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Abstract
 Objectives: To evaluate the von Mises stress distribution in the periodontal ligament and the dis-
placement pattern of maxillary whole arch distalization applied to retraction hooks of different lengths 
with miniscrew anchorage and to determine the optimal length of retraction hook, using a finite element 
method.
 Methods: A finite element model of maxillary teeth with periodontal ligament and alveolar bone was 
constructed. The miniscrews were placed bilaterally 6 mm above the buccal cemento-enamel junction 
at the modified infrazygomatic crest site. The distalization force of 200 g was applied to 0-, 2-, 4-, 6-, 
8-mm-length retraction hooks located between the lateral incisors and canines.  The stress distribution 
in the periodontal ligament and the displacement of the teeth were analyzed. The optimal length of 
retraction hook for maximal distal movement of the maxillary whole arch along the occlusal plane was 
investigated.
 Results: The von Mises stress in the anterior teeth was greater than in the posterior teeth with all 
hook lengths. When using the short hooks, the areas of high stress were in the lateral incisor, canine  
and second molar. When using the long hooks, the areas of high stress were in the anterior teeth. 
With the 0-mm and 2-mm lengths, the anterior teeth were extruded and tipped palatally; the poste-
rior teeth were intruded and tipped distally. With the 4-mm length, all maxillary teeth were distal-
ized along the occlusal plane with minimal movement in the vertical direction. The anterior teeth 
were slightly tipped labially; the posterior teeth were slightly tipped distally. With the 6-mm and 
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8-mm lengths, the anterior teeth were intruded and tipped labially; the posterior teeth were extruded  
and tipped distally. The optimal length in this study was found to be 4 mm.
 Conclusions: Different lengths of retraction hooks resulted in different patterns of stress  
distribution in the PDL and in different patterns of displacement of the maxillary teeth in whole arch 
distalization. The optimal length of retraction hook was 4 mm for maximal distal movement of the 
maxillary whole arch along the occlusal plane.  

 Keywords: whole arch distalization, en-masse distalization, finite element, retraction hook

Introduction
 Non-extraction treatment of Class II maloc-
clusion requires maxillary dentition distalization, 
mandibular dentition mesialization, or a combination 
of both.(1,2)  Distalization can be divided into sequen-
tial distalization and en-masse distalization. In the 
sequential distalization, initially the first and second 
molars are distalized by open-coil spring, then the 
premolars and then the anterior teeth. This method 
can cause proclination of the anterior teeth and distal 
tipping of the molars during distalization.(3,4) En- 
masse distalization is achieved by distalizing all of 
the anterior and posterior teeth at the same time, as 
one rigid block, using miniscrew anchorage.(1,5-8)  
Although this method may reduce the overall treat-
ment time, it may increase the risk of root resorption 
since the applied magnitude of force is larger than 
that of the sequential distalization.(7)

 Miniscrew implant placement locations for 
maxillary dentition distalization are varied.(9,10) The 
placement locations include the midpalatal or para-
median areas of the palate,(11) the buccal or palatal 
interradicular areas,(6,7,9) and the infrazygomatic 
crest.(8)  The most ideal safe zone for placing minis-
crews for distalization of the maxillary dentition is 
the region between the maxillary first and second 
molar in the infrazygomatic crest area,(9) which is 
called  the  “Modified infrazygomatic crest site.” 
(Modified IZC)(12,13) This site provides thick cortical 

bone and fewer problems with root proximity than 
in the interradicular areas.(8,9)

 Each study and case report conducted previously  
applied different loading forces for whole arch  
distalization, ranging from 200 to 300 g.(5-8,12,14,15) 
Most of them, however, used a force magnitude of 
about 200 g and found no side effect in terms of 
root resorption and periodontitis.(5-7,12) Therefore, 
the force magnitude of 200 g will be chosen for this 
study.
 The relationship between the line of action of 
the applied force and the center of resistance (CRes) 
defines the type of tooth movement.(4) Force passing 
through the CRes causes translation; force passing 
off-center causes rotation or tipping.(16) Clinically, it 
is difficult to accurately determine the line of force 
passing through the CRes of the maxillary dentition. 
Moving the line of force close to the CRes by apply-
ing the force to a different retraction hook lengths 
can cause more translational movement rather than 
applying the force at the bracket level.(3) Jeong  
et al.(32) reported that the CRes of the maxillary 
dentition in their finite element model constructed 
from Nissin commercial tooth model was 13.5 mm. 
apically and 12.0 mm. posteriorly to the incisal edge 
of the maxillary central incisors. As our study will 
also use Nissin dental model, we will choose this 
location as the CRes of our finite element model.  
 The finite element method is a contemporary 
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research tool in orthodontics for measuring struc-
tural stress and for movement analyses.(17,18) It is 
a numerical stress analysis which can be used to 
describe the stress situation within the periodontal 
ligament (PDL) and surrounding alveolar bone.(19) 
This method has become popular since it is com-
pletely non-invasive, very accurate and it is based 
on the mathematical properties of the structures.(18) 
The purposes of this study were to use the finite 
element method to evaluate the pattern of stress  
distribution in the PDL and the tooth displacement 
pattern of maxillary whole arch distalization relative 
to force vectors applied to retraction hooks of different  
lengths and to determine the optimal length of retrac-
tion hook for maximal distal movement of the maxil-
lary whole arch along the occlusal plane, when using 
miniscrew anchorage placed at the modified IZC.

Materials and methods
 All maxillary teeth of a commercial model  
(Model-i21FE-400C; Nissin Dental Products,  
Kyoto, Japan) based on the average tooth dimen-
sions of Asian adults with normal occlusion were 
scanned via 3-D laser scanning to make digital 
tooth images.(20-25) The solid model, including all  
maxillary teeth, PDL and maxillary bone was con-
structed and assembled using SolidWorks software 
(Dassault Systèmes Americas, Waltham, Mass., 
USA). The maxillary bone consisted of cancellous 
bone with 1.0 mm thickness of cortical bone. The 
alveolar crest was formed following the curvature of 
the cemento-emamel junction (CEJ), 1 mm apical to 
the CEJ.(24,26) The thickness of the PDL was assumed 
to be a uniform 0.2 mm. The brackets were modeled 
with slot dimensions of a 0.018 x 0.025 inches and  
attached to the midpoint of the facial axis of the 
crown and completely connected to each tooth. The 
main archwire was modeled as a stainless-steel wire 
with dimensions of 0.017 x 0.025 inches, and it 
was assumed that there was no play and no friction 

between the brackets and the archwire. Retraction 
hooks were modeled using 0.036 inch crimpable 
hook stainless steel and located bilaterally between 
the lateral incisors and canines. The miniscrew  
position was simulated 6 mm above the buccal CEJ 
between the maxillary first and second molars at the 
position of the modified IZC, as proposed by Lin.(12)

 The properties of all materials were those 
used in previously conducted finite element studies  
(Table 1).(27-33) All materials were assigned iso-
parametric, homogeneous, linear, elastic properties,  
excepting the PDL, which was defined as having  
non-linear elasticity. Ogden model property values were  
assigned to describe the non-linear elastic stress-
strain behavior of the PDL (Table 2).(34)

 The constructed finite element model was 
meshed into 148,914 nodes and 651,810 elements. 
The teeth, PDL and alveolar bone were constructed 
into tetrahedron elements. The brackets, hooks, and 
archwire were constructed into hexahedron elements. 
The interactions between teeth were tie contact with 
no friction. The boundary conditions were defined 
at the top and back surface of the maxillary bone. 

Table 1  Material properties of dentin, cortical bone, cancel-

lous bone and stainless steel required within the FE 

model.(27-33)

Material
Young’s 

modulus (MPa)

Poisson’s 

ratio
Dentin 19600 0.3
Cortical bone 13700 0.26
Cancellous bone 1370 0.3
Stainless steel 200000 0.3

Table 2  Coefficients of the third order Ogden model property 

values describing non-linear elasticity of PDL.(34)

i µi ai Di

1 -24.4237106 1.99994222 4.87164332
2 15.8966494 3.99994113 0.00000000
3 8.56953079 -2.00005453 0.00000000
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The orientation of this model was established with 
the x axis representing the mesio-distal direction of 
the anterior teeth and the bucco-palatal direction 
of the posterior teeth. The y axis represented the 
supero-inferior direction. The z axis represented the 
antero-posterior direction, which is the labio-palatal 
direction of the anterior teeth and the mesio-distal 
direction of the posterior teeth. +X represents the left 
side of model, in the right quadrant, +x represents 
the mesial direction of movement of the anterior 
teeth and the palatal direction of movement of the 
posterior teeth. In the left quadrant, +x represents 
the distal direction of movement of the anterior teeth 
and the buccal direction of movement of the posterior 
teeth. +Y values were defined as the inferior or apical 
direction and +z values were defined as the labial 
direction of the anterior teeth or the mesial direction 
of the posterior teeth (Figure 1). 
 A distalization force vector of 200 g was applied 
from the miniscrew to the retraction hooks of 0-mm, 
2-mm, 4-mm, 6-mm, and 8-mm lengths (Figure 2) 
The location of CRes was defined same as the loca-
tion described by Jeong et al.(31) The displacement 
patterns of the teeth, produced by the force vectors 
resulting from using each hook length, were calculat-

Figure 1  The orientation of the model. X axis: (+) left, (−) right 

direction; y axis: (+) superior, (−) inferior direction; 

z axis: (+) anterior, (−) posterior direction. 

Figure 2 Schematic force diagram and miniscrew position. 

Forces (200 g) were applied from the miniscrew to 

different vertical positions of the retraction hook: 0 

mm, 2 mm, 4 mm, 6 mm and 8 mm. located between 

the lateral incisor and canine. The location of minis-

crew was simulated at 6 mm above the buccal CEJ 

between the first and second molar.

Figure 3  The reference points of teeth are represented as 

yellow dots for the assessment of tooth displacement. 

ed in the x, y, and z axes. The midpoints of the incisal 
edges of the central and lateral incisors, the cusp tip 
of the canine, the buccal cusp tips of the premolars, 
the mesio-buccal cusp tips of the molars, and the root 
apices of each tooth were used as reference points to 
evaluate the displacement of the teeth. The Abaqus 
software (Dassault Systèmes Americas) was used 
to calculate and visualize the PDL von Mises stress 
distribution and tooth displacement patterns for the 
whole arch distalization of all maxillary teeth.

Results
 Von Mises stress distribution in PDL and tooth 
displacement patterns of the right and left quadrants 
were assumed to be the same because the point of  
application and angle of force direction were the 
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same. Therefore, only the left quadrant is shown in 
these results, for clarity and to eliminate superimpo-
sition of the right and left quadrants.

 Von Mises stress distribution in PDL
 The von Mises stress distribution in the PDL was 
calculated in N/mm2 (MegaPascals or MPa). The 
color-coded map of von Mises stress distribution in 
the PDL with all hook lengths is shown in Figure 4. 
The levels of stress are shown in the map, in which 
red represents the areas of maximum stress and dark 
blue represents the areas of minimum stress. 
 The stress produced when using 0-mm retrac-
tion hooks was greatly concentrated in the canine 
and the distal root of the second molar. The highest 
stress value was in the cervical third of the canine 
(2.939x10-4 MPa). The lowest stress value was in the 

apical third of the central incisor (3.751x10-9 MPa) 
(Figure 4A). 
 The stress produced when using 2-mm retrac-
tion hooks was greatly concentrated in the lateral  
incisor, canine and the distal root of the second  
molar. The highest stress value was in the cervical 
third of the canine (4.465x10-4 MPa). The lowest 
stress value was in the apical third of the central  
incisor (6.286x10-9 MPa) (Figure 4B). The distribu-
tion patterns of the above two hook lengths are nearly 
the same pattern.
 With the 4-mm length of retraction hook, the 
highest stress value was in the apical third of the 
lateral incisor (4.162x10-4 MPa). The high stress 
was also found in the second molar but lower than 
with the 0-mm and 2-mm hooks. The lowest stress 
value was in the apical third of the first premolar 

Figure 4  Color-coded map of von Mises stress distribution in the left maxillary quadrant PDL. The areas of maximum and  

minimum stress are indicated. A) 0-mm, B) 2-mm, C) 4-mm, D) 6-mm, E) 8-mm lengths
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(1.515x10-5 MPa) (Figure 4C). 
 With the 6-mm length of retraction hook, the 
areas of high stress were in the apical third of the 
central incisor, lateral incisor and canine. The highest  
stress value was in the apical third of the lateral  
incisor (5.603x10-4 MPa). The lowest stress value 
was in the apical third of the first molar (7.650x10-6 
MPa) (Figure 4D). 
 With the 8-mm length of retraction hook, the  
areas of high stress were nearly the same pattern 
with the 6-mm length, but the stress was more con- 
centrated. The highest stress value was in the apical 
third of the lateral incisor (7.599x10-4 MPa). The 
lowest stress value was in the cervical third of the 
second molar (8.123x10-9 MPa) (Figure 4E).

 Displacement of all maxillary teeth
 The displacement patterns of all maxillary 
teeth with each length of retraction hook are shown 
in Figure 4. The translucent yellow tooth images 
show the positions of the teeth before applying the 
force, and the blue tooth images show the displaced 
positions afterwards. The directions of the arrows  
adjacent to the teeth represent the directions of the 
tooth movement. The length and color of the arrows 
represent the distance of the tooth movement. With 
all lengths of retraction hooks, the amounts of initial 
tooth movement in the anterior segment were larger 
than in the posterior segment.
 With the retraction hook lengths of 0 mm  
(bracket slot level) and 2 mm, palatal crown tipping 
and extrusion of the anterior teeth were observed. 
The posterior tooth movement was distal tipping 
and intrusion (Figure 5A & B). In the occlusal view, 
all teeth moved in the posterior direction with the  
anterior teeth moving palatally and the posterior 
teeth moving distally. The crowns of the posterior 
teeth tipped slightly buccally (Figure 6A & B). 
 With the retraction hook length of 4 mm, 
both crowns and roots of the anterior teeth moved  

palatally and slighltly intruded. The root apices  
displaced palatally more than the crowns. The 
crowns of posterior teeth moved distally. The  
premolars were slightly extruded, but the molars 
were slightly intruded (Figure 5C). In the occlusal 
view, all teeth still moved in the posterior direction 
but, in contrast to the situation with 0-mm and 2-mm 
hooks, the crowns of the posterior teeth tipped slight-
ly palatally (Figure 6C). 
 With the retraction hook length of 6 mm and 
8 mm, the direction of anterior tooth movement 
changed from palatal crown tipping to labial crown 
tipping. The anterior segment of archwire was raised 
upward, resulting in anterior teeth proclination and 
intrusion. The posterior teeth tipped slightly distally 
and extruded (Figure 5D & E). In the occlusal view, 
the crowns of the anterior teeth tipped labially and 
the root apices tipped palatally. The crowns of the 
posterior teeth tended to tip palatally to a greater 
extent than with the 4-mm hook (Figure 6D & E). 

 Optimal length of retraction hook
 The optimal length of retraction hook in this study 
was 4 mm. The anterior and posterior teeth moved 
distally along the occlusal plane with minimal vertical  
movement and tipping.
 
Discussion
 This finite element study of maxillary whole 
arch distalization demonstrates that applying  
distalization force to different lengths of retrac-
tion hooks resulted in different patterns of stress 
distribution in the PDL and in different patterns of  
displacement of the maxillary teeth. We also found 
that the optimal length of retraction hook that  
produced closed to distal translation movement of 
the maxillary whole arch was 4 mm. 
 Applying distalization force to the retraction 
hook, the initial movement was mainly observed 
at the anterior teeth as proved by FEM. The force 



 CM Dent J Vol. 42 No. 1 January-April 2021131

Figure 5  Displacement of the left maxillary teeth indicated by superimposition of before (yellow) and after (blue) application of 

the distalization force. The direction of tooth movement indicated by the colored arrows. The length and color of the 

arrows represent the distance of the tooth movement. Long red arrows indicate large amounts of displacement; short 

blue arrows indicate small amounts of displacement. A) 0-mm., B) 2-mm., C) 4-mm., D) 6-mm., E) 8-mm. lengths
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Figure 6  Displacement of all maxillary teeth indicated by superimposition of before (yellow) and after (blue) application of the 

distalization force in the occlusal view. The direction of tooth movement indicated by the colored arrows.  A) 0-mm, B) 

2-mm, C) 4-mm, D) 6-mm, E) 8-mm lengths
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and stress were also transferred to the second  
molar, causing posterior tooth movement and whole 
arch distalization. Thus, this finite element finding 
may be used as evidence to support the theory of en- 
masse distalization, which proposes that the entire 
maxillary dentition can be effectively moved after 
applying force to an anteriorly located hook.(24)  
 In this study, the results of stress distribution in 
the PDL were examined in terms of the von Mises 
stress. It was used to represent the overall stress 
of a multi-axial stress just the same as it has been 
applied in previous studies.(22,24,35-37)  The stress on 
the teeth close to the point of force application at the 
retraction hook, was more concentrated than on some 
other teeth in positions farther from the hook. With 
0-mm- and 2-mm- hooks, the highest level of stress 
was found at the cervical third of canine. With the 
other lengths, the highest level of stress was found 
on the apex of lateral incisor, which was also close 
to the point of force application.  These outcomes are 
in agreement with those of Sung et al.(24)

 The results revealed that the length of retraction 
hook highly relates to the types of tooth movement. 
Changing the length of retraction hook affects the 
distance between the line of action of force and the 
CRes. When distalization force is applied to low- 
level hooks, the line of action of the force passed 
below the CRes and induced clockwise moment, 
resulting in steepening of the occlusal plane. Conse-
quently, the anterior teeth had palatal crown tipping 
and extrusion. The posterior teeth tipped distally 
and substantially intruded (Figure 7A). The level of 
stress was high at the distal root of the second molar 
because the posterior teeth were intruded.  More-
over, the constructed tuberosity distal to the second 
molar and the boundary conditions at the back of the 
model may have strongly resisted the distalization, 
resulting in high stress in the distal root of the second 
molar (Figure 4A & B). On the other hand, the line of  
action of the force passed above the CRes and  

generated counterclockwise moment, resulting in  
upward rotation of the occlusal plane. The labial  
flaring of anterior teeth was observed, and the pos-
terior teeth were slightly extruded (Figure 7C). The 
stress in the PDL of posterior teeth was less than 
that with shorter hooks because extrusion occurred 
(Figure 4D & E).
 When a distalization force was applied to a 
4-mm hook, the line of action of the force passed 
near the CRes, rather than passing through it, and a 
low moment was generated. The line of force may 
have passed either slightly below or slightly above 
the CRes; therefore, the low moment may have been 
either clockwise or counterclockwise, respectively 
(Figure 7B). All maxillary teeth moved distally along 
the occlusal plane with minimal intrusion or tipping. 
The location of the miniscrew at the Modified IZC 
was higher than the CRes resulted in a distal and 
upward direction of the line of action of force,  
generating intrusion and distalization of the maxillary  
dentition. In whole arch distalization, the entire  
maxillary dentition did not undergo pure bodily 
movement. The reason may be archwire deflection 
of the force system, causing a relatively some degree 
of tipping movement. 
 All of the tooth displacement patterns studied 
correspond with the results of previous studies that 
used different lengths of retraction hook for whole 
arch distalization with interradicular miniscrews(24), 
and for distalization of the posterior teeth with  
modified IZC miniscrews.(38)

 The distalization force can be divided in to 
three axes which affect to the occurred displacement  
pattern. The amount of force in each axis was  
calculated and represented as Fx, Fy, and Fz. Fx was 
a lateral force along the x axis; Fy was an intrusive 
force along the y axis; Fz was the horizontal force 
or distalization force along the z axis.  These forces 
were calculated from the resultant force formula of 
three vectors using the angle values in this finite 
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Figure 7  Schematic diagram of moments on whole arch distalization using retraction hooks and miniscrews. A black dot indicates 

the position of the CRes. Red dotted lines indicate the distalization force. Red solid curved arrows express the moments 

that originated from the force. A) 0-mm hook (short): the red dotted line passes below the CRes, and a clockwise moment 

is generated. B) 4-mm hook: the red dotted line passes near the CRes, and a low moment is generated which may be 

clockwise or counterclockwise. C) 8-mm hook (long): the red dotted line passes above the CRes, and a counterclockwise 

moment is generated.

element model. The θ angle was the angle formed 
between the line of action of force and the horizontal 
plane (Z-axis), whereas the α angle was the angle 
formed between the line of action of force and the 
lateral force vector (X-axis), as shown in Figure 
8. The α angle varied, depending on the length of 
retraction hook. An increase in its length led to a 
decrease in the θ angle. The θ angle is zero when the 
level of the retraction hook is the same as that of the 
miniscrew.(39) In contrast, the α angle value remained 
constant because the locations of retraction hook and 
miniscrew were fixed. 
 When using short hooks, the θ angle becomes 
larger, resulting in high Fy (intrusive force) and 
low Fz (distalization force).(39) In our study, shorter 
hooks resulted in greater intrusion of the posterior 
teeth than did longer hooks. In contrast, long hooks 
the θ angle was reduced, resulting in low Fy and high 
Fz. Therefore, the intrusion of posterior teeth was 
less than with shorter hooks.

  Additionally, we found that the arch wire deflec-
tion occurred when using a retraction hook attached 
to the main archwire due to high bending moments 
at the joint of these two components. The high bend-
ing moments increase progressively according to 
the length of the retraction hook and the flexibility 
of the main archwire.(25) As found with high-level 
hooks, the anterior segment of the archwire was 
raised upward because a bending moment occurred 
between the lateral incisor and canine. Consequently,  
the deflection of archwire induced an intrusive 
force acting on the anterior teeth, thereby causing 
labial flaring of incisors. Additionally, the palatal 
crown tipping of the posterior teeth when using the 
high-level hooks gradually increased from a twist 
of the posterior segment of the archwire. This twist 
may have acted on the teeth in the same way as the 
third order bend or torque that occurs when archwires 
are bent using pliers. We attributed the deflection 
and flexibility of the archwire to the property of the 
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Figure 8  Schematic force diagram and the angle of force in the horizontal and vertical planes. A) sagittal view of finite element 

model showing the θ angle. B) top view of the model showing the α angle 

main archwire, which was assigned to be an elastic 
material because the idea of an orthodontic archwire 
with rigid strength is unrealistic.(24) 
 In this study, all materials were assigned as  
linear elastic properties, excepting the PDL, which 
was defined as having non-linear elasticity because 
of its hyper-elastic behavior. The Ogden model was 
used to express the elastic response of this biologi-
cal soft tissues.(34)  These material property values  
normally vary in each person owing to individual  
differences in histologic tissue properties.(20) Addi-
tionally, the thickness of PDL is, in fact, non-uni-
form, having an hour-glass shape with the mid-root 
level having the narrowest width;(40) however, in this 
study, it was assumed to be uniform (0.2 mm). 
 The selection of a hook length for whole arch 
distalization in each case should be based on the  
existing malocclusion and the specific treatment plan 
for each patient.(21,38) Short hooks could be effective 
for palatal crown tipping of the anterior teeth and 
intrusion of the posterior teeth which are suitable for 
the flared incisors and open bite case. Intrusion of the 
posterior teeth resulted in autorotation of mandibular 
and decreased the open bite. Long hooks should be 
used for palatal root movement of the anterior teeth 
and minor extrusion of the posterior teeth, resulting 

in the posterior rotation of mandible. Thus, long 
hooks are suitable for the retroclined incisors and 
deep overbite case.(24)

 The greater the concentration of stress, the larger 
is the hyalinized zone of PDL, resulting in a reduced 
rate of tooth movement and leading to root resorp-
tion.(41,42) Therefore, when applying whole arch 
distalization, the roots of the anterior teeth may be 
highly prone to resorption due to higher stress in 
those teeth.
 Three-dimension computed tomography 
may be used in future studies to create individual 
tooth models for better simulations of orthodontic 
tooth movement and for greater accuracy in treat-
ment planning.(20,21,38,43) Besides, studies can be  
improved by studying the duration of tooth move-
ment. Treatment duration is an important factor that 
may yield different results from those of this static 
FEM study. Therefore, dynamic FEM studies may 
provide an increasingly realistic basis for orthodontic 
tooth movement.

Conclusions
 1. Different lengths of retraction hooks resulted  
in different patterns of stress distribution in the 
PDL and in different patterns of displacement of the  
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maxillary teeth in whole arch distalization. 
 - The von Mises stress in the PDL of the anterior 
teeth, especially the teeth near the retraction hook, 
was greater than in the PDL of the posterior teeth 
with all lengths of retraction hook. Areas of high 
stress concentration were also found in the intruded 
teeth, the second molar when using short hook and 
the anterior teeth for long hook.
 - The use of short hooks induced palatal crown 
tipping with extrusion of the anterior teeth and distal 
crown tipping with intrusion of the posterior teeth. In 
contrast, the use of long hooks induced labial crown 
tipping with intrusion of the anterior teeth and distal 
crown tipping with extrusion of the posterior teeth. 
 2. The optimal length of retraction hook was 4 
mm that produced movement closed to distal trans-
lation of the maxillary whole arch along the occlusal 
plane; however, pure bodily movement did not occur. 
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