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ABSTRACTABSTRACTABSTRACTABSTRACT::::    

Objective:Objective:Objective:Objective: The aim of the present study is to evaluate the 
diagnostic capability of Little irregularity index (LII) to estimate 
arch length deficiency (ALD) in a dental arch.  

Material and methods: Five hundred dental casts were 
selected from 1000 study models from the patients (12-14 years 
old) attending the Dental Clinic of Orthodontic, in Tanta 
University. The casts were categorized according to sex, degree of 
crowding and upper or lower. In order to classify cases according 
to degree of crowding ALD was calculated as the difference 
between available and required space in each dental arch anterior 
to the first permanent molars. LII was calculated on each cast by 
measuring the linear displacement between the six anterior teeth, 
and was contrasted with the dichotomized ALD. The receiver 
operator characteristic curve (ROC) was applied to suggest optimal 
cut-off points for LII to estimate ALD. 

Results: Results: Results: Results: High correlation was observed between ALD and LII 
(-0.91, P<0.0001).  According to ROC curve, LII of >0, >3.5, >6mm 
were optimized cut-off points to estimate minimum, moderate  
and severe crowding respectively. Regarding the analysis of ROC  
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curve for minimum crowding cases, LII was found to have the 
highest diagnostic capability of >0mm or minimum crowding with 
sensitivity 1.00 and specificity 1.00, then the moderate crowding 
with sensitivity 96.45 and specificity 97.96 and severe crowding 
with of sensitivity 91.95 and specificity 84.05.  

ConclusionConclusionConclusionConclusion: The results of ROC provided useful insights of the 
potentiality of LII to estimate negative ALD of the dental arch.  

INTRODUCTION 

Crowding is the main reason why people request orthodontic 

treatment 
(1-3)

.  Dental crowding is defined as a discrepancy between tooth 

size and jaw size that results in misalignment of tooth row and 

malocclusion
(4)
.  

Over the past hundred years, several methods and indices have been 

reported in the literature for the assessment of malocclusion in 

quantitative manner
(4-7)

. In addition, the index of orthodontic treatment 

need
(8)
, and the Index of Complexity, Outcome, and need

(9)
.  

  An index is defined as a numerical value describing the relative 

status of population on a graduated scale with definite upper and lower 

limits which is designed to permit and facilitate the comparison with other 

population 
(10)

 .Certain characteristics of an ideal index of malocclusion 

were identified and include: reliability or reproducibility, validity, 

simplicity, objectivity, inexpensive procedure, equipment, ease of 

performance and achievement of rapid results 
(11)

. Several indices have 

been reported for assessing malocclusion for epidemiological studies
(12)

 

.Only LII
(12-14)

 combines the advantage of being less time consuming and 

has been previously been used in epidemiological surveys. It measures the 

degree of labio-lingual displacement of any slipped contact points of the 

six anterior teeth. The method described by Little 
(13)

 recognizes the 

problem that contact points and incisal edges that the brass wire is used to 

measure are areas of approximation rather than discrete contact points, he 

offered measuring the sum of the labio-lingual overlap of six anterior. 
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ALD refers to an imbalance between the available and required 

spaces in dental arch to accommodate all teeth aligned perfectly
(15,16)

. 

When available space results in a deficiency, a negative ALD or dental 

crowding is diagnosed. When the available space required for adequate 

tooth alignment, a positive ALD or dental spacing is diagnosed. The ALD 

can be carried out by several methods and the results may be expressed 

directly in millimeter or by means of crowding index, all of these were 

proposed to be used in clinical setting or in dental cast 
(4, 17, 18)

. 

The correlation between LII and anterior ALD measured from canine 

to canine for the lower teeth has been previously reported by Harris et al
(18)

. 

The association between incisor irregularity and ALD, when measured on 

complete dental arches and not only from canine to canine has not been 

reported until Bernabe and Flores
(19)

 contrasted complete ALD and the 

irregularity index and applied it to upper and lower arches.  

The present study was conducted to evaluate the diagnostic capability  

of LII to measure crowding in whole dental arch in epidemiological survey 

compared with the conventional ALD by using ROC to suggest optimal cut off 

points for LII which allowed for estimation of ALD. 

MATERIAL AND MATHODS 

A sample of 1000 upper and lower study models was randomly 

selected from a population that attends the Dental Clinic of Orthodontic in 

Tanta University according to the following:  

1- Children ranged between 12 and 16 years. 

2- permanent teeth was fully erupted and present from right 1
st
 permanent 

molar to the left 1
st
 permanent molar. 

3- No history of previous orthodontic treatment, no obvious interproximal 

or occlusal wear of teeth and no extraction.  

Models were eliminated from sample because the presence of:  

1- Broken study models.  

2- Gross restorations, build ups, crowns, onlays, class II amalgam or    

proximal restoration that affects the mesiodistal diameter. 
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3- Congenitally missing teeth and impacted teeth. 

4- Gross carious teeth with involvement of the mesial and distal surfaces. 

5- Supernumerary teeth.  

After the selection process was completed the final sample consisted 

of 500 upper and lower  models. 

Calculation of ALD 
(20).

 

1- The sum of the greater mesiodistal width of each tooth was 

measured from the right 2
nd
 premolar to the left 2

nd
 premolar. 

Measurement of the mesiodistal diameter of the teeth was made directly 

on the casts by using manual Boley gauge ( Dentarum, Pforzheim, 

Germany ) accurate to the nearest 0.1 mm with fine tips to improve access 

to interproximal distance. The Boley  gauge tip was held perpendicular to 

the long axis of each tooth and the mesiodistal dimensions were obtained 

by measuring the maximum distance between the two sides of tooth on a 

line parallel to the occlusal and perpendicular to buccal surfaces. 

2- The amount of space available is determined by adapting a length 

of 0.025 inch diameter brass wire to fit from the mesial marginal ridge of 

the left first permanent molar around the arch to the mesial marginal ridge 

of the right first permanent molar.  

• The brass wire should pass over the imagined correct position of the 

cuspid, the center of the buccal cusps of the bicuspids and the incisal 

edge of the lower teeth while in the maxilla passes along the central 

fossae of the posterior teeth and cingula of anterior teeth. 

• The wire should be a smooth arch, free from kinks and should simulate 

the desired arch form. 

3- The length of the brass wire, determined in millimeter, is regarded 

as the available space for the total complement of the dentition which 

consisted of: the 1st and 2nd bicuspids, cuspids and lateral and central 

incisors of both the right and left sides of the arch. 

To calculate ALD, the space available was subtracted from the space 

required. Then the results were interpreted as follow 
(21)

: 
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• Dental arches with negative ALD were defined as crowding. 

• Dental arches with positive ALD were defined as spacing. 

• Dental aches with negative ALD from0 to 3 mm were defined as minimum 

crowding.  

• Dental arches with negative ALD from 3 to 6mm were defined as moderate 

crowding.  

• Dental arches with negative ALD more than 6 mm were defined as severe 

crowding. 

Calculation of Little irregularity index
(13)
 ( Fig 1): 

� Measurement of the horizontal linear displacement of anatomic contact 

points of six maxillary and mandibular anterior teeth was obtained 

directly from the study models, using electronic digital caliper 

(Stainless hardened Sakara).              

� The cast was viewed from above, sighting down onto the incisal edges 

of the anterior teeth, and the caliper was held consistently parallel to 

the occlusal plane while obtaining each measurement. 

 

 

 

 

 

 

 

 

 

 
 

Fig (1) Horizontal linear displacement of contact points 
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Assessment of reproducibility: 

 Intra-examiner reproducibility of the method of measurement was 

tested. Measurements were undertaken twice, when the first and second 

measurements differed by more than 0.2 mm, the tooth was measured 

again and this third measurement was then registered. When both 

measurements differed by less than 0.2 mm, the original measurement 

was accepted. 

Statistical analysis: 

The data were judged statistically and analyzed as follow
 (22)

: 

1- Descriptive statistics were calculated as frequencies and percents for 

qualitative variables (sex, jaw, crowding categories) while means and 

standard deviations for quantitative variables (ALD and LII). 

2- Comparison of crowding condition between males and females as well as 

between upper and lower arches was done using Mann Whitney U test. 

3- Comparison of ALD and LII among the crowding groups was done 

using analysis of variance and Kruskal Wallis test followed by Scheff 

post hoc test and Mann Whitney U test respectively for pairwise 

comparison. 

4- Comparison of ALD between sexes and arches was done using t test 

while the same comparison for LII was done using Mann Whitney U test. 

5- Non parametric correlation between ALD and LII was done using 

Spearman rho. 

Receiver Operator Characteristic Curve:  

 ROC describes the inherent detection characteristic of the diagnostic 

test. It was used to assess the accuracy of LII to detect crowding using 

cut-off points based on ALD. The ROC provides a quantitative 

assessment of diagnostic capability of LII to estimate ALD. The better 

method appears close to the upper left hand corner of ROC graph. ROC 

plots the true positive (TP) ratio (sensitivity) versus false positive (FP) 

ratio (specificity) while the cut-off value for a positive or negative result 

is varied (fig 2). 
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Fig (2)  ROC curve 

The area under curve, sensitivity, specificity 
(23) 

with confidence 

intervals for both measures was calculated and suitable cut off points 

were selected. 

• Sensitivity: is the true positive (TP) ratio and is calculated as  
(TP/ TP+False negative). This measures the proportion of patient with 

specific condition (identify ALD when it is really present).  

• Specificity: is the true negative (TN) ratio and is calculated as  
(TN/ TN+False Positive). This measures the proportion of patient 

without specific condition. 

RESULTS 

The results of the present study will be presented in Tables (1:13). 

Table (1) Sample description. 

Sex 
Male N= 263(52.6%) 

Female N= 237(47.4%) 

Jaw 
Upper N= 274(54.8%) 

Lower N= 226(45.2%) 
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Table (2) Distribution of ALD and its categories among study sample. 

ALD 
Min- max -13.00 - 16.00 

Mean ± SD -4.18 ± 4.52 

Spacing/ crowding 

Spacing: N=98(19.6%) 

Normal: N=90(18%) 

Mild crowding: N=96(19.2%) 

Moderate crowding: N=110 (22%) 

Severe crowding: N=106(21.2%) 

Total  500(100%) 

Table (3) Distribution of crowding in different sexes. 

Spacing/ crowding 
Male 

N (%) 

Female 

N (%) 

Spacing 40 (17.4) 58 (21.4) 

Normal 34 (14.8) 56 (20.6) 

Minimum crowding 43 (18.8) 53 (19.5) 

Moderate crowding 62  (27) 48 (17.7) 

Severe crowding 50 (21.8) 56 (20.6) 

Total 229 (100) 271 (100) 

Z of MWU test 

P value 

0.52 

0.60 

Table (4) Distribution of crowding in different arches. 

Spacing/ crowding 
Upper arch 

N (%) 

Lower arch 

N (%) 

Spacing 60 (22,9) 38 (15.9) 

Normal 47 (17.9) 43 (18) 

Minimum crowding 45(17.1) 51 (21.4) 

Moderate crowding 58 (22.1) 52 (21.8) 

Severe crowding 52 (19.8) 54 (22.7) 

Total 262 (100) 238 (100) 

Z of MWU test 

P value 

1.10 

0.27 
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Table ( 5) comparison of ALD between males and females. 

 Males Females 

Mean ± SD 5.07 ± 3.95 4.93 ± 3.87 

MWU test 

P value 

0.29 

0.77 

 

Table ( 6) Comparison of ALD between upper and lower arches. 

 Upper Lower 

Mean ± SD -4.27 ± 4.70 -4.08 ± 4.35 

T test 

P value 

0.39 

0.70 

 

Table ( 7) Comparison of LII between males and females. 

 Males Females 

Mean ± SD 5.07 ± 3.95 4.93 ± 3.87 

MWU test 

P value 

0.29 

0.77 

 

Table (8) Comparison of LII between upper and lower arches. 

 Upper Lower 

Mean ± SD 5.47 ± 4.01 4.52 ± 3.75 

MWU test 

P value 

2.26 

0.76 

 

Table (9) Comparison of ALD among different spacing/ crowding groups. 

 Spacing Normal Mild crowding Moderate crowding Severe crowding 

Min, max 2.0, 13.0 0, 0 -3.0, -0.5 -6.0, -3.5 -16.0, -6.5 

Mean ± SD 6.71± 3.80a 0 ± 0b -2.21 ± 0.78c -5.10 ± 0.86d -9.41 ± 2.41e 

ANOVA 

P value 

536.84 

<0.0001* 

* Statistically significant at P ≤0.05 
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ALD 
20.00 10.00 0.00 -10.00 -20.00

LII 

20.00 

15.00 

10.00 

5.00 

0.00 

Table (10) Comparison of LII among different spacing/ crowding groups. 

 Spacing Normal Mild crowding Moderate crowding Severe crowding 

Min, max 0, 8 0, 0 0.5, 5.0 2.5, 15.0 0.5, 17.0 

Mean ± SD 0 ± 0a 0 ± 0a 2.15 ± 0.82b 6.19 ± 2.12c 9.57 ± 2.77d 

X2 of Kruskal 

Wallis test 

P value 

288.53 

 

<0.0001* 

* Statistically significant at P ≤0.05 

a,b, c, d and e: Different letters denote statistically significant differences 
between pairs of groups, value within spacing column followed by the same 
letter in no crowding column were not statistically significant. 

Correlation between ALD and LII: 

Figure (3) shows the scatter plot between ALD and LII. Spearman 
rho-0.91, P<0.0001, showing strong, negative and statistically significant 
non parametric correlation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (3): Correlation between ALD and LII 
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Regarding the ROC analysis: 

LII was compared to negative ALD greater than 0 mm (minimally 

crowded arch. The area under the curve was 100%. An optimized cut off 

point >0 on LII was chosen to estimate negative ALD. The cut off point 

had sensitivity of 100.00 (95% CI 96.2 - 100.0) and specificity 100.00 

(95% 93.0 - 100.0) (Table 11 and Figure 4). 
 

Table (11): ROC for ability of LII to detect minimum crowded arches  

N minimum crowding cases 96 

N non minimum crowding  188 

Area under curve AUC (SE) 1.00 (0) 

Confidence interval (lower, upper) 0.98, 1.00 

P value <0.0001* 

Cut off point >0 

Sensitivity (CI) 100 (96.2- 100) 

Specificity (CI) 100 (93- 100) 

LII
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Fig (4) ROC curve plotting LII contrasted with minimum crowded arch. 
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Similarly when LII was contrasted with negative ALD greater than 

3mm (moderately crowded arches), an optimized cut off point >3.5 on LII 

was chosen, it presented a sensitivity of   96.45 (95%92.8 - 98.6) and 

specificity 97.96 (95% 94.2 - 99.6). In this case the area below the ROC 

was 0.99(Table 12 and Figure 5). 
 

Table (12) ROC for ability of LII to detect moderately crowded arches  

N moderately crowded cases 216 

N non moderately crowded cases 284 

Area under curve AUC (SE) 0.99 (0.004) 

Confidence interval (lower, upper) 0.98, 0.99 

Z statistic 131.18 

P value <0.0001* 

Cut off point >3.5 

Sensitivity (CI) 96.45 (92.8- 98.6) 

Specificity (CI) 97.96 (94.2- 99.6) 

LII
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Fig (5) LII contrasted with moderate crowded arch 
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LII
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Finally when LII contrasted with severely crowded arches an 

optimized cut off point of >6 on LII was chosen, it had a sensitivity of 

91.95(84.1- 96.7) and specificity of 84.05(79.0- 88.3).The area under 

ROC was 0.93(0.02) (Table1 and Figure 6). 

 
Table (13) ROC for ability of LII to detect severely crowded arches  

N severely crowded cases 106 

N non severely crowded cases 394 

Area under curve AUC (SE) 0.93 (0.02) 

Confidence interval (lower, upper) 0.90, 0.96 

Z statistic 28.48 

P value <0.0001* 

Cut off point >6 

Sensitivity (CI) 91.95 (84.1- 96.7) 

Specificity (CI) 84.05 (79.0- 88.3) 

 

 

 

 

 

 

 

 

 

 

 

Fig (6) LII contrasted with severe crowded arch 
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DISCUSSION 

The current study examined two methods used for space analysis, 

and tested the validity of simple diagnostic test that relies on measuring 

incisor irregularity to detect the crowding in whole dental arch. Thus far, 

the best method for determining the validity of diagnostic measure is the 

ROC which is equivalent to plotting sensitivity and specificity of LII at 

all its possible cut off points 
(22)

. The visual simplicity of the ROC data   

display and the quantitative expression of each curve make this technique 

a flexible and easily interpreted from data summary. Because an ROC 

curve displays data at continuously changing cut off points instead of one 

arbitrarily defined value, it is considered superior to data analysis. The 

area under the ROC curve provides information about the general 

goodness of the test, not the interpretation of test result 
(24)
. A perfect test 

has an area 1.0 whereas a non informative test has an area 0.5 or less 
(25).

 

A diagnostic test generally has a cut off value; each cut off point 

represents a sensitivity and specificity combination 
(26)

. The sensitivity of 

test is its ability to identify patients with specific condition, whereas the 

specificity of a test is its ability to correctly identify patients without 

specific condition and the most useful diagnostic test has both high 

sensitivity and specificity. LII in the study was treated as a diagnostic test 

to identify patients with minimum, moderate and severe crowding then 

ROC curve was generated to contrast LII with three different categories 

of crowding. This allowed for selection of a cut-off point at a position 

along the curve that maximizes the objective of the test. 

With respect to gender the results showed that there was no 

statistically significant difference for ALD and LII between males and 

females.  The obtained result was in agreement with earlier studies 
(27-29)

. 

On the other hand some authors 
(30, 31)

 found that males having a 

significantly higher prevalence of malocclusion with incisor irregularity 

and orthodontic treatment needs than females. They concluded that the 

ethnicity, sex, age, combined to explain differences in irregularity index 

among the individuals.  

The results also showed that no significant difference was found 

between upper and lower arches for ALD and LII. This result agreed with 
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Bernabe and Flores
(19) 

and Ajayi
(29)

,
 
 but contradicts with a study by 

Mugonzibwa et al 
(32)

 as showed that spacing was more often found in  

the maxilla, while crowding was more common in the mandible.  

Mugonzibwa et al
(32)

 study was conducted on Tanzanian African and 

Caucasian children, correspondingly, genetic factors may influence 

variation in space anomalies among different ethnic groups in addition to 

the environmental factors which can affect the occlusal similarities within 

families
(33)

. 

Regarding the association between LII and ALD in this study 

resulted in high correlation value (-0.91), the negative sign in the 

calculated correlation coefficient indicated that the higher LII, the greater 

the negative ALD and vice versa. The high correlation offers theoretical 

support to consider the LII as an estimator of ALD, as previously applied 

in mixed dentition analysis and in permanent dentition 
(34)

. 

The result of this correlation is contradicted to that obtained by 

Harris
(18)

. He reported a moderate and positive correlation (0.46), and 

considers that LII provides complementary information with ALD, which 

is more sensitive indicator of the amount of space actually needed for 

alignment as they are not measuring the same trait. This difference was 

attributed to the selection of the study samples. Harris used a study 

sample of post treatment relapse, and the only criterion for case selection 

was that the subjects come to the office for a long term post-retention 

recall appointment. So tooth size and /or arch perimeter (ALD analysis) 

could be affected by treatment.  

Regarding the analysis of ROC curve for minimum crowding cases, 

LII of >0mm was the optimized cut-off point chosen to estimate 

minimum crowding with sensitivity 1.00 and specificity 1.00. The results 

of ROC provided useful insights of the potentiality of LII to estimate 

negative ALD, particularly in estimating minimum crowding which was 

found to have the highest diagnostic capability. The most useful 

diagnostic test has both high sensitivity and specificity 
(35).

 So based on 

high sensitivity and specificity of LII cut off point of >0, we might 

conclude that the more working time of ALD is not justified to identify 

patients with minimum crowding, and time could be saved if only LII is 

used in calculation the crowding. 
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 In the study of Bernabe and Flores
(19)

 when evaluated the ROC 

curve for minimum crowding a LII cut-off point of 2.45 was chosen with 

sensitivity 0.77 and specificity 0.72. They stated that the highest 

sensitivity and specificity values was found for the cut-off point 4.00 

(0.78, 0.76 respectively), and LII have the highest diagnostic capability to 

estimate negative ALD more than 3mm (moderate crowded arches) 

compared with 0 or -6mm of ALD in the dental arch. This conflict of the 

results could be related to the fact that their values could have been 

affected by low prevalence of ALD of the total sample and increasingly 

low prevalence of crowding in each of the dichotomized group. The 

prevalence of ALD greater than 0 mm was 55.5%, whereas the prevalence 

of ALD greater than 6mm was only 8.5%. Meanwhile, in the present 

study the prevalence of the ALD were21.4%, 21.8%, 22.7% for 0, 3, 6mm 

ALD respectively, nearly there was an equal distribution of the ALD 

presented in all dichotomized group.    

In moderate crowding cases, the ROC curve analysis suggested an 

optimized cut-off point of >3.5mm on LII to estimate negative ALD 

greater than 3 (moderate crowding), it presented with sensitivity 96.45 

and specificity 97.96,  while the LII cut-off point >6mm of sensitivity 

91.95 and specificity 84.05 was chosen to estimate negative ALD greater 

than 6mm( severely crowded arches). This indicated that LII could be 

used in moderate and maximum crowding cases with excellent and good 

results respectively to estimate negative ALD.   

By comparing the area under the ROC curve to gain information 

about the general goodness of the test, it was found that LII is a valid in 

estimating negative ALD in dental arch, and it could potentially be used 

especially in epidemiological settings as good and less time consuming 

measurement of crowding compared with visual inspection or computerized 

analysis 
(36, 37)

. 

For case analysis when the axial inclinations of the anterior teeth 

diverge or when the teeth displaced but do not overlap, space analysis 

may consider essential to be incorporated into a total diagnostic scheme to 

be optimally useful to properly diagnose a malocclusion.   
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CONCLUSIONS 

On the basis of data obtained, the conclusion of the present study can 

be summarized as following: 

1. There was high correlation found between LII and ALD. 

2.  LII was shown to have the highest diagnostic capability to estimate 

minimum crowding. 

3. High sensitivity and specificity values for moderate and severe 

crowded arches offered a theoretical support to propose incisor 

irregularity as estimator for moderate and severe crowding. 

4. The result may suggest that LII could be used in epidemiological 

survey as a valid measurement of ALD and for case analysis with 

minimum crowding.  
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