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  ABSTRACT    

 

First Cervical Vertebra (Atlas) belongs to the Atlantoaxial joint which 
connects the base of the skull to the spine. It plays a highly significant role in the 

growth and function of the craniofacial complex. Atlas has function-anatomical 
interrelationship with the TMJ. That means the Axis is involved in the 
morphogenetic and function of the jaws.  

Aim To investigate the relationship of Atlas's dimensions with jaws rotation 
in adult orthodontically non-treated subjects using CBCT scan.  

Materials and methods: The study sample included 30 Caucasian patients 
(12 males, 18 females) from 19 to 25 years of age, (mean age of 21.1 years) with 
no history of prior orthodontics, and who had to have a CBCT scan for non-

neurological disorders purpose (but not especially for this study). Cephalometric 
jaws rotation study was performed according to Björk and Skieller on CBCT-

derived 2-dimensional lateral cephalograms. Pearson's Correlation Coefficient 
was calculated.  

Results: This study reveals variant correlations between CBCT 

measurements of Atlas's dimensions and jaws rotation according to the gender, 
although CBCT measurements of Atlas's dimensions showed no statistical 

significant differences between the two genders.  
Conclusion There is a relationship between the morphology of the Atlas 

and Jaws rotation in adult orthodontically non-treated subjects.  
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rotation. 
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 ملخّص  
 

ي ييييييي  قاعييييييييدى ال م مييييييية ميييييييي   تنتميييييييي الفقيييييييرى الرقبييييييييية الوليييييييل )الفهقيييييييية(  ليييييييل الو يييييييي  القحفيييييييي الرقبيييييييي اليييييييي ي
الفهقييييييية علاقيييييييية  العميييييييود الفقيييييييري. وي عيييييييي  دوراو بيييييييال  الحميييييييية تييييييييي نميييييييو وو يفييييييية المركيييييييي  القحفيييييييي اليييييييو هي  تمت يييييييي 

تشييييييييييريحية متبادليييييييييية ميييييييييي  المف يييييييييي  الفكييييييييييي ال ييييييييييد ي  ممييييييييييا يعنييييييييييي أن الفهقيييييييييية مرتبطيييييييييية ميييييييييي  الفكييييييييييين  –و يفيييييييييية 
 مورتولو ياو  وراثيا وو يفياو.

بعيييييياد الفهقييييييية مييييييي  دوران الفكييييييين ليييييييدا أتييييييراد بيييييييال ين  ييييييير معيييييييال ين تقويميييييييياو حييييييدث البحييييييي أ دراسيييييية علاقييييييية أ
 باستخدام الت وير الطبقي المخروطي 

 21أنثييييل( بعمييييير مييييا بيييييين  21 كييييور  21بيييييال  ميييين العيييير  قوقيييييا ي ) 03 أتييييراد العينيييية مووووواد وطووووور  البحوووووث 
نوا سيييي فاو )وليييييي  ل ييييي  حييييي   ممييييين ليييييم يخجيييييعوا لمعال يييية تقويميييييية سيييييابقة وكييييياسيييينة(  12.2)متوسيييييط العمييييير  12 لييييل 

الدراسيييييييية( ب ييييييييدد   ييييييييراي ت ييييييييوير طبقييييييييي محييييييييوري مخروطييييييييي لسييييييييبا    تتع يييييييي  بمشيييييييياك  تقويمييييييييية أو بييييييييي مرا  
و لييييي  ع ييييل ال ييييور الثنا يييييية  Skiellerو   Björkسيييييفالومترياو وتييييي دوران الفكييييين تمييييت دراسييييية . ال هييييا  الع ييييبي

لمخروطييييييييي  ح ييييييا ياو تيييييييم   ييييييراي تح يييييييي  معامييييييي  البعييييييد التيييييييي تييييييم الح يييييييو  ع يهييييييا مييييييين  ييييييور الطبقيييييييي المحييييييوري ا
 .(Pearson's Correlation Coefficientارتباط  بيرسون )

بينيييييييت حيييييييي   الدراسييييييية ارتباطييييييياو متنوعييييييياو مييييييييا بيييييييين قياسيييييييات الفهقييييييية الم ييييييييراى ع يييييييل  يييييييور الطبقييييييييي النتوووووووا    
د لييييييييية  المحيييييييييوري المخروطيييييييييي وبيييييييييين دوران الفكيييييييييين وتييييييييي  ال ييييييييين   ع يييييييييل الييييييييير م مييييييييين عيييييييييدم و يييييييييود تروقيييييييييات  ات

  ح ا ية تي قياسات الفهقة الم راى ع ل  ور الطبقي المحوري المخروطي بين ال نسين.
حنيييييييا  علاقييييييية ميييييييا بييييييين أبعييييييياد الفهقييييييية وبيييييييين دوران الفكيييييييين لييييييدا أتيييييييراد بيييييييال ين  يييييييير معيييييييال ين  الخلاصوووووووة 

 .تقويمياو 
 
 .دوران الفكينت الفهقة    قياسال فقرى الرقبية الوللت وير طبقي محوري المخروطي أ مفتاحيةالكلمات ال

                                                                 
 سورية.  -اللاذقية -جامعة تشرين –كلية طب الأسنان –قسم تقويم الأسنان والفكين  -مدرس  *
 سورية.  -اللاذقية -جامعة تشرين –كلية طب الأسنان –قسم تقويم الأسنان والفكين -أستاذ مساعد  **
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Introduction: 
Atlas or what can be anatomically called also: Atlas (CI), C1 Vertebra, First Cervical 

Vertebra, Cervical Vertebra 1, the atlas is different from all other cervical vertebrae in its 

lack of a body, It's a bone, which has a shape of ring with prominent lateral masses, these 
lateral masses are the thickest part of the bone. The major features of the lateral masses are 
the superior and inferior articular facets. Projecting laterally from each lateral mass is the 

transverse process. Perforating this projection of bone is the transverse foramen, a small 
hole that passes through the process. The two lateral masses are connected anteriorly and 

posteriorly by slender arches of bone, the anterior arch being shorter and thinner than the 
thicker, longer posterior arch. 

Axis (Cervical vertebra 2): This vertebra differs from other cervical vertebrae in its 

possession of a dens or odontoid process. This tooth-like process projects superiorly from 
the vertebral body forming a pivot around which the ring-like atlas rotates. It is the bulkiest 

of the cervical vertebrae. Unlike other cervical vertebrae, its superior and inferior articular 
facets do not sit in line with one another, the superior facet sitting anterior to the inferior 
facet 

Atlas along with the Axis – forms the joint connecting the skull and spine: 
Atlantoaxial joint (fig1).Atlantoaxial joint its self is the articulation between the first two 

cervical vertebrae, (Atlas & Axis), and their associated serial homologue, the occipital 
bone at the base of the skull, form the most mobile of the vertebral joints. These 
specialized vertebral elements allow for the wide range of motion of the cranium. In 

conjunction with their specializations and range of motion, a varied array of important 
ligaments support these boney elements [.خطأ! لم يتم العثور على مصدر المرجع]. 

 
Figure 1: an anatomical dorsal overview of the Atlantoaxial joint [.خطأ! لم يتم العثور على مصدر المرجع]. 

 
The cervical spine is surrounded by strong ligaments that hold the individual spinal 

segments together and is surrounded by a muscular apparatus that supports and moves in 
coordination and harmony between the column and the head through atlanto occipital joint 

which allows moderate lateral flexion movements, 10 degrees of flexion and extension 25; 
a few degrees in the same direction are also allowed by the joint reports between C1 and 
C2.[2]. Among the basal structures of the neurocranium, the occipital bone around the 

foramen magnum is the first to ossify (between the third and fourth year of life). This 
appears to be indispensably necessary, as the head is supported by the trunk precisely in 

this area [3]. When the child learns to walk in an upright position, the structures around the 
foramen magnum must be solid enough to resist the force of gravity, otherwise the trunk 
would intrude into the brain [4]. The shape of the cranial base may be considered on an 

average, to remain stable with age [5], and well function as a logical consequence, the 
craniofacial structures at the junction between the skull and the trunk essentially deserve to 
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be considered as the center from which the radiating development of the craniofacial 

skeleton takes place [3].  
The Atlas, which holds the weight of the head (about 10-15 lb), is the junction 

element between cranial base and vertebral column. The dens of the ring that rotates atlas ( 
atlas sub-area ) is the point of origin of muscle function that determines the physiological 
occlusion while the Atlantoaxial joint act as connectors suspended the jaw to the skull and 

act as secondary areas of balance during mastication [6]. 
One might think that when the mandible opens and closes, its movement is centered 

around the condyle in the TMJ itself. However, this is not the case. According to the 
Quadrant Theorem of Guzay [7, 8, 9, 6] the axis of rotation of the mandible lies exactly at 
the odontoid of C2. (The odontoid is the upward, toothlike protuberance from the second 

vertebra, around which the first vertebra rotates.) When the mandible moves downwards, 
this generates a pulling force, loosening the muscles around C2. Likewise, when moving 

up (i.e., when closing the mouth), it generates a pressure, which tightens the muscles 
around C2. This means that in an occlusion with decreased vertical dimension will 
aggravate muscle tension around C2 when the mouth is closed. Therefore, it is clear that 

distortion in TMJ will affect the position of the Axis too, so Axis acts as the pivot on 
mandibular movement (fig2) [6]. 

 
Figure 2 how Axis acts as a pivot on mandibular movement [6]. 

 
Müller [10, 11] claimed this should be considered in studying facial growth, because 

the spatial development of a treetop should not be assessed from a twig in the periphery 
but, rather, from the junction between trunk and top. Accordingly, craniofacial growth is 

evaluated more objectively from the occipital structures at the junction between skull and 
trunk. The mandible exists in the center of a chain of muscles that act in close harmony to 
control the position of the head in space [12]. Huggare (in a cephalometric study) regarded 

the first cervical vertebra as a predictor for mandibular growth; he found that among non-
treated cases there was a significant correlation between horizontal growth of the mandible 

and the initial height of the atlas dorsal arch [13]. He also found (in a cephalometric study) 
an association between morphology of the first cervical vertebra, and head craniofacial 
structures [14]. Liu concluded (in a cephalometric study) that when the atlas size ratio 

increased, a reduction of the amount of mandibular horizontal growth was showed, and the 
mandibular rotated backward; on the contrary, when the atlas size ratio decreased, the 

amount of mandibular horizontal growth increased and the mandibular rotated forward 
[15]. Nisayif, studying the relationship between the morphology of Atlas and the direction 
of mandibular rotation in Iraqi adults, concluded that the morphology of atlas could be 

regarded as a predictor for mandibular rotation [16]. Björk and Skieller were first who 
describe upper and lower jaws rotations during human growth and development. They 

described the rotation in terms of either a forward or a backward direction. Forward 
rotation occurs when there is more vertical facial growth posteriorly than anteriorly. For 
backward rotation this pattern is reversed, relatively greater vertical growth occurring 

anteriorly compared to posteriorly. This vertical rotation of the maxillary complex is 
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generally less than that seen in the mandible due to the contribution of middle cranial fossa 

growth [17-22]. 
Study Objectives 

The aim of this study is to investigate the relationship of Atlas's dimensions 
with jaws rotation in adult orthodontically non-treated subjects using CBCT scan. 

 

MATERIALS AND METHODS  

-Subjects. 

Sample's subjects were selected from patients who, any way, had to have a 
CBCT scan for non-neurological disorders purpose, but not especially for this 
study. 

Criteria for selecting the subjects:  
1)No history of neurological disorders and/or neurological traumas. 

2)No clinical or CBCT symptoms of neurological disorders and/or neurological traumas 
2) No history of trauma to the dento-facial structures. 
3) No history of abnormal habits, with patients showed normal nasal breathing 

4)Subjects must have fully erupted permanent dentition up to second molar teeth. 
5)No supernumerary teeth / missing teeth / impacted teeth. 

6)Exclusion criteria also were subjects with congenital anomalies/ evident signs of 
neurological impairment and/or syndromes and/or dentoskeletal asymmetries and/or 
craniofacial malformation. 

Sample estimation 
To determine the minimum sample size to be statistically significant, a pilot 

study was applied on 52 subject (who were selected according to the criteria of 
selecting this study`s sample). It has been found that descriptive statistics results 
follow the normal distribution; therefore, determining the minimum sample size 

to be statistically significant was according to the following formula: 

2

22

)(

.

e

Z
n




 

(N): is the sample size ;.(z): is the value corresponding to a confidence 

level, estimated at 99% (Z = 2.58) (i.e. significance level is 0.019), (σ): highest 
Standard Deviation value within all the variables (σ = 10.6)  

(e): Margin of error (maximum acceptable error in mean estimate) (e=5) 

Thus:  

91.29
)(

25

22
)60.10(58.2
n  

According to this pilot study, we determined that to get an exact estimate 

about the mean of patients' results, and the error in his estimate does not exceed 5 
of the mean, with a significance level of 99% requires a sample size (n) of 29.91 
patients as minimum. 

The size of this study's sample was 30 Caucasian patients (12 males, 18 
females) from 19 to 25 years of age, (mean age of 21.1 years: Males average age 
was 23.1; Females average age was 20.2) with no history of prior orthodontics 

treatment 
- CBCT study: 
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CBCT scans were obtained in centric occlusion (maximum dental 

intercuspation); data were obtained using a 3D cone-beam volume scanner 
(SCANORA® 3D FOVs.). Used settings were as following: Standard scan mode 

with an imaging volume of 40 cmx13 cm, Scan speed of 9 s, Slice thickness 0.3 
mm, 120 kV, 47mA. Orientation was established as was recommended by 
Baratieri [23] and Alves [24] by three reference planes: 1- the axial plane, passing 

through the right and left Orbitale points as well as the right and left Porion 
accordingly; 2- the coronal plane, passing through the left and right Porion 

perpendicular to the chosen axial plane; 3- the sagittal plane, passing through the 
Nasion point, perpendicular to the chosen axial and coronal planes. 

CBCT Atlas measurements: 

On the 3D CBCT grams, an anterior-posterior and transversal CBCT Atlas 
measurements were taken from the superior aspect on the axial plane. Tow CBCT 

Atlas measurements were taken on the sagital plane. All the CBCT Atlas 
measurements are liner and they were performed by one and the same author (in 
mm) digitally using the CBCT software, CBCT digital measurements accurate to 

the nearest 0.01 mm.  
We did not use borders of Atlas's foramens for the reason that Awadalla 

(2009) found in his study (on vertebral artery groove of the Atlas on 76 dry 
specimens) that 57.96% of the examined specimens presented with a bridge 
(partial and complete) formation which projects over the vertebral artery groove 

and could lead to its anatomical destandardization [25].  

- CBCT Atlas measurements taken from the superior aspect on the axial 

plane: 
1-(HIAPC1): Horizontal inner anteroposterior diameter of C1 [26]. 
2-(Superior surface) anteroposterior diameter of superior surface of the 

Atlas's anterior arch [26]. 
3-(HOTDC1): Horizontal outer transverse diameter of C1 [26]. 
4-(Inner margin): We defined it as the minimum transverse diameter of the 

vertebral canal was measured perpendicularly to the midsagittal plane passing 
through the canal's nearest points. 

5-(Outer margin) We defined it as the maximum transverse diameter of the 
anterior part of the Atlas was measured perpendicularly to the midsagittal plane 
passing through uttermost lateral points of the posterior edges of the Atlas. 

Atlas measurements taken from the superior aspect on the axial plane are 
shown in fig 3. 

 
Figure 3: CBCT Atlas measurements taken from the superior aspect on the axial plane. 
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- CBCT Atlas measurements taken on the sagital plane: 

1-(LOAPC1) The maximum Lateral outer anteroposterior diameter of C1 
[27, 28]. 

2-Height of the atlas dorsal arch (dorsal arch): we defined it as the 
maximum distance between the upper and lower border of the dorsal arch in the 
sagital plane. We did not follow Huggare [13, 14], and Nisayif [16] 

recommendation in measuring the Height of the atlas dorsal arch as the maximum 
vertical extent of the atlas dorsal arch perpendicular to the anteroposterior length 

of the atlas, because the shaft of the Height of the atlas dorsal arch anatomically 
not always perpendicular to the anteroposterior length of the atlas. 

CBCT Atlas measurements taken on the sagital plane are shown in fig 4. 

 

 
Figure 4: CBCT Atlas measurements taken on the sagital plane. 

 

-lateral cephalometric analysis (fig5): 
Moshiri [29] found that CBCT-derived 2-dimensional lateral cephalograms 

proved to be more accurate than lateral cephalograms for most linear 
measurements calculated in the sagittal plane. Kumar [30] concluded that 
measurements from in vivo CBCT synthesized cephalograms are similar to those 

based on conventional radiographic images. Ludlow [31] found also that CBCT 
volume images provide generally more precise identification of traditional 

cephalometric landmarks. In this study, lateral cephalometric analysis was 
performed by Kumar [30] method using the CBCT scans, which were obtained in 
centric occlusion. 

All digital cephalometric measurements were performed by one and the 
same author (angles measurements in degrees) digitally using the CBCT software. 

Liner CBCT digital measurements accurate to the nearest 0.01 mm. whereas 
angular measurements were accurate to the nearest 0.01 degrees. 

Cephalometric evaluating Jaws Rotation was performed according to Björk 

and Skieller [18, 19, 21, 22, 32, 33]. 
Planes and lines that have been used in this investigation according to Björk 

and Skieller [18, 19, 21, 22, 32, 33], were formed by the following facial 
components: 

-Nasion-Sella line (NSL): the plane of the anterior cranial base, it is a line 

drawn from nasion (N) to Sella (S).which it is the center of sella turcica  
-Nasal Line (NL): it is the Palatal plane, a line drawn from the apex of the 

anterior nasal spine (ANS) to the apex of the posterior nasal spine (PNS). 
-S-Ar: A line drawn from the center of sella turcica (S) to articular (Ar) (Ar 

is the point. of intersection of the dorsal contour of the articular processes of the 

mandibular condyle and the temporal bone). 
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-Ar-Go: A line drawn from articular (Ar) to Gonion (Go) (Go is the point of 

intersection between lines tangent, to the base and ramus of the mandible. 
-ML1: It is the Mandibular plane 1, the tangent, to the base of the mandible. 

-ML2: It is the Mandibular plane 2, formed by a line joining Gonion (Go) 
and Menton (Me) (Me is the lowest point of the outer border of the Mandibular 
symphysis). 

Cephalometrics liner measurements that have been used in this investigation 
according to Björk and Skieller [18, 19, 21, 22, 32, 33]: 

N-Me: Anterior facial height: A linear distance from Nasion to Menton. 
S–Go: Posterior facial height: A linear distance from Sella to Gonion 

constructed. 

Index I: This index is an expression of the proportion between the posterior 
and the anterior facial height. It represented Mandibular inclination [33]. Index I 

calculated as following : 

4.66.63. 




MeN

GoS
IIndex  

 
Cephalometrics angular measurements that have been used in this 

investigation according to Björk and Skieller [18, 19, 21, 22, 32, 33]:  
 

Saddle angle (S): an angle between anterior and posterior cranial base 
Articular angle (Ar): an angle between posterior cranial base and ramus 

height. Björk called (Articular angle): the angle at the temporomandibular joint 

[32]. 
Gonial angle (Go): an angle between lines tangent, to the base and ramus of 

the mandible. 

Sum angles according to Björk ( ): sum of angles Saddle angle (S), 

Articular angle (Ar), and Gonial angle (Go). 

Upper Gonial angle (Go1): an angle between ramus height and Gonion 
constructed- Nasion line (AR-GO-ME) 

Lower Gonial angle (Go2): an angle between Gonion constructed-Nasion line and is 

the Mandibular plane 2 (ML2). 
NL-NSL: an angle between the anterior cranial base and Nasal Line (in 

some literatures Nasal Line it is Palatal plane). 
ML-NSL: an angle between the anterior cranial base and ML1. 
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Figure 5: Cephalometrics points and measurements that have 

 been used in this investigation according to Björk and Skieller [18, 19, 21, 22, 32, 33]. 

 

- Error of method: 
The same examiner repeated all CBCT measurements twice with two 

months interval. Initial and repeated measurements were compared by using a 

paired t-test at α= 0.05 to check any systematic error. The t-test did not show any 
statistical significance of the differences. 

- Statistical method: 
Using Microsoft Excel of Microsoft office 2013, Pearson's Correlation 

Coefficient was calculated to investigate the strength of the linear association of 

all of the CBCT measurements of Atlas's dimensions with all cephalometrics 

measurements that have been used in this investigation with purpose of 
determining jaws rotation (according to Björk and Skieller)  

 
RESULTS 

Descriptive statistics for cephalometric measurements estimated of Jaws 
Rotation according to Björk (regardless of gender, male, female) are shown in 
Table 1.and Table 2. 

 
Table 1: Descriptive statistics for cephalometric measurements estimated Jaws  

Rotation according to Björk (regardless of gender, male, female) part 1. 

Gender 
Descriptive 

statistics 
S Ar Go  Go1 Go2 

♂&♀ 

Mean 125.78 144.82 122.68 393.28 49.75 72.94 

Standard Error 1.08 2.10 1.92 1.88 1.28 1.50 

Standard Deviation 4.20 8.15 7.45 7.29 4.94 5.81 

Sample Variance 17.64 66.43 55.51 53.15 24.42 33.71 

Range 18.22 30.70 28.78 27.07 15.48 20.03 
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Minimum 112.72 132.80 109.29 382.45 43.12 63.78 

Maximum 130.95 163.50 138.07 409.52 58.60 83.82 

Count 30 30 30 30 30 30 

♂ 

Mean 126.21 141.67 121.31 389.18 50.80 70.51 

Standard Error 0.83 2.31 1.73 1.67 1.77 0.91 

Standard Deviation 2.05 5.66 4.24 4.09 4.35 2.23 

Sample Variance 4.18 32.04 17.95 16.72 18.90 4.97 

Range 5.63 15.59 10.95 12.31 12.54 6.62 

Minimum 124.57 132.80 116.86 382.45 46.06 67.93 

Maximum 130.20 148.39 127.80 394.76 58.60 74.55 

Count 12 12 12 12 12 12 

♀ 

Mean 125.49 146.92 123.60 396.01 49.04 74.55 

Standard Error 1.76 3.05 3.05 2.61 1.81 2.32 

Standard Deviation 5.29 9.16 9.14 7.84 5.43 6.97 

Sample Variance 28.01 83.82 83.57 61.54 29.53 48.53 

Range 18.22 27.23 28.78 25.40 14.30 20.03 

Minimum 112.72 136.27 109.29 384.12 43.12 63.78 

Maximum 130.95 163.50 138.07 409.52 57.42 83.82 

Count 18 18 18 18 18 18 

 
Table 2: Descriptive statistics for cephalometric measurements estimated Jaws  

 Rotation according to Björk (regardless of gender, male, female) part 2. 

Gender 
Descriptive 

statistics 
S-Go N-Me Index I NL-NSL ML-NSL 

♂&♀ 

Mean 71.84 111.39 66.50 7.69 33.28 

Standard Error 1.94 1.64 1.50 0.83 1.88 

Standard Deviation 7.51 6.33 5.82 3.21 7.29 

Sample Variance 56.36 40.10 33.92 10.32 53.15 

Range 23.50 21.84 22.06 10.92 27.07 

Minimum 61.40 102.06 55.39 1.70 22.45 

Maximum 84.90 123.90 77.45 12.62 49.52 

Count 30 30 30 30 30 

♂ 

Mean 77.16 114.90 69.92 6.12 29.18 

Standard Error 3.24 3.08 1.74 1.74 1.67 

Standard Deviation 7.93 7.55 4.27 4.27 4.09 

Sample Variance 62.83 56.94 18.21 18.21 16.72 

Range 15.20 21.84 11.34 10.92 12.31 

Minimum 69.70 102.06 66.11 1.70 22.45 

Maximum 84.90 123.90 77.45 12.62 34.76 

Count 12 12 12 12 12 

♀ 

Mean 68.30 109.06 64.21 8.74 36.01 

Standard Error 1.63 1.46 1.92 0.63 2.61 

Standard Deviation 4.90 4.39 5.77 1.89 7.84 

Sample Variance 24.03 19.23 33.32 3.59 61.54 

Range 13.40 13.50 18.91 5.25 25.40 
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Minimum 61.40 102.70 55.39 6.15 24.12 

Maximum 74.80 116.20 74.30 11.40 49.52 

Count 18 18 18 18 18 

 

Descriptive statistics for CBCT of Atlas's dimensions (regardless of gender, male, 

female) are shown in Table 3 . 
 

Table 3: Descriptive statistics for CBCT of Atlas's dimensions (regardless of gender, male, female). 

Gende

r 

Descriptive 

statistics 

HIAP

C1 

superior 

surface 

HOTD

C1 

inner 

margin 

outer 

margin 

LOAP

C1 

Height of the 

atlas dorsal arch 

♂&♀ 

Standard 
Error 

0.93 0.32 2.74 1.34 1.85 0.77 0.66 

Standard 

Deviation 
3.60 1.24 10.60 5.18 7.17 2.98 2.57 

Sample 
Variance 

12.93 1.54 112.26 26.83 51.36 8.91 6.59 

Range 13.30 4.60 42.50 18.40 23.39 9.80 8.46 

Minimum 25.20 2.30 50.00 13.40 17.00 34.80 5.50 

Maximum 38.50 6.90 92.50 31.80 40.39 44.60 13.96 

Count 30 30 30 30 30 30 30 

♂ 

Standard 

Error 
1.10 0.36 3.48 0.65 4.15 1.28 1.47 

Standard 
Deviation 

2.70 0.87 8.52 1.59 10.16 3.14 3.59 

Sample 
Variance 

7.31 0.76 72.61 2.51 103.30 9.84 12.91 

Range 7.05 2.49 23.17 4.00 23.39 8.12 8.46 

Minimum 26.10 3.40 50.00 15.50 17.00 34.80 5.50 

Maximum 33.15 5.89 73.17 19.50 40.39 42.92 13.96 

Count 12 12 12 12 12 12 12 

♀ 

Standard 
Error 

1.30 0.50 3.52 2.14 1.66 0.98 0.60 

Standard 

Deviation 
3.90 1.49 10.56 6.41 4.98 2.95 1.80 

Sample 

Variance 
15.23 2.22 111.54 41.07 24.85 8.71 3.25 

Range 13.30 4.60 40.50 18.40 16.00 9.40 5.90 

Minimum 25.20 2.30 52.00 13.40 20.10 35.20 5.60 

Maximum 38.50 6.90 92.50 31.80 36.10 44.60 11.50 

Count 18 18 18 18 18 18 18 

 
t-Test analysis of CBCT measurements of Atlas's dimensions (shown in 

Table 4) reveal no statistical significant differences between the two genders (α= 
0.05). 
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Table 4 : t-Test analysis of CBCT measurements of Atlas's dimensions  

between the two genders (α= 0.05). 

  P 

HIAPC1 0.20 

superior surface 0.90 

HOTDC1 0.09 

inner margin 0.27 

outer margin 0.83 

LOAPC1 0.45 

Height of the atlas dorsal 

arch 
0.68 

 
Pearson's Correlation test was performed to determine the relationship between the 

CBCT measurements of Atlas's dimensions with all cephalometrics measurements that 
have been used in this investigation with purpose of determining jaws rotation according to 
Björk and Skieller (regardless of gender). Results of this test are presented in Table 5. 

 
Table 5: Pearson's Correlation test between CBCT measurements of Atlas's dimensions and the 

cephalometric measurements determining jaws rotation (according to Björk and Skieller) within all 

subjects of the sample (regardless of gender). 

 
HIAPC1. 

superior 
surface 

HOTDC1 
inner 

margin 
outer 

margin 
LOAPC1 

Height of 

the atlas 
dorsal 
arch 

S -0.13▼ 0.58▲▲ -0.21▼ -0.71▼▼ -0.42▼ -0.10▼ -0.15▼ 

Ar -0.07▼ -0.74▼▼ 0.14▲ 0.67▲▲ 0.13▲ 0.04▲ -0.11▼ 

Go 0.63▲▲ 0.38▲ 0.05▲ -0.06▼ -0.26▼ 0.12▲ -0.10▼ 

 0.49▲ -0.11▼ 0.08▲ 0.27▲ -0.37▼ 0.11▲ -0.31▼ 

Go1 0.30▲ 0.71▲▲ -0.04▼ -0.51▼▼ -0.27▼ 0.04▲ 0.13▲ 

Go2 0.56▲▲ -0.12▼ 0.10▲ 0.35▲ -0.11▼ 0.12▲ -0.24▼ 

S-Go -0.18▼ -0.14▼ -0.10▼ 0.06▲ 0.53▲▲ 0.09▲ 0.09▲ 

N-Me 0.00 -0.21▼ -0.18▼ 0.14▲ 0.51▲▲ 0.07▲ 0.00 

Index I -0.48▼ -0.07▼ -0.03▼ -0.15▼ 0.49▲ -0.06▼ 0.40▲ 

NL-NSL 0.13▲ -0.18▼ -0.21▼ -0.01▼ -0.65▼▼ -0.05▼ -0.19▼ 

ML-NSL 0.49▲ -0.11▼ 0.08▲ 0.27▲ -0.37▼ 0.11▲ -0.31▼ 

Where: 
▲: Positive weak strength of correlation, ▲▲: Positive Moderate strength 

of correlation. ▲▲▲: Positive Strong strength of correlation  
▼: Negative weak strength of correlation, ▼▼: Negative Moderate 

strength of correlation, ▼▼▼: Negative Strong strength of correlation. 

Within all sample's subjects, Pearson's Correlation test showed weak 
strength (with different direction) of correlation between CBCT measurements of 

Atlas's dimensions and the cephalometric measurements determining jaws 
rotation (according to Björk and Skieller). Exclusion was a moderate, positive 
correlation showed by all of: HIAPC1 (with Go, and Go2), Superior Surface (with 

S), Inner Margin (with Ar) Outer Margin (with S-Go, and N-Ml). While a 
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moderate, negative correlation showed all of Superior Surface (with Ar), Inner 

Margin (with S and Go1), and Outer Margin (with NL-NSL). 
The results of Pearson's Correlation between CBCT measurements of Atlas's 

dimensions and the cephalometric measurements determining jaws rotation (according to 
Björk and Skieller) within all subjects of the sample (both genders) visually shown in 
Chart 1 

 
Chart 1: Results of Pearson's Correlation between CBCT measurements of Atlas's dimensions and the 

cephalometric measurements determining jaws rotation (according to Björk and Skieller) within 

subjects of the sample (both genders). 

 
Subjects of the sample (both genders) showed that (S) attending to have more 

negative direction and vary strength of correlation with CBCT measurements, other 
cephalometric parameters have vary correlation (in strength and direction) with Atlas's 
CBCT measurements. 

Results of Pearson's Correlation test of the relationship between the CBCT 

measurements of Atlas's dimensions with all cephalometrics measurements that have 

been used in this investigation with purpose of determining jaws rotation according to 
Björk and Skieller within male subjects of the sample are presented in Table 6. 

 
Table 6 : Pearson's Correlation test between CBCT measurements of Atlas's  

dimensions and the cephalometric measurements determining jaws rotation  

(according to Björk and Skieller) within male subjects of the sample. 

 
HIAPC1. superior surface HOTDC1 inner margin outer margin LOAPC1 

Height of the 
atlas dorsal arch 

S 
0.70 
▲▲ 

0.90 
▲▲▲ 

0.49 
▲ 

0.18 
▲ 

-0.29 
▼ 

0.35 
▲ 

-0.10 
▼ 

Ar 
-0.83 

▼▼▼ 
-0.63 
▼▼ 

-0.94 
▼▼▼ 

-0.45 
▼ 

-0.04 
▼ 

-0.70 
▼▼ 

-0.50 
▼▼ 

Go 
0.65 
▲▲ 

0.30 
▲ 

0.67 
▲▲ 

-0.27 
▼ 

-0.66 
▼▼ 

0.20 
▲ 

0.50 
▲▲ 

 
-0.13 
▼ 

-0.11 
▼ 

-0.36 
▼ 

-0.82 
▼▼▼ 

-0.87 
▼▼▼ 

-0.59 
▼▼ 

-0.22 
▼ 

Go1 
0.86 

▲▲▲ 
0.57 
▲▲ 

0.88 
▲▲▲ 

0.14 
▲ 

-0.32 
▼ 

0.56 
▲▲ 

0.51 
▲▲ 
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Go2 
-0.45 
▼ 

-0.54 
▼▼ 

-0.44 
▼ 

-0.78 
▼▼ 

-0.63 
▼▼ 

-0.71 
▼▼ 

-0.04 
▼ 

S-
Go 

-0.16 
▼ 

-0.24 
▼ 

-0.27 
▼ 

0.32 
▲ 

0.53 
▲▲ 

0.38 
▲ 

-0.12 
▼ 

N-
Me 

-0.63 
▼▼ 

-0.57 
▼▼ 

-0.45 
▼ 

0.20 
▲ 

0.57 
▲▲ 

-0.11 
▼ 

-0.14 
▼ 

Inde
x I 

0.00 
▼ 

-0.15 
▼ 

0.33 
▲ 

0.72 
▲▲ 

0.86 
▲▲▲ 

0.50 
▲▲ 

0.35 
▲ 

NL-
NS
L 

-0.05 
▼ 

-0.45 
▼ 

-0.60 
▼▼ 

-0.93 
▼▼▼ 

-0.73 
▼▼ 

-0.29 
▼ 

-0.10 
▼ 

ML
-

NS
L 

-0.13 
▼ 

-0.11 
▼ 

-0.36 
▼ 

-0.82 
▼▼▼ 

-0.87 
▼▼▼ 

-0.59 
▼▼ 

-0.22 
▼ 

Where: 
▲: Positive weak strength of correlation, ▲▲: Positive Moderate strength 

of correlation. ▲▲▲: Positive Strong strength of correlation  
▼: Negative weak strength of correlation, ▼▼: Negative Moderate 

strength of correlation, ▼▼▼: Negative Strong strength of correlation. 
Cephalometric measurements determining jaws rotation in male subjects 

showed more strong correlation (but vary in direction) with CBCT measurements 

of Atlas's dimensions.  
(S) have positive correlation with all of CBCT measurements of Atlas's 

dimensions (strong only with superior surface, and moderate only with HIAPC1, 
other positive correlation were weak) excluding Outer Margin and Height of the 
atlas dorsal arch (were weak negative correlation). 

(Go1) also have positive correlation with all of CBCT measurements of 
Atlas's dimensions (strong with HIAPC1, and HOTDC1, moderate correlation 

with LOAPC1 and Height of the atlas dorsal arch,) excluding Outer Margin 
which had weak negative correlation with (Go1).  

(Index I) (Ar),  (Go2), NL-NSL and ML-NSL have negative 

correlation (but vary in strength) with all of CBCT measurements of Atlas's 
dimensions 

Both (S-Go) and (N-Me) had negative correlation with HIAPC1, superior 

surface, and HOTDC1 (but vary in strength) and weak negative correlation with 
Height of the atlas dorsal arch, (N-Me) had also negative correlation (but weak) 

with LOAPC1 and Height of the atlas dorsal arch. 
(Go) have positive correlation with all of CBCT measurements of Atlas's 

dimensions (but vary in strength) excluding inner margin (weak negative 

correlation) and Outer Margin (moderate negative correlation). 
The results of Pearson's Correlation between CBCT measurements of Atlas's 

dimensions and the cephalometric measurements determining jaws rotation (according to 
Björk and Skieller) within male subjects of the sample visually shown in Chart 2 
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Chart 2: Results of Pearson's Correlation between CBCT measurements  

of Atlas's dimensions and the cephalometric measurements determining jaws rotation  

(according to Björk and Skieller) within male subjects of the sample. 

 

Male subjects of the sample showed that (NL-NSL), (ML-NSL), (Go2), and (Ar) 
have negative direction with vary strength of correlation with all of CBCT measurements 
of Atlas's dimensions, while (Index I), (N-Me), (S-Go), (Go1) and (Go) have vary 

correlation (in strength and direction) with Atlas's CBCT measurements. It is also clear that 
(Index I), (Go1), (Go) and (S) attending to have more positive direction and vary strength 

of correlation with CBCT measurements. 
Results of Pearson's Correlation test of the relationship between the CBCT 

measurements of Atlas's dimensions with all cephalometrics measurements that have 

been used in this investigation with purpose of determining jaws rotation according to 
Björk and Skieller within female subjects of the sample are presented in Table 7. 

 
Table 7 : Pearson's Correlation test between CBCT measurements of Atlas's dimensions and the 

cephalometric measurements determining jaws rotation (according to Björk and Skieller) within 

female subjects of the sample. 

 
HIAPC1 superior surface HOTDC1 inner margin outer margin LOAPC1 

Height of the 
atlas dorsal arch 

S -0.25▼ 0.55▲▲ -0.33▼ -0.77▼▼ -0.70▼▼ -0.20▼ -0.27▼ 

Ar -0.05▼ -0.83▼▼▼ 0.28▲ 0.76▲▲ 0.36▲ 0.24▲ 0.23▲ 

Go 0.63▲▲ 0.39▲ -0.18▼ -0.11▼ -0.13▼ 0.06▲ -0.44▼ 

 0.51▲▲ -0.15▼ -0.12▼ 0.24▲ -0.20▼ 0.21 ▲ -0.43▼ 

Go1 0.23▲ 0.78▲▲ -0.29▼ -0.60▼▼ -0.31▼ -0.17▼ -0.26▼ 

Go2 0.65▲▲ -0.10▼ -0.01▼ 0.33▲ 0.07▲ 0.21▲ -0.38▼ 

S-Go 0.18▲ -0.13▼ 0.67▲▲ 0.44▲ 0.79▲▲ 0.20▲ 0.27▲ 

N-Me 0.86▲▲▲ -0.04▼ 0.47▲ 0.53▲▲ 0.50▲▲ 0.56▲▲ 0.07▲ 

Index I -0.50▼▼ -0.04▼ 0.22▲ -0.08▼ 0.35▲ -0.15▼ 0.51▲▲ 

NL-
NSL 

0.01▲ -0.10▼ -0.49▼ -0.01▼ -0.54▼▼ 0.01▲ -0.31▼ 

ML-
NSL 

0.51▲▲ -0.15▼ -0.12▼ 0.24▲ -0.20▼ 0.21▲ -0.43▼ 
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Where: 

▲: Positive weak strength of correlation, ▲▲: Positive Moderate strength 
of correlation. ▲▲▲: Positive Strong strength of correlation  

▼: Negative weak strength of correlation, ▼▼: Negative Moderate 

strength of correlation, ▼▼▼: Negative Strong strength of correlation. 
Cephalometric measurements determining jaws rotation in female subjects 

showed vary correlation in strength and direction with CBCT measurements of 
Atlas's dimensions, HIAPC1 have positive correlation with all of CBCT 

measurements (but vary in strength) excluding the negative correlation  with 
(S),(Ar), and (Index I). 

Superior surface have more negative correlation (all its negative 

correlations were weak excluding correlation with Ar which was negative and 
strong) except of (S), (Go) and (Go1) which had positive but vary correlation in 

strength. HOTDC1 also showed more negative correlation (all its negative 
correlations were only weak) except for its correlation with (Ar), (S-Go), (N-Me), 
and (Index I) which had positive but vary correlation in strength. 

Inner margin, outer margin, LOAPC1, and Height of the atlas dorsal arch 
showed vary correlation in strength and direction with cephalometric 

measurements determining jaws rotation (most of this correlations were weak). 
The results of Pearson's Correlation between CBCT measurements of 

Atlas's dimensions and the cephalometric measurements determining jaws 

rotation (according to Björk and Skieller) within male subjects of the sample 
visually shown in Chart 3 

 

 
chart 3: Results of Pearson's Correlation between CBCT measurements of Atlas's dimensions  

and the cephalometric measurements determining jaws rotation (according to Björk and Skieller) 

within female subjects of the sample. 

 

Female subjects of the sample showed that (N-Me) and (S-Go) have positive 

direction and vary strength except for (superior surface)  of correlation with CBCT 
measurements, while (S) attending to have more negative direction and vary strength 
except for (superior surface) of correlation with CBCT measurements, , other 



  5112Tishreen University Journal. Health Sciences Series( 1) ( العدد03الع وم ال حية الم  د ) م  ة  امعة تشرين

333 

cephalometric parameters have vary correlation (in strength and direction) with Atlas's 

CBCT measurements. 
 

DISCUSSION 
The relationship of Atlas's dimensions with jaws rotation in adult 

orthodontically non-treated subjects has been Comprehensively studied in this 

investigation. 
CBCT measurements of Atlas's dimensions showed no statistical significant 

differences between the two genders.  
This was similar to finding of Grave [34].who reveal that the dorsal arch 

height of C1 and C2 displayed the greatest dimensional variability in both sexes. 

Nevertheless, it was in contrary to results of Nisayif [16] who found a 
significant difference in the maximum anterioposterior extent of the atlas only. 

This was also in consensus with Huggare [14], Kylämarkula [35], and Al-
Hashimi results [36]. 

CBCT measurements of Atlas's dimensions having no statistical significant 

differences between the two genders was also in contrary to Marino's results 
studying skeletal specimens [37]. Marino found that, the first cervical vertebra 

could be used as a sex predictor. The one should be note, that Marino's sample 
include different rang of age (25-70) from our study's age rang, and contain two 
human races (black and white). This could be the reason of the differences 

between our results and Marino's results. 
This study reveals vary correlation between CBCT measurements of Atlas's 

dimensions and jaws rotation according to the gender. This was similar to 
Huggare [13], Liu [15], Nisayif [16], and Sandikçioğlu [38]. 

Horizontal Inner Anteroposterior Diameter of C1 (HIAPC1) showed within 

sample's subjects regardless of gender (tab 5, Chart 1) weak negative correlation 
with jaws rotations except of the moderate positive correlation with Gonial angle 

and (Go2). This means, in adult subjects, the Horizontal Inner Anteroposterior 
Diameter of C1 have no significant relationship with jaws rotation. Nevertheless, 
this study revealed that within sample's subjects (regardless of gender) the more 

size increasing of the Atlas's Horizontal Inner Anteroposterior Diameter the more 
increasing of Gonial angle (because of increasing of Lower Gonial angle), and 

vice versa (tab 5, Chart 1). Anyway, (HIAPC1) in male subjects showed more 
negative (but almost weak) correlation with jaws rotation (tab 6, Chart 2), 
whereas in female subjects it showed positive (almost moderate) with jaws 

rotation (tab 7, Chart 3). 
We cannot compare the results of the relationship between the Horizontal 

Inner Anteroposterior Diameter and the jaws rotation with the previous researches 
because, these studies were a cephalometric, which mean, the measurements of 
such anatomical parts in the axial plane were not possible. 

Anteroposterior diameter of superior surface of the Atlas's anterior arch 
(Superior surface) showed within sample's subjects regardless of gender (tab 5, 

Chart 1) weak negative correlation with jaws rotations except of the moderate 
positive correlation with (S), (Go1), and a moderate negative correlation with 
(Ar). This mean, in adult subjects anteroposterior diameter of superior surface of 

the Atlas's anterior arch have no significant relationship with jaws rotation. 
Nevertheless, this study revealed that within sample's subjects (regardless of 



 جحجاح، حسن                                         الفهقة وعلاقتها بدورانات الفكين )دراسة بواسطة الطبقي المحوري المخروطي(.أبعاد 

321 

gender) the more size increasing of Anteroposterior diameter of superior surface 

of the Atlas's anterior arch the more increasing of (S), (Go1) , and the less of the 
Articular angle (Ar) and vice versa (tab 5, Chart 1). 

Anteroposterior diameter of superior surface of the Atlas's anterior arch 
(Superior surface) in male subjects showed more negative (but almost weak) 
correlation with jaws rotation (tab 6, Chart 2), this was correct for female subjects 

also (tab 7, Chart 3). 
We cannot compare the results of the relationship between Anteroposterior 

diameter of superior surface of the Atlas's anterior arch (Superior surface) and the 
jaws rotation with the previous researches because, these studies were a 
cephalometric studies, which mean, the measurements of such complex 

anatomical parts in the axial plane were not conceivable. 
Within all sample's subjects regardless of gender (tab 5, Chart 1) Horizontal 

outer transverse diameter of C1 (HOTDC1) have no statistically significant 
relationship with the rotational growth of jaws. This was correct also for female 
subjects (tab 7, Chart 3). (HOTDC1) in male subjects, had strong negative 

correlation with (Ar), while it was strong positive correlation with (Go1) (tab 6, 
Chart 2), this possibly played as a compensation factor in decreasing the 

significance of the relationship of Horizontal outer transverse diameter of C1 with 
Mandible rotation.  

We cannot compare the results of the relationship between Horizontal outer 

transverse diameter of C1 (HOTDC1) and the jaws rotation with the previous 
researches because, these studies were a cephalometric studies, which mean, the 

measurements of such complex anatomical parts in the axial plane were not 
conceivable. 

Within all sample's subjects regardless of gender (tab 5, Chart 1) the 

minimum transverse diameter of the vertebral canal (inner margin) have almost 
weak correlation (but vary direction) with jaws rotation except of the moderate 

negative correlation with (S), (Go1), and a moderate positive correlation with 
(Ar). Having such weak correlation means that the minimum transverse diameter 
of the vertebral canal (inner margin) have no significant relationship with jaws 

rotation. Anyway, in adult subjects regardless of gender, the more size increasing 
of (inner margin) the less of (S), (Go1) angles, and the more of the Articular angle 

(Ar) and vice versa (tab 5, Chart 1). This is exactly the opposite behaviour (in 
adult subjects regardless of gender) of the correlation between Anteroposterior 
diameter of superior surface of the Atlas's anterior arch (superior surface) and (S, 

Go1, Ar) angles (tab 5, Chart 1). It has been noted that (inner margin) in male 
subjects (comparing with female subjects) have stronger but negative correlation 

with jaws rotations. In fact, (inner margin) in female subjects have no significant 
relationship with jaws rotation (tab 7, Chart 3); while it have a moderate 
significant relationship with jaws rotation in male subjects (tab 6, Chart 2). 

We cannot compare the results of the relationship between the minimum 
transverse diameter of the vertebral canal (inner margin) and the jaws rotation 

with the previous researches because, these studies were a cephalometric studies, 
which mean, the measurements of such complex anatomical parts in the axial 
plane were not possible. 

Within all sample's subjects regardless of gender (tab 5, Chart 1) the 
maximum transverse diameter of the anterior part of the Atlas (Outer margin) 
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have a negative moderate significant relationship with upper jaw rotation, but no 

significant relationship with lower jaw rotation, This was correct also for female 
subjects (tab 7, Chart 3). In male subjects, the maximum transverse diameter of 

the anterior part of the Atlas (Outer margin) showed significant moderate 
negative relationship with jaws rotation (tab 6, Chart 2). 

We cannot compare the results of the relationship between the maximum 

transverse diameter of the anterior part of the Atlas (Outer margin) and the jaws 
rotation with the previous researches because, these studies were a cephalometric 

studies, which mean, the measurements of such complex anatomical parts in the 
axial plane were not possible. 

Within all sample's subjects regardless of gender (tab 5, Chart 1), CBCT 

Atlas measurements that was taken on the sagital plane, showed weak statistically 
significant relationship with jaws rotation.  

Nevertheless, Huggare found that in the groups of low arch of Atlas the 
gonial angle was more obtuse [14]. This was similar to our finding, although this 
correlation was weak in our results (tab 5, Chart 1). 

On the other hand, Huggare [13] found (in a cephalometric study during a 
two-year period) a significant correlation between horizontal growth of the 

mandible and the initial height of the atlas dorsal arch. 
Al-Hashimi [36] stated that the mean values of the gonial angle decrease as 

the atlas dorsal height increase. This was similar to our results, although this 

correlation was weak in our results (tab 5, Chart 1).  
Nisayif (in here cephalometric study) found the higher the dorsal arch is the 

more the horizontal rotation of the mandible, and vice versa [16]. This was 
similar to our results, although this correlation was weak in our results (tab 5, 
Chart 1). 

Nisayif also found a significant correlation with mandibular rotation; the 
higher the dorsal arch and the longer the atlas, is the more the horizontal rotation 

of the mandible, and vise versa [16]. This was in contrary to our finding (tab 5, 
Chart 1). 

Having no statistically significant relationship between CBCT Atlas 

measurements that was taken on the sagital plane and jaws rotation was correct 
also for female subjects (tab 7, Chart 3). This conclusion was in contrary to Liu 

[15] who found (in Shanghai females between 12 and 15 years old) that, when the 
atlas size ratio increased, a reduction of the amount of mandibular horizontal 
growth was showed, and the mandibular rotated backward 

Huggare [14] found that, women with low arches showed a steepened 
mandibular plane, a backward-rotated condylar head, and a decrease in the ratio 

of posterior to anterior face height. This was similar to our results, although this 
correlation was weak in our results (tab 7, Chart 3). However, in male subjects 
(tab 6, Chart 2), CBCT Atlas measurements that was taken on the sagital plane 

showed more strong and more negative correlation with cephalometric 
measurements determining jaws rotation, (excepting of Go which had positive 

correlation. This is identical to the results of Huggare [14] in a study based on 
macroscopical observations of skeletal material). Nevertheless, in adult male 
subjects (tab 6, Chart 2), the height of the atlas dorsal arch have weaker 

correlation with cephalometric measurements determining jaws rotation excepting 
a negative moderate strength only for (Ar) (the more Height of the atlas dorsal 
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arch the less of Articular angle, and vice versa). This mean a weak statistically 

significant relationship between the Height of the atlas dorsal arch and the 
rotational growth of jaws in adult male subjects. Sandikçioğlu [38] found a 

negative correlation between the height of the posterior arch of atlas and the 
inclination of the mandible and the maxilla to the anterior cranial base in adult 
males. However, we found that in adult male subjects (tab 6, Chart 2), the more 

size increasing of the CBCT Atlas measurements that was taken on the sagital 
plane, the more Counterclockwise Rotation of upper and lower jaws and vice 

versa. This was similar to Nisayif results [16]. Positive correlation of (Go) could 
be explained according to Björk [19, 21, 32] as a kind of compensating rotation 
growth reaction.  

Since (NL-NSL) and (ML-NSL) showed weak correlation with CBCT Atlas 
measurements (except for the moderate negative correlation of NL-NSL with 

outer margin ) within all sample's subjects regardless of gender (tab 5, Chart 1), 
the upper jaw rotation and the slope of Mandible's lower border have no 
statistically significant relationship with CBCT Atlas measurements.  

Having weak correlation of (NL-NSL) and (ML-NSL) with CBCT Atlas 
measurements was also correct for female subjects (tab 7, Chart 3). This was in 

contrary to Huggare [14] who concluded that, in female with low high arches 
(posterior and anterior) revealed a steepened mandibular plane, a backward-
rotated condylar head, and a decrease in the ratio of posterior to anterior face 

height. 
In male subjects, rotation of upper and lower jaws showed stronger (but 

only negative) correlation with all CBCT Atlas measurements (tab 6, Chart 2). 
This mean, in adult male subject: the more size increasing of the CBCT Atlas 
measurements, the more Counterclockwise Rotation of upper and lower jaws, and 

vice versa. This was corresponded results of Sandikçioğlu [38] who also found a 
negative correlation between the height of the posterior arch of atlas and the 

inclination both of mandible and maxilla to the anterior cranial base in adult 
males. 

Discussing the results of this study, some of our conclusions were in 

contrary with previous studies, and this may be because: 

 Previous studies studying Atlas morphology used lateral cephalometric, 

which give low quality data because of the image enlargement, and that in one 
plane only (the sagittal plane) [39]. Whereas the current study used CBCT scan 
which can produce more high-quality data investigating the detailed morphology 

of cervical vertebrae in the sagital, frontal, and axial planes with less enlargement 
comparing with Conventional cephalometry [30, 40, 41, 42] 

 Previous studies studying Atlas morphology in different population, which 
could lead to morphogenetic differences in Atlas measurements. [28]. 

 It is not possible to find a single factor responsible for direction and 
motion of the jaws rotation. Individual variations may exist, not only due to 

morphogenetic factors, but also due to the functional factors. 
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CONCLUSION 
1. CBCT measurements of Atlas's dimensions showed no statistical 

significant differences between the two genders.  

2. This study reveal vary correlation between CBCT measurements 
of Atlas's dimensions and jaws rotation according to the gender. CBCT 
measurements of Atlas's dimensions in adult male subjects (comparing with adult 

female subjects) hade more strong correlation (but vary in strength and direction) 
with jaws rotations. 

3. This study revealed that within sample's subjects (regardless of 
gender) the more size increasing of the Atlas's Horizontal Inner Anteroposterior 
Diameter the more increasing of Gonial angle (because of increasing of Lower 

Gonial angle), and vice versa. 
4. Atlas's Horizontal Inner Anteroposterior Diameter in male subjects 

showed more negative (but almost weak) correlation with jaws rotation, whereas 
in female subjects it showed positive (almost moderate) with jaws rotation. 

5. This study revealed that within sample's subjects (regardless of 

gender) the more size increasing of Anteroposterior diameter of superior surface 
of the Atlas's anterior arch the more increasing of (S), (Go1) , and the less of the 

Articular angle (Ar) and vice versa. Anteroposterior diameter of superior surface 
of the Atlas's anterior arch in male and female subjects (independently) showed 
weak negative correlation with jaws rotation, female subjects also showed weak 

negative. That mean Anteroposterior diameter of superior surface of the Atlas's 
anterior arch have no statistical significant relationship with jaws rotation. 

6. Within all sample's subjects regardless of gender Horizontal outer 
transverse diameter of C1 (HOTDC1) have no statistically significant relationship 
with the rotational growth of jaws, although male subjects showed strong negative 

correlation with (Ar), and strong positive correlation with (Go1).  
7. In adult subjects regardless of gender, the more size increasing of 

(inner margin) the less of (S), (Go1) angles, and the more of the Articular angle 
(Ar) and vice versa. Anyway, only in male subject it showed a moderate 
significant relationship with jaws rotation. 

8. Within all sample's subjects regardless of gender the maximum 
transverse diameter of the anterior part of the Atlas (Outer margin) have a 

negative moderate significant relationship with upper jaw rotation, but no 
significant relationship with lower jaw rotation, only in male subjects it showed 
significant moderate negative relationship with jaws rotation. 

9. Within all sample's subjects regardless of gender, CBCT Atlas 
measurements that was taken on the sagital plane, showed weak statistically 

significant relationship with jaws rotation. However, we found that in adult male 
subjects, the more size increasing of the CBCT Atlas measurements that was 
taken on the sagital plane, the more Counterclockwise Rotation of upper and 

lower jaws and vice versa. 
10. the upper jaw rotation and the slope of Mandible's lower border 

have no statistically significant relationship with CBCT Atlas measurements, 
though it have been noted in adult male subject a weak association: the more size 
increasing of the CBCT Atlas measurements, the more Counterclockwise 

Rotation of upper and lower jaws, and vice versa. 
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