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Abstract 

 
INTRODUCTION: Curve of Spee is a naturally 

occurring phenomenon in the human dentition. 

This normal occlusal curvature is required for an 

efficient masticatory system, has clinical 

importance in orthodontics and restorative 

dentistry. 

Aims: the purpose of this study was to examine 

the differences in the curve of Spee between the 

maxillary and mandibular arches. The effects of 

gender on the curve of Spee were also investigated 

in a group of young Libyan population.  

MATERIALS AND METHODS: A study 

consisted of 60 students (29 males and 31femeles), 

between 18- 25 years. Impression of maxillary and 

mandibular arches was made with alginate. Casts 

were poured in die stone, 120 dental casts toke 

from both males and females, from dental 

Technician students in the higher institute of 

science and medical technologies in messellata 

beginning from September 2017 to February 2018. 

The depth of curve of Spee was measured with a 

Vernier Caliper as the perpendicular distance 

between the deepest cusp tip and a flat plane that 

was laid on the occlusal surface of the mandibular 

and maxillary dental casts. Measurements of the 

curve of Spee were taken on the left and right 

sides, were analyzed and statistically compared in 

SPSS version 20 by students "t" test (P < 0.05). 

 Results: The mean values were as follows: a) 

Upper: depths of curve of Spee in right and left 

maxillary arch were 1.26±0.56 and 1.28 ±0.57 

respectively; b) Lower; depths of curve of Spee in 

right and left mandibular arch were 1.93±0.80 and 

1.97 ±0.91 respectively. The mean deepness was 

3.95 (±1.23mm), while in males the mean 

deepness was 4.27 (±1.62) mm. 

CONCLUSIONS: 

The curve of Spee was influenced by the gender of 

the subjects investigated. The shape of the curve 

of Spee in the maxillary arch was significantly 

flatter than that in the mandibular arch. 

1. INTRODUCTION 

Curve of Spee (COS) is a naturally 

occurring phenomenon in the human 

dentition. This normal occlusal 

curvature is required for an efficient 

masticatory system. Exaggerated 

curve of Spee is frequently observed 

in dental malocclusions with deep 

overbites [1]. Such excessive curve of 

Spee alters the muscle imbalance, 

ultimately leading to improper 

function occlusion.The curve of Spee 

was first described by Ferdinand. 

Graf von Spee in 1890. He used 

skulls with abraded teeth to define a 

line of occlusion.That line of 
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occlusion lies on a cylinder that is 

tangent to the anterior border of the 

condyle, the occlusal surface of the 

second molar, and the incisal edges of 

the mandibular incisors (Figure.1). 

Based on his studies, Spee 

introduced three propositions: 

Proposition one: Spee indicated that 

from a profile view, the molar 

surfaces lie on the arc of a circle 

which, continued posteriorly, touches 

the anterior border of the condyle. 

Proposition two: It is easy to 

demonstrate the curve in cases with 

marked attrition than in cases with 

well-preserved cusps. 

 Proposition three: When other points 

besides molars were included in 

measurements from the line of 

occlusion, they along with the 

condyle, could be on a common arc 

[2].  

The curve of Spee is defined by the 

distal marginal ridges of posterior 

teeth and incisal surfaces of the 

central incisors [3]. It is concave in 

the lower jaw and convex in the upper 

jaw [4]. 

The COS refers to the anatomic 

curvature of the mandibular dentition 

and can be explained as the arc of a 

curved plane that lies tangent to the 

cusp tips and incisal edges when 

viewed from the sagittal direction [5]. 

 

 

(Figure.1) curve of spee 

The curve of Spee may suffer from 

physiological changes with age or 

pathological changes due to rotation, 

inclination or extrusion of teeth.It has 

been suggested that the curve of Spee has 

a biomechanical function during food 

processing by increasing the shear 

strength of posterior teeth and the 

occlusion efficiency during mastication 

[6].  

1.2 Development of the spee 

curve 

Factors affecting the development of 

curve of Spee. 

1. Dental factors 

The development of the COS is likely 

due to a combination of factors 

including dental eruption timing, 

craniofacial variation, and 

neuromuscular factors [7]. Perhaps 

the mandibular molars and incisors 
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are permitted to erupt beyond the 

original occlusal plane due to the fact 

that they erupt earlier than their 

maxillary antagonist and are therefore 

unopposed [8]. 

2. Dentition stage 

The occlusal plane is flat in the 

complete deciduous dentition. During 

the transition into mixed dentition, 

increases largely with the eruption of 

the central incisors and first 

permanent molars, and finally reaches 

a maximum with the eruption of the 

permanent second molars where it 

remains stable throughout 

adolescence and into adulthood [8]. 

3. Malocclusion  

Curve of Spee is the most severe in 

Class II division 2 subjects, followed 

by Class II division 1 subjects, then 

Class I subjects, with the least amount 

of depth is detected in Class III 

subject [9]. 

4. Facial pattern 

In humans, an increased COS is often 

seen in brachycephalic facial patterns 

and associated with short mandibular 

bodies. 

1.3 Significance of the spee curve: 

A significant curve of Spee is often 

evident in malocclusions with deep 

overbites and is frequently leveled as 

part of overbite reduction [10].The 

orthodontic correction of deep 

overbite can be achieved with several 

mechanisms that will result in true 

intrusion of anterior teeth, extrusion 

of posterior teeth, or a combination of 

both [11],[12]. It has been advocated 

that deep bite and deep curve of Spee 

can be corrected by extrusion of 

molars, because the intrusion of 

anterior teeth has a high potential for 

relapse whereas extrusion of posterior 

teeth remains relatively stable [12]. 

The curve of spee serves as an 

important diagnostic tool in 

determining centric occlusion and 

protrusive disocclusion in 

combination with anterior guidance 

and condylar guidance [13]. The 

normal range for curve of Spee as 

described by Andrews is within at to 

2.5mm. The importance of curved 

occlusal planes to clinical dentistry is 

demonstrated most commonly in 

prosthodontics and orthodontics. 

Proper management of the curve of 

Spee is critical for the construction of 

stable complete dentures and implant 

supported [13]. 

1.4 Measurements curve of spee: 

The curve of Spee is often observed 

through placement of a flat plane on 

top of the mandibular and maxillary 

study model and visualizing the curve 
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from the lateral perspective. The 

studies to investigate the curve of 

Spee have used a variety of methods, 

this lack of consensus compromises 

comparative data on the curve of 

Spee. For example: 

1. Baldridge: the sum of the distances 

from all teeth in a quadrant to the 

occlusal plane (right and left sides 

have separate measurements) [14].  

2. Sondhi: The sum of perpendicular 

distance from cusp tips of canine, 

premolars, and mesiobucal cusp tip of 

first molar to the occlusal plane (line 

connecting distobucal cusp of first 

molar and incisors) from the right 

side only [15]. 

3. Bishara: The average of the sum of 

the of the peripendicular distance 

from cusp tips of canine, premolars 

and mesiobucal cusp of the first 

molar to a reference line drawn from 

the incisal edge of the central incisor 

to the distal cusp tip of the second 

premolars [16]. 

4. Braun:  The sum of right and left 

side maximum depths of COS on 

both sides to a plane formed between 

the incisal edged and the distobuccal 

cusp of the second molar.[17], and 

[10]. 

5. Marshal et.al and Ahmad I et.al. 

the summation of the maximum 

perpendicular distance divided by two 

where the reference line is from the 

central incisors to the distal cusp tip 

of the most posterior teeth. [5], [18]. 

6. De Praeter et al used a plane 

formed between the lower incisors 

and the distobuccal cusp of the 

second molar and summed the 

perpendicular distance between the 

canine, premolar and molar cusp tip 

to the constructed reference line on 

both sides [11]. 

The study aimed to measure the depth 

curve of Spee on the dental casts in 

normal occlusion of human 

permanent healthy dentition among a 

sample of dental technician students 

in the higher institute of science and 

medical technologies messallata. And 

to compare the deepest point curve of 

Spee in male and female subjects on 

right and left sides.  

2. Literature review  

Sushma Krishnamurthy et al (2017) 

Study depth of curve of spee in 50 

young ages between 19 to 24 years, 

the depth of the curve of Spee were 

measured from the digital 

photographs of maxillary and 

mandibular dental casts, between men 

and women and the difference 

between maxillary and mandibular 

arches. The results demonstrated that 
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the mean values were in men depths 

of curve of Spee in maxillary and 

mandibular arch were 1.65±0.67 and 

1.49±0.74 respectively and in women 

depths of curve of Spee in maxillary 

and mandibular arch were 1.45±0.54 

and 1.40±0.61 respectively. This 

study concluded that the depths of 

curve of Spee were larger in 

maxillary than mandibular arches in 

both men and women. Also, the 

difference in the radii of mandibular 

arch was statistically significant 

between men and women [19]. 

Marshall et al. in 2008 described the 

development of the COS by 

evaluating the dental casts of subjects 

taken at seven serial time points 

throughout growth and maturation., 

The resulted demonstrated in the 

deciduous dentition, the curve of 

Spee is minimal. At mean ages of 

4.05 and 5.27 years, the average 

curve of Spee depths are 0.24 and 

0.25 mm, respectively. With change 

to the transitional dentition, (mean 

age, 6.91 years), the curve of Spee 

depth increases significantly to a 

mean maximum depth of 1.32 mm. in 

(mean age, 12.38 years), when the 

depth increases to a mean maximum 

depth of 2.17 mm. and In the 

adolescent dentition (mean age, 16.21 

years), the depth decreases to a mean 

maximum depth of 1.98 mm, and, in 

the adult dentition (mean age 26.98 

years), the curve remains unchanged 

(P = 0.66), with a mean maximum 

depth of 2.02 mm. No significant 

differences in curve of Spee 

development were found between 

either the right and left sides of the 

mandibular arch or the sexes. This 

study concluded to the curve of Spee 

initially develops as a result of 

mandibular permanent first molar and 

incisor eruption. The curve of Spee 

maintains this depth until the 

mandibular permanent second molars 

erupt above the occlusal plane, when 

it again deepens. During the 

adolescent dentition stage, the curve 

depth decreases slightly and then 

remains relatively stable into early 

adulthood [5]. 

Another study was under taken by Xu 

H et, al 2004, to examine the 

differences in the curve of Spee 

between the maxillary and 

mandibular arches and effects of 

gender on the curve of Spee. A Fifty 

Japanese adults with permanent 

healthy dentitions participated. 

Standardized digital pictures of the 

right side of maxillary and 

mandibular dental casts were made 

with a digital camera. The cusp tips 

of the molars, premolars, and canines 

of the maxilla and mandible were 

identified. The radius and the depth of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15583558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15583558
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the curve of Spee were measured on 

the dental casts by means of computer 

software .This study showed a mean 

radius of approximately 106.4 mm in 

the maxillary arch and 83.4 mm in the 

mandibular arch. Radii of the curves 

of Spee in the maxillary arch were 

significantly larger than those in the 

mandibular arch and had a depth of 

approximately 1.6 mm in the 

maxillary arch and 1.9 mm in the 

mandibular arch. The depth of the 

curve of Spee in the mandibular arch 

was significantly deeper than that in 

the maxillary arch. The curve of Spee 

was not influenced by the gender of 

the subjects investigated. The shape 

of the curve of Spee in the maxillary 

arch was significantly flatter than that 

in the mandibular arch [7]. 

 3. MATERIAL AND 

METHODS 

3.1 Sample size:  

A sample size of 60 students (29 males 

and 31femeles), 120 dental casts toke 

from both males and females, from 

dental Technician students in the higher 

institute of science and medical 

technologies in messellata beginning 

from September 2017 to February 2018, 

not requiring fixed orthodontic treatment. 

Present study was done in the lab of 

dental technology department. The age of 

the subjects was in the range of 18-25 

years, with the following criteria: 

3.1.1 Inclusion criteria: 

 1. Complete permanent dentition, 

including the second molars (at least 

28 teeth)  

2. Skeletal Class I malocclusion 

3. Normal occlusion with minimal 

discrepancy, 

4. Normal occlusion with normal 

overjet, Normal overbite and 

maximum intercuspation 

5. Normal arch shapes with minimum 

dental crowding 

3.1.2 Exclusion criteria: 

1. Deciduous or mixed dentition. 

2. Malocclusion. 

3. Subjects with supernumerary teeth,  

4. Skeletal or dental cross bites, 

5.  Moderate to severe crowding and 

open bite or deep bite  

6. Previous or current orthodontic 

treatment 

7. Extensive restoration, cast 

restoration or cuspal coverage 

8. No temporomandibular joint 

problem 

9. No pathologic periodontal 

condition. 

3.2 Materials: 

1. Alginate ((Tropicalgin, Thixotropic 

Zhermack (RO) Italy) 

2. Dental stone (Dentostone, Italy) 

3. Distilled Water 
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3.3 Instruments and device: 

1. Bowel 

2. Spatula 

3. Vernier Caliper 

4. Vibrating device  

5. Cast trimmer 

6. perforated plastic Impression Trays 

3.4 Method: 

3.4.1 Casts preparation:  

Dental casts were made in type III 

stone (stone; whip mix, locusville, 

ky) from Alginate impression 

(Tropicalgin, Thixotropic Zhermack 

45021 Badia polesine (RO) Italy). 

The impression material was 

manipulated according to the 

manufacturer’s instructions and 

Alginate impressions were made for 

all subjects, all the casts were based 

by using stock rubber base. 

3.4.2 Measurements curve of spee:  

The curve of spee was measured 

using conventional method on each 

cast. The depth of curve of Spee was 

measured with a Vernier Caliper as 

the perpendicular distance between 

the deepest cusp tip and a flat plane 

that was laid on the top of the 

mandibular and maxillary dental cast, 

touching the incisal edges of the 

central incisors and the distal cusp 

tips of the most posterior teeth in the 

lower and upper arch (Figure 2). 

The measurement was made on the 

right and left side of the dental arch 

and the mean value of these two 

measurements were used as the 

maximum depth of curve of Spee for 

each subject. Measurements of the 

curve of Spee were taken on the left 

and right sides to within 0.05 mm 

(Figure 3). 

 

(Figure. 2) Stone model obtained for measurement 

 

(Figure. 3) method measurement depth curve of Spee 
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3.4.3 Data collection: 

Data are collected by: 

1. Data collection form. 

2. Diagnostic casts. 

3.5 Data analysis: 

Descriptive analysis was performed, 

statistical values (mean, standard 

deviation) for several readings and 

the frequency distribution by cross 

tabulation for each variable 

compared. T. test was used to assess 

the statistical significance at 0.05 (p-

value). Pearson's correlation 

coefficient was calculated between all 

variables for deepest point curve of 

Spee with gender. The data was 

analyzed using SPSS version 20.0. 

4. Results 

The sample was composed of 29 

males (48.3%) and 31 females 

(51.7%). The minimum age was 17 

years and maximum age was 25 years 

with mean age of 20.38 ± 2.05 years. 

The Spee curve was analyzed by the 

sum of the right and left 

measurements. In females, the mean 

deepness was 3.95 (±1.23mm), while 

in males the mean deepness was 4.27 

(±1.62) mm. 

Table (1) shows the age among 

studied subjects. We observed that 

the highest frequency at 20 years of 

age about 28.3 % (n=60) of the 

students appeared in the sample and 

the lowest frequency 3.3% (n=60) 

appeared at age of 17years. 

 

 

Table (1) Frequency distribution for the age among 

studied subjects. 

 

Age Frequency Valid Percent 

17 2 3.3 

18 13 21.7 

19 3 5 

20 17 28.3 

21 9 15 

22 8 13.3 

23 3 5 

24 1 1.7 

25 4 6.7 

Total 60 100 

 

The mean and standard deviations of 

depth of the curve of Spee in the 

maxillary arch and in the mandibular 

arch of the entire sample are shown 

in (Table 2). 

Table (2) Descriptive Statistics of the study sample by 

Gender 

 

Variable Gender Mean+S.D 

Maxillary arch  Male 1.25(0.64) 

 Female 1.20(0.99) 

Mandibular arch Male 2.18(0.96) 

 Female 1.73(0.76) 

Table (3) descriptive statistics (Mean 

values, standard deviation, minimum 

and maximum depth of the left and 

right sides of samples) shown 

deepest points curve of Spee on RT 

upper, RT lower and LF upper, LF 

lower.  
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Table (3) descriptive statistics of depth of curve of spee 

Variable N  Minimum Maximum Mean S.D 

URT 60 0.20 2.95 1.26 0.56 

LRT 60 0.50 4.90 1.93 0.80 

ULF 60 0.10 3.10 1.28 0.57 

LLF 60 0.50 4.80 1.97 0.91 

 

The results of T test analysis between 

both sexes for upper and lower arches 

showed in the maxillary arches, there 

was no statistically significant 

difference in the depths right (p= 0.53) 

and left (p=0.87) of curve of Spee 

between male and female, although the 

difference depths in the curve of spee 

right (p=0.03) and left (p= 0.05) in 

mandibular arch was statistically 

significant as shown in (Table 4). 

Table (4): Comparison between males and females for 

curve of Spee in RT, LF upper and lower arch. 

Variable Sex Mean SD T- test  P 

RT upper Male 

Female 

1.22 

1.31 

0.60 

0.53 

0.63 0.53 

NS 

RT lower Male 

Female 

2.16 

1.71 

0.85 

0.70 

2.27 0.03 

S 

LF upper Male 

Female 

1.27 

1.29 

0.67 

0.46 

0.17 0.87 

NS 

LF lower Male 

Female 

2.21 

1.75 

0.96 

0.83 

1.97 0.05 

S 

* Measurement in millimeters. S significant; NS= not 

significant. 

Pearson's correlation coefficient was 

calculated between all variables for 

deepest point curve of Spee with age as 

shown in Table (5) 

 

 

Table (5) Pearson correlation between upper, lower 

arches with age 

  RT 

upper 

LF lower RT 

lower 

LF upper 

Age Pearson 

correlation 

-o.o6 0.14 0.12 -0.02 

 Sig(2- tailed) 0.67 0.30 o.37 0.89 

 

A high correlation was observed 

between RT U and LF U, r = 0.39 as 

well as between LF Land RT L, r = 

0.67 (Table 6). 

Table (6) Correlations between curve of spee & dental 

arch variables 

Variable RT upper LF lower RT lower LF upper 

RT upper  1 0.14 0.11 0.39** 

LF lower 0.14 1  0.67** 0.05 

RT lower 0.11 0.67** 1 0.05 

LF upper 0.39** 0.05 0.05 1 

** Correlation is significant at the 0.01 level (2-tailed) 

The results showed that there were no 

significant differences between RT 

upper, LF lower in 0.01, no significant 

differences between RT upper, RT 

lower and between LF upper, RT lower 

in 0.01. 

5.  Discussion: 

Analysis of the curve of Spee in sagittal 

plane will guide the dentists in 

determining the development of the 

occlusion. The maxillary and 

mandibular curves of Spee could be 

used as a reference for prosthetic 

rehabilitation and orthodontic 

reconstruction [20]. It has been 

postulated for almost a century that the 
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occlusal plane is curved because of 

sagittal inclination of the teeth [21]. 

From the lateral view, this 

morphological arrangement, called the 

curve of Spee is convex for maxillary 

arch and concave for mandibular arch 

[22]. 

There are various factors that interplay 

to influence the human dentition and its 

occlusion at different stages. Despite 

the various attempts made at defining 

these factors, controversies still exist 

regarding is true nature. These 

controversies stem from the fact that it 

is difficult, if not impossible, to prove 

beyond fact that one concept is better 

than another. The present study 

evaluated the changes taking place in 

the curve of Spee in healthy human 

dentitions. The assessment of influence 

of age was beyond the scope of the 

present study however, studies have 

reported that there is a natural tendency 

for the depth of the curve of Spee to 

decrease with age [23]. It is necessary 

to give an appropriate occlusal 

curvature proportionate to the natural 

dentition under the conditions 

associated with posterior disocclusion, 

anterior guidance, condylar guidance, 

inclination of the plane of orientation, 

height of the cusp, and other occlusal 

elements [24]. In this study, there was 

statistically significant difference in the 

depth of the curve of Spee between 

genders on left or right sides except RT 

upper, LF lower. In females, the mean 

deepness was 3.95 (±1.23mm), while in 

males the mean deepness was 4.27 

(±1.62) mm. In both sexes in upper and 

lower arches, the maxillary arches, 

there was no statistically significant 

difference in the depths right and left of 

curve of Spee between male and 

female, although the difference depths 

in the curve of spee right and left in 

mandibular arch was statistically 

significant as shown in table (4). The 

depth of curve of Spee was larger in the 

mandibular arch than maxillary arch in 

both men and women. Although 

outcome of several studies indicate that 

the occlusal curvature of the 

mandibular arch is not significantly 

influenced by sex [25]. There was no 

statistically significant difference in the 

depth of the curve of Spee with age 

between left and right sides may be due 

to proximity of student age. The result 

of correlation also showed that there 

was a high correlation between upper 

RT, upper LF curve of Spee, r = 0.39 as 

well as between LLFand LRT, r = 0.67. 

The results showed that there were no 

significant differences between RT 

upper, LF lower, no significant 
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differences between RT upper, RT 

lower and between LF upper, RT 

lower. While results showed statistical 

significant between RT lower and LF 

lower, this strong relationship. In 

complete denture prosthodontics, 

stimulating the curve of Spee in 

harmony with condylar guidance, 

incisal guidance, plane of occlusion, 

and prosthetic tooth cusp height is 

essential for developing a bilaterally 

balanced occlusion, believed to 

maintain optimal denture stability [26]. 

In orthodontics, curve of Spee in one of 

the six important keys necessary for 

maintaining a harmonious Class I 

occlusal relationship, as dictated by 

Andrew [27]. 

. 

6. Conclusion: 

1. In females, the mean deepness was 

3.95 (±1.23mm), while in males the 

mean deepness was 4.27 (±1.62) mm. 

2. This study has revealed that the 

depth of curve of Spee was not 

influenced by gender. 

3. Mean and standard deviation depth 

curve of Spee was RT upper 1.26±0.56, 

RT lower 1.93± 0.80 and LF upper 

1.28±0.57, LF lower 1.97 ± 0.91. 

4. Determination of Curve of Spee 

assist dentists in developing occlusion 

in the sagittal plane as a reference 

whenever prosthodontic reconstructions 

are undertaken, it the important factors 

in rehabilitation procedure to achieve 

optimal results. 

7. Recommendations: 

1. Further studies in Curve of Spee in 

subjects having Healthy Human 

Permanent Dentitions are advised 

including comparison between the 

curves on both sides of mandibular and 

maxillary interarch with different age. 

2. As the size of the sample of this 

study was very small so 

recommendation is put forward for 

future researcher to do additional depth 

research consisting of large sample 

group for the greater acceptability of 

the study. 
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