly and traumatic 
dental injury on the upper right central incisors.  (Fig. 
1)

Traumatic injury on the upper right central incisor

Fig 1  (A-H) Facial and intraoral photograph

Psychological Impact of MalocclusionErnest et al
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Radiographic Evaluation

Intra-oral periapical radiograph of the upper incisors 

shows horizontal bone loss and radiolucency at the 

apex of the centrals. There is also coronal 

radiolucency with pulpal communication (fig 2)

The Patient whose case we reported had her 

Personality assessed using the Big 5 personality 

test.

The scores are between 0 and 40.

Traits

Extroversion (E)

Agreeableness (A)

Conscientiousness ( C)

Neuroticism  (N)  

Openness to Experience (O)

Score

18

33

36

9

28

Comment

This is the personality trait of seeking 
fulfilment from sources outside the self 
or in the community. The patient Scored 
18/40. A low score means patient tends 
to work on their projects alone. 

High scorers are typically polite and 
adjust their behaviour to suit others

High scorers tend to follow rules.

A low score shows the patient is 
confident

High scores may daydream a lot, while 
low scorers may be very down to earth

Table 1

She had high scores on agreeableness and 
conscientiousness which may indicate a personality 
that may want to please others; if people say my teeth 
are like diggers then let me cut them off. She wants to 
take charge and deal with the problem. Her low score 
on Neuroticism shows her confidence in wanting to 
solve the problem instead of becoming moody and 

resorting to self-pity.

Treatment Objectives

1. To restore traumatized maxillary central 
incisor

2. Periodontal therapy of upper anterior teeth

3. To create a satisfactory occlusion correcting 

Psychological Impact of MalocclusionErnest et al
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the class ll molar relationship to a class l 
molar relationship

4. To correct the increased overjet

5. To correct the deep bite

6. To close up the spaces

7. To correct the rotations

Treatment Alternatives

1. Restorative and periodontal treatment 
followed by upper and lower fixed appliance 
therapy non-extraction.

2. Restorative and periodontal treatment 
followed by upper and upper fixed appliance 
therapy with 2-unit extraction.

Treatment could not be carried out on the patient 
whose case we have reported due to financial 
constraints.

 Discussion

In today's world perfect white straight teeth are seen 
as a social standard. People are accorded respect 
based on the appearance of the teeth or deviation of 

4
their teeth from normal  

Severe malocclusion is almost always a hindrance, 
people with protruding upper incisors are likened to 
idiots and a prognathic lower jaw is always used in 
the description of a “witch”. In all, well-aligned teeth 
always carry and infer a positive status to the 
possessor, and not so well- aligned teeth or other 
dentofacial deformities and malocclusions have a 

4
negative impact

Hadam et al concluded that around 40% of patients 
requesting orthodontic treatment had been made fun 
of due to the appearance of their teeth, whereas there 
was no association between the degree of need for 
orthodontic treatment and the need perceived by the 

5patients themselves . This implies patient's perceived 
need is increased due to taunting from other people 
about their appearance.

Multiple studies have shown an association between 
malocclusion and a greater psychosocial impact as 

6-9the condition worsened  revealing also that a 

correct ion of  the  malocclusion improved 
psychosocial impact results and the impact decreased 
after orthodontic treatment.

The objective of the patients that undergo orthodontic 
treatment is to improve their dentofacial aesthetics to 
enhance their self-esteem and to feel socially 

10accepted according to Kiekens et al .

Some studies found a significant correlation between 
lower self-esteem and malocclusion and the 
improvement of self-esteem as a result of orthodontic 

11-12treatment , but Kiyak reported that orthodontic 
13intervention did not significantly affect self-esteem.

In a  study titled “The emotional effects of 
malocclusion among Nigeria orthodontic patients” 

14by Onyeaso, Utomi et al , 27% of the subject were 
depressed the first time they noticed their 
malocclusion, and 55% of them felt the malocclusion 
negatively affected their general facial appearance.   

15According to Ernest M.A et al  in an article on the 
Perception of facial attractiveness among a young 
Nigerian Population, the most important facial 
feature the subjects in the study wanted to change was 
their teeth, however, concerning important features 
that make facial attractiveness, the teeth ranked 
second.  

The mental effect of malocclusion can affect a 
patient's lifestyle and the day-to-day interactions of 
individuals with malocclusion. Different results of 
psychosocial attractiveness research suggest that the 
perception of one's physical appearance is often 
associated with concerns about other people's 

16
reactions and a negative body concept

It has been shown, for instance, that minor dental 
aesthetic impairment in young adults was associated 
with social apprehension, appearance disapproval, 

17
and appearance-related insecurity

This is in accordance with what our patient 
experienced in school and at home, prompting her to 
self-harm. This is in agreement with the study by A. 

18
N.Anosike et all .

Also, previous studies showed that the appearance of 
teeth was found to be very significant for young 

19women .  An association between teeth appearance 
satisfaction and gender has been consistent in the 
literature, with some studies reporting a higher 

20    concern in women
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Conclusion

The psychological effect of malocclusion is 
significant and is associated with appearance 
dissatisfaction and body mutilation. There is an 
urgent need for increased Orthodontic awareness 
creation in the population as this patient was unaware 
of Orthodontic treatment and so sought self-help.  

Professional counselling must be considered for 
individuals with handicapping malocclusion to 
address their psychological needs. 

Treatment could not be carried out on the patient 
whose case we have reported due to financial 
constraints. Due to the economic downtown post-
Covid, a lot of patients cannot afford it. Orthodontic 

care because of competing family needs and the 
dwindling national economy with resulting high 
inflation. Patients like these can benefit from the 
Nigeria Association of Orthodontists establishing 
free orthodontic services for such special cases.  
Financial plans for instalment monthly payments like 
the Carbon Zero financial plan should be made more 
accessible to the public so more clients can assess 
orthodontic treatment.
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Appendix:

 Instructions

In the table below, for each statement 1-50 mark how 
much you agree with on a scale of 1-5, where

 1=disagree, 2=slightly disagree, 3=neutral, 

 4=slightly agree and 5=agree

1.  I'm the life of the party. 

2.  Feel little concern for others. 

3.  I'm always prepared.

4.  Get stressed out easily

5.  Have a rich vocabulary

6.  Don't talk a lot.

7.  I'm interested in people.

8.  Leave my belongings around

9.  I'm relaxed most of the time. 

10.  Have difficulty understanding abstract ideas.

11.  Feel comfortable around people.

12.  Insult people.

13.  Pay attention to details.

14.  Worry about things. 

15.  Have a vivid imagination. 

16.  Keep in the background.

17.  Sympathize with others' feelings.

18.  Make a mess of things. 

19.  Seldom feel blue

20.  I'm not interested in abstract ideas. 

21.  Start conversations.

22.  I'm not interested in other people's problems. 

23.  Get chores done right away.

24.  I'm easily disturbed.

25.  Have excellent ideas.

26.  Have little to say. 

27.  Often forget to put things back in their proper place

28.  Have a soft heart. 

 29.  Get upset easily.

  30.  Do not have a good imagination.

31.  Talk to a lot of different people at parties.

32.  I'm not really interested in others

 33.  Like order.

34.  Change my mood a lot.

35.  I'm quick to understand things

36.  Don't like to draw attention to myself

37.  Take time out for others

38.  Shirk my duties

39.  Have frequent mood swings.

40.  Use difficult words.

41.  Don't mind being the centre of attention

42.  Feel others' emotions

43.  Follow a schedule.

 44.  Get irritated easily.

45.  Spend time reflecting on things.

 46.  I'm quiet around strangers

47.  Make people feel at ease.

48.  I'm exacting in my work 

49.  Often feel blue

50.  I'm full of ideas 
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Statistics
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be numbered consecutively (Arabic numerals) in the 
order of their first citation in the text, with a brief but self 
explanatory title for each.
Each column should have a short or abbreviated heading.
Explanatory matters are placed in footnotes, not in the 
heading. In footnotes all nonstandard abbreviations that 
are used in each table should be explained adequately.
Statistical measures of variations should be identified 
such as standard deviation and standard error of the mean.
Be sure that each table is cited in the text. If data are used 
from another published or unpublished source, it is 
necessary to obtain permission and acknowledge them 
fully.

Figures and Instructions
Figures  should be profess ional ly  drawn and 
photographed; freehand or typewritten lettering is 
unacceptable. Instead of original drawings, X-ray films,
and other material, sharp, glossy, black-andwhite 
photographic prints of high quality are necessary, usually 
127x 173 mm (5x7 in) but no larger than 203x254 mm 
(8x10 in) For color illustrations negatives or positive 
transparencies are provided, along with color prints. It is 
preferable to have the photograph in portrait form rather 
than in landscape form to fit easily into one column.
Letters, numbers and symbols in photographs should be 
clearly legible.

Each figure should have a label pasted on its back 
indicating the number of the figure, author's name, and 
an arrow to mark the top and left side of the figure.
It is unacceptable to write on the back of figures or 
scratch or mark them by using paper clips, and to bend 
figures or mount them on cardboard. If photographs of 
individual/people are used, either the subjects must not 
be identifiable or their pictures must be accompanied 
by written permission to use the photograph. It is 
advisable to cover the eyes unless specifically need to 
be shown. If a figure has been published, the original 
source should be acknowledged and written permission 
from the copyright holder be obtained to reproduce the 
material. Figures should be numbered consecutively 
(Arabic numerals) according to the order in which they 
have been first cited in the text.

Legends for Illustrations
Legends for illustrations should be typed or printed out 
in double-space, starting on a separate page, with 
Arabic numerals corresponding to the illustrations.
When symbols, arrows, numbers, or letters are used to 
identify parts of the illustrations, each of them must be 
identified and explained in the legend. The internal 
scale should be explained and the method of staining in 
photomicrographs be identified.

Units of Measurement
Measurements of length, height, weight, and volume 
should be reported in metric units, i.e., meter(m), 
gram(g), or liter(l) or their decimal multiples.
Milliliter or deciliter should be expressed as ml or dl.
Red and white blood cell counts are to be expressed as 
63 x10 /mc l and x10/ mc respectively. Temperatures 
should be given in degrees Celsius and blood pressures 
in millimeters of mercury (mmHg). All hematological 
and clinical chemistry measurements should be 
reported in the conventional system or in terms of the 
International System of Units (SI).

Abbreviations and symbols
Only standard abbreviations are used in the text while 
avoiding abbreviations in the title and abstract.
The full term for which an abbreviation stands should 
precede its first use in the text unless it is a standard 
unit of measurement. Year, month, day, hour, minute 
and second should be abbreviated as yr, mon, d, h, mm, 
and s in tables respectively.
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