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فصل اول: ارتودانتکیس

1- بر اساس مطالعات اپیدمیولوژیک NHANES III، میزان شیوع کدامیک از شاخص‌های زیر از سن 8 تا 
50 سال، افزایش می‌یابد؟

Open Bite )ب 			  Excessive Overjet )الف
Ideal Alignment )د 			  Severe Crowding )ج

2- در کدام گزینه، نحوه رشد استخوانی بعد از تولد، صحیح عنوان‌شده است؟ )I )Intramembranous و 
E )Endochondral(

Cranial VaultCranial BaseMaxillaMandible

II&EII&Eالف(

EI&EEIب(

IEII&Eج(

EII&EEد(

)Cervical S‌tage = CS( 3- نمای رادیوگرافی روبرو از مهره‌های گردنی، کدام مرحله رشدی را نشان می‌دهد؟

 CS1 )الف
CS2 )ب
 CS3 )ج
CS4 )د
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CS1 CS2 CS3 CS4 CS5

C2

C3

C4

Peak of Mandibular Growth

2 years
1 year

<1 year
<1-2 years

>1 year
>2 years

CS6A

B

D

F

E

C

   •  Fig. 3.12      Vertebral ages calculated from the image of the cervical vertebrae seen in a lateral cephalo-
metric radiograph. (A) Diagrammatic drawings and relationships of the stages to the peak of mandibular 
growth. (B) Stage 2, indicating that peak growth at adolescence is still a year or so ahead. (C) Stage 3, 
which on average occurs less than 1 year prior to peak growth. (D) Stage 4, typically a year or so beyond 
peak growth. (E) Stage 5, more than 1 year beyond the peak of the growth spurt, probably with more 
vertical than anteroposterior growth remaining. (F) Stage 6, more than 2 years beyond peak growth (but 
a patient with a severe skeletal problem, especially excessive mandibular growth, is not necessarily ready 
for surgery; the best way to determine the cessation of growth is serial cephalometric radiographs). 
([A] from Baccetti T, Franchi L, McNamara JA Jr.  Semin Orthod . 2005;11:119–129.)       

4- کدام گزینه جمله زیر را تکمیل می‌کند؟
Displacement آن......... است زیرا سمت دهانی  »میزان کلی حرکت رو به پایین سقف دهان، از میزان 

آن ......... است.«
د( بیشتر – تشکیلی 		 ج( کمتر – تشکیلی 		 ب( بیشتر – تحلیلی 		 الف( کمتر – تحلیلی

5- کدام گزینه Deformity محسوب می‌شود؟
الف( شکاف کام در پیر رابین سکوئنس

ب( فقدان دندان‌های دائمی در اکتودرمال دیسپلازی
ج( کوچکی مندیبل در سندرم استیکلر

د( دندان‌های اضافی در کلیدوکرانیال دیسپلازی
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6- در معاینه داخل دهانی کودکی با صورت نرمال، کراس بایت خلفی در سمت چپ مشاهده می‌شود. مهم‌ترین 
نکته در ادامه معاینه بالینی وی بررسی کدام گزینه است؟

ب( چرخش رول ماگزیلا 				   الف( شیفت مندیبل
د( تنفس دهانی 			  ج( عادت مکیدن انگشت

در قوس‌های  کافی  و وجود فضای  نرمال  اسکلتی  الگوی  با  پانورامیک کودکی 5 ساله،  رادیوگرافی  در   -7
دندانی، لترال های شیری فک بالا مشاهده نمی‌شوند. مشاهده کدام گزینه، در سن 10 سالگی وی، احتمال 

بیشتری دارد؟
ب( دیپ بایت قدامی 			  الف( کراس بایت قدامی

د( نهفتگی دندان‌های نیش فک بالا 			  ج( دیاستم میدلاین فک بالا

8- کاهش شدید کدامیک از شاخص‌های سفالومتری زیر، در بیماری با کراودینگ کمتر از 4 میلی‌متر، نیاز به 
کشیدن دندان در طرح درمان ارتودنسی را، مدنظر قرار می‌دهد؟
IMPA ب( زاویه 		 NA الف( زاویه ثنایای بالا به خط

د( زاویه ثنایای بالا به ثنایای پایین 				   ج( زاویه پلان مندیبل

و  به ترتیب در کودکان  را پیچیده‌تر کند  ارتودنسی  9- شایع‌ترین مشکل سیستمیک که می‌تواند درمان 
بزرگسالان کدام است؟

ب( دیابت – دیابت 			  الف( آرتریت روماتوئید – دیابت
د( آرتریت روماتوئید – آرتریت روماتوئید 			  ج( دیابت – آرتریت روماتوئید

10- اقدام درمانی مناسب جهت کودکی که در زمان رویش لترال پایین، کانین شیری یک‌طرف را از دست‌داده 
است چیست؟

الف( لینگوال ارچ اکتیو جهت اصلاح تیپ لینگوالی انسیزورها و کشیدن کانین شیری سمت مقابل
ب( لینگوال ارچ اکتیو جهت اصلاح تیپ لینگوالی انسیزورها و سپس دستگاه ثابت جهت اصلاح تغییرات جزیی میدلاین

ج( لینگوال ارچ پاسیو جهت پیشگری از تیپ لینگوالی انسیزورها و کشیدن کانین شیری سمت مقابل
د( لینگوال ارچ پاسیو جهت پیشگیری از تیپ لینگوالی انسیزورها و سپس دستگاه ثابت جهت اصلاح میدلاین

نرمال، جلوگیری  نیروهای سنگین در جویدن  اعمال  ایجاد حس درد در دندان‌ها، حین  از  11- کدام مورد 
می‌کند؟

ب( خم شدن استخوان آلوئول 			  الف( ایجاد جریان پیزوالکتریک
PDL د( مقاومت مایع درون 			  ج( جابجایی سریع دندان
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12- در منحنی زیر، کدام گزینه ظرفیت ذخیره انرژی سیم را نشان می‌دهد؟

A )الف
B )ب
C )ج
D )د

13- کدامیک از اجزا دستگاه فانکشنال باعث تسهیل فرآیند رویش دندانی و کنترل بعد ورتیکال در بیمار 
کلاس 2 اسکلتال می‌شود؟

Lingual Shield )ب 			  Bite Blocks )الف
Lingual Flanges )د 		 Occlusal S tops )ج

14- کودک 8 ساله‌ای دستگاه مقابل را در داخل دهان دارد. کدامیک از گزینه‌های زیر در مورد این دستگاه 
صحیح است؟

الف( در اکثر موارد عادت سریع حذف می‌شود.
ب( حداکثر 6 ماه در داخل دهان باقی می‌ماند.

ج( نیاز به همکاری ندارد ولی رعایت بهداشت دهان الزامی است.
د( تا یک سال اثر آن بر سطح فوقانی زبان ممکن است دیده 

شود.
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the incisors during swallowing, still is often thought to be a cause 
of malocclusion despite the number of studies that have found no 
such relationship. Let ’ s review what is known now about tongue 
thrusting as an etiologic factor. 

 Laboratory studies have indicated that individuals who place the 
tongue tip forward when they swallow usually do not have more 
tongue force against the teeth than those who keep the tongue 
tip back; in fact, tongue pressure may be lower.  36   Th e term  tongue 
thrust  is therefore something of a misnomer because it implies 
that the tongue is forcefully thrust forward. Swallowing is not a 
learned behavior but is integrated and controlled physiologically at 
subconscious levels, so whatever the pattern of swallow, it cannot 
be considered a habit in the usual sense. It is true, however, that 
individuals with an anterior open bite malocclusion place the tongue 
between the anterior teeth when they swallow, whereas those who 
have a normal incisor relationship usually do not, and it is tempting 
to blame the open bite on this pattern of tongue activity. 

 As discussed in detail in  Chapter 2 , the mature or adult swallow 
pattern appears in some normal children as early as age 3 but is 
not present in the majority until about age 6 and is never achieved 
in 10% to 15% of a typical population. Tongue thrust swallowing 
in older patients superfi cially resembles the infantile swallow 
(described in  Chapter 3 ), and sometimes children or adults who 
place the tongue between the anterior teeth are spoken of as having 
a retained infantile swallow. Th is is clearly incorrect. Only brain-
damaged children retain a truly infantile swallow in which the 
posterior part of the tongue has little or no role. 

 Because coordinated movements of the posterior tongue and 
elevation of the mandible tend to develop before protrusion of 
the tongue tip between the incisor teeth disappears, what is called 
“tongue thrusting” in young children is often a normal transitional 
stage in swallowing. During the transition from an infantile to a 
mature swallow, a child can be expected to pass through a stage 
in which the swallow is characterized by muscular activity to bring 
the lips together, separation of the posterior teeth, and forward 
protrusion of the tongue between the teeth. Th is is also a description 
of the classic tongue thrust swallow. A delay in the normal swallow 
transition can be expected when a child has a sucking habit. 

 When there is an anterior open bite and/or upper incisor protru-
sion, as often occurs from sucking habits, it is more diffi  cult to 
seal off  the front of the mouth during swallowing to prevent food 
or liquids from escaping. Bringing the lips together and placing 
the tongue between the separated anterior teeth is a successful 
maneuver to close off  the front of the mouth and form an anterior 
seal. In other words, a tongue thrust swallow is a useful physiologic 
adaptation if you have an open bite, which is why an individual 
with an open bite usually also has a tongue thrust swallow, but 
protruding the tongue between the anterior teeth during swallowing 
is often present in children with good anterior occlusion. After a 
sucking habit stops, the anterior open bite tends to close spontane-
ously, but the position of the tongue between the anterior teeth 
persists for a while as the open bite closes. Until the open bite 
disappears, an anterior seal by the tongue tip remains necessary. 

 Th e modern viewpoint is, in short, that tongue thrust swallowing 
is seen primarily in two circumstances: in younger children with 
reasonably normal occlusion, in whom it represents only a tran-
sitional stage in normal physiologic maturation; and in individuals 
of any age with displaced incisors, in whom it is an adaptation to 
the space between the teeth. Th e presence of a large overjet (often) 
and anterior open bite (nearly always) conditions a child or adult 
to place the tongue between the anterior teeth. A tongue thrust 
swallow therefore is more likely to be the result of displaced incisors, 

apply fi nger pressure against it to move it to its proper position. 
From our present understanding of equilibrium, we would expect 
that this might work but only if the child kept fi nger pressure 
against the tooth for 6 hours or more per day. 

 Th is concept also makes it easier to understand how playing a 
musical instrument might relate to the development of a maloc-
clusion. In the past, many clinicians have suspected that playing 
a wind instrument could aff ect the position of the anterior teeth, 
and some have prescribed musical instruments as part of orthodontic 
therapy. Playing a clarinet, for instance, might lead to increased 
overjet because of the way the reeds are placed between the incisors, 
and this instrument could be considered both a potential cause 
of a Class II malocclusion and a therapeutic device for treatment 
of Class III malocclusion. String instruments such as the violin 
and viola require a specifi c head and jaw posture that aff ects tongue 
versus lip and cheek pressures and could produce asymmetries in 
arch form. Although the expected types of displacement of teeth 
are seen in professional musicians,  34,35   even in this group the eff ects 
are not dramatic, and little or no eff ect is observed in most children. 
It seems quite likely that the duration of tongue and lip pressures 
associated with playing the instrument is too short to make any 
diff erence, except for the most devoted musician. 

 Can habits aff ect development of the jaws? In Edward Angle ’ s 
era, a “sleeping habit” in which the weight of the head rested on 
the chin once was thought to be a major cause of Class II maloc-
clusion. Facial asymmetries have been attributed to always sleeping 
on one side of the face or even to “leaning habits,” as when an 
inattentive child leans the side of his or her face against one hand 
to doze without falling out of the classroom chair. It is not nearly 
as easy to distort the facial skeleton as these views imply. Sucking 
habits often exceed the time threshold necessary to produce an 
eff ect on the teeth, but even prolonged sucking has little impact 
on the underlying form of the jaws. On close analysis, most other 
habits have such a short duration that dental eff ects, much less 
skeletal eff ects, are unlikely.  

  Tongue Thrusting 
 Much attention has been paid at various times to the tongue and 
tongue habits as possible etiologic factors in malocclusion. Th e 
possible deleterious eff ects of “tongue thrust swallowing” ( Fig. 
5.37   ), defi ned as placement of the tongue tip forward between 

   •  Fig. 5.37      The typical appearance of a “tongue thrust swallow” with the 
lip pulled back. Note the tongue tip between the incisors protruding 
forward toward contact with the elevated lower lip.        15- در تصویر مقابل، مولر اول دایمی راست ماگزیلا دچار 20 درجه چرخش مزیوپالاتالی و 3 میلی‌متر تیپ

مزیالی شده است. Space Regainer و فضانگهدار مناسب بعدازآن چیست؟

الف( دستگاه متحرک با کلسپهای آدامز روی مولرهای اول دایمی و مولرهای 
اول شیری و دیستاله نمودن مولر با نیروی پیچ – بند و لوپ

ب( دستگاه متحرک با کلاسپهای آدامز روی مولر اول دایمی سمت چپ و 
مولرهای اول شیری و دیستاله نمودن مولر راست با فنر – بند و لوپ

ج( اصلاح چرخش مولر با ترانس پالاتال بار و سپس هدگیر سرویکال که طول 
کمان خارجی راست آن بلندتر است – ترانس پالاتال آرچ

د( اصلاح چرخش مولر با ترانس پالاتال بار و سپس هدگیر سرویکال متقارن 
– ترانس پالاتال آرچ
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     •  Fig. 6.7      Enamel defects of several types can be present on permanent teeth at multiple locations. 
Differentiating between those with local versus systemic causes can be accomplished by noting whether 
teeth forming during the same time are affected and the extent of the involvement. (A) This patient most 
likely has a form of fl uorosis given the extent of the involvement and the history. This is distinguished from 
typical white spot lesions because the involvement is largely incisal and not primarily gingival or outlining 
previous bracket locations. (B) The maxillary left central incisor has a local hypoplastic incisal defect with 
discoloration and some defective morphology. If this is the only hypoplastic defect, then it is most likely 
the result of either trauma to the primary tooth that displaced it into the developing permanent tooth bud, 
or pulpal degeneration of one or more primary teeth that affected developing permanent teeth. Note also 
the narrow maxillary lateral incisors. (C) The same patient shown in (B) also has a defect on the permanent 
maxillary right fi rst molar. This leads to the conclusion the patient has molar incisor hypoplasia. Although 
the lesions are not severe, they should be monitored for breakdown of the enamel and the need for 
restoration.           

 Speech Sound  Problem  Related Malocclusion 

/s/, /z/ (sibilants) Lisp Anterior open bite, large 
gap between incisors

/t/, /d/ (linguoalveolar 
stops)

Diffi culty in 
production

Irregular incisors, 
especially lingual 
position of maxillary 
incisors

/f/, /v/ (labiodental 
fricatives)

Distortion Skeletal Class III

th, sh, ch (linguodental 
fricatives [voiced or 
voiceless])

Distortion Anterior open bite

   Speech Diffi  culties Related to Malocclusion  
 TABLE 

 6.1    
established by polysomnography in a sleep laboratory before 
treatment in the orthodontic offi  ce begins  4   (see further discussion 
in  Chapter 7 ). 

 Jaw function is more than TMJ function, but evaluation of the 
TMJs is an important aspect of the diagnostic workup. A form for 
recording routine clinical examination of TMJ function is shown in 
 Box 6.1   . As a general guideline, if the mandible moves normally, its 
function is not severely impaired, and by the same token, restricted 
movement usually indicates a functional problem.  5   For that reason, 
the most important indicators of joint function are the amount 
of maximum opening and the ability of the mandible to translate 
beyond the hinge movement. Palpating the muscles of mastication 
and TMJs should be a routine part of any dental examination, 
and it is important to note any signs of TMJ problems such as 
joint pain, noise, limitation of opening, or deviation on opening. 

 Because the articular eminence is not well developed in children, 
it can be quite diffi  cult to fi nd the sort of positive “centric relation” 
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16- برای بیمار 10 ساله‌ای به علت انکیلوز مولر دوم شیری فک پایین و فقدان مادرزادی پرمولر دوم دایمی، 
روش  به  نسبت  درمانی  تکنیک  این  مزیت  است.  دوم شیری شده  مولر  دندان  پالپ  و  تاج  به حذف  اقدام 

کشیدن دندان شیری چیست؟
الف( اندازه ایمپلنت را در آینده کوچک‌تر می‌نماید و ریچ استخوانی به‌صورت محدود آسیب می‌بیند.
ب( چنانچه تاج 2 میلی‌متر زیر استخوان برداشته شود دیفکت ورتیکالی استخوان به حداقل می‌رسد.

ج( در شرایط رتروژن انسیزورهای مندیبل مناسب می‌باشد.
د( حذف دیفکت ورتیکالی پریودنتال و عدم نیاز به گرافت استخوان در آینده

17- محدودیت‌های اصلی Dis‌traction Os‌teogenesis در درمان تنگی عرض مندیبل کدام است؟
الف( گسترش بیشتر در ناحیه قدامی نسبت به ناحیه خلفی – چرخش کندیل‌ها
ب( گسترش بیشتر در ناحیه خلفی نسبت به ناحیه قدامی – چرخش کندیل‌ها

ج( گسترش بیشتر در ناحیه قدامی نسبت به ناحیه خلفی – حرکت لترالی کندیل‌ها
د( گسترش بیشتر در ناحیه خلفی نسبت به ناحیه قدامی – حرکت لترالی کندیل‌ها

18- در بیمار با ارتفاع افزایش‌یافته صورت، کدام هدگیر انتخاب می‌شود و در این هدگیر چنانچه طول بازوی 
خارجی افزایش یابد، باید به کدام سمت زاویه داده شود؟

ب( Highpull - پایین 			  الف( Highpull - بالا
د( Lowpull - پایین 				   ج( Lowpull - بالا

19- پس از درمان اپن بایت قدامی در بیماری که سابقه قرار دادن جسم خارجی یا زبان در بین دندان‌های 
قدامی ندارد. ریلپس اپن ناشی از چیست؟

الف( اکستروژن مولرهای بالا بدون اینتروژن انسیزورها
ب( اکستروژن مولرهای پایین بدون اینتروژن انسیزورها
ج( اکستروژن مولرهای بالا به همراه اینتروژن انسیزورها

د( اکستروژن مولرهای پایین به همراه اینتروژن انسیزورها

20- در انجام پالاتال اکسپنشن آهسته با انکوریج دندانی، چنانچه 8 میلی‌متر اکسپنشن انجام شود، عرض 
سوچور پس از چند هفته به حالت نرمال خواهد رسید؟

د( 10 			  ج( 8 			  ب( 4 			  الف( 2
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پاسخنامه ارتودانتکیس

1- گزینه ج/ جلد 1 درسنامه ارتودنسی آوید – ص 11
مطابق شکل زیر یافته هایی قابل استنتاج است:

1( در گروه 8 تا 11 ساله کمی بیشتر از 50 درصد ثنایاهای منظم دارند.
2( در گـروه 12 تـا 17 سـال رفتـه رفتـه از نظـم ثنایایی کاسـته می شـود و در بزرگسـال فقط حدود یک سـوم افراد 

نظـم ثنایایی ایـده آل دارند.
3( در بزرگسـالان نظـم فـک بـالا ثابـت مانـده ولـی فـک پایین همچنـان بی نظم تـر می شـود )15 درصـد بی نظمی 

SECTION I 6 شـدید یـا خیلی شـدید دارند( The Orthodontic Problem

 Overjet or reverse overjet indicates anteroposterior deviations 
in the Class II or Class III direction, respectively, with Class III 
being much less prevalent ( Fig. 1.12   ). Normal overjet is 2 mm. 
Overjet of 5 mm or more, suggesting Angle ’ s Class II malocclusion, 
occurs in 23% of children, 15% of youths, and 13% of adults. 
Th is refl ects the greater postnatal growth of the mandible than the 
maxilla, which is discussed in  Chapter 2 . Severe Class II problems 
are less prevalent and severe Class III problems are more prevalent 
in the Mexican-American than the white or black groups. 

 Vertical deviations from the ideal overbite of 0 to 2 mm are 
less frequent in adults than children but occur in half the adult 
population, with excessive overbite occurring much more frequently 

6% of youths and adults still have a noticeable diastema that 
compromises the appearance of the smile. Blacks are more than 
twice as likely to have a midline diastema as whites or Mexican-
Americans ( P   <  .001). 

 Occlusal relationships must be considered in all three planes 
of space. Lingual posterior crossbite (i.e., upper teeth lingual to 
lower teeth; see  Fig. 1.6 ) is the major deviation from the normal 
transverse dental relationship and refl ects deviations from ideal 
occlusion in the transverse plane of space. According to the 
NHANES III data,  7   it occurs in 9% of the U.S. population, ranging 
from 7.6% of Mexican-Americans to 9.1% of whites and 9.6% 
of blacks. 

Overbite

Open bite

   •  Fig. 1.8      Overbite is defi ned as the vertical overlap of the incisors. Nor-
mally, the lower incisal edges contact the lingual surface of the upper 
incisors at or above the cingulum (i.e., normally there is a 1- to 2-mm 
overbite). In open bite, there is no vertical overlap, and the vertical separa-
tion of the incisors is measured to quantify its severity.       

0

10

20

30

40

50

60

P
er

ce
nt

 o
f p

op
ul

at
io

n

8-11 12-17

Age group

18-50

Open bite

Excess overjet

Severe crowding

Mandibular arch

Ideal alignment

   •  Fig. 1.9      Changes in the prevalence of types of malocclusion from child-
hood to adult life, United States, 1989 to 1994. Note the increase in incisor 
irregularity and decrease in severe overjet as children mature, both of 
which are related to more mandibular than maxillary growth.       
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   •  Fig. 1.10      Incisor irregularity in the U.S. population, 1989 to 1994. One-
third of the population have at least moderately irregular (usually crowded) 
incisors, and nearly 15% have severe or extreme irregularity. Note that 
irregularity in the lower arch is more prevalent at any degree of severity.       

Overjet

   •  Fig. 1.7      Overjet is defi ned as horizontal overlap of the incisors. Normally 
the incisors are in contact, with the upper incisors ahead of the lower by 
only the thickness of their incisal edges (i.e., overjet of 2 to 3 mm is the 
normal relationship). If the lower incisors are in front of the upper incisors, 
the condition is called  reverse overjet  or  anterior crossbite.        

2- گزینه الف/ جلد1 درسنامه ارتودنسى آوید - ص
جدول بسیار مهم و سؤال خیز

 CHAPTER 2 Concepts of Growth and Development  45 

A B

   •  Fig. 2.42      Oblique (A) and profi le (B) views of a girl in whom a severe infection of the mastoid air cells 
involved the temporomandibular joint and led to ankylosis of the mandible. The resulting restriction of 
mandibular growth is apparent.       

the bony segments. Current research shows that the best results 
are obtained if tension across the bone injury site starts after a 
few days of initial healing and callus formation, not immediately, 
and if the segments are separated at a rate of 0.5 to 1.5 mm per 
day. Surprisingly, large amounts of new bone can form at the 
surgical site, lengthening the arm or leg by several centimeters in 
some cases. Distraction osteogenesis now is widely used to correct 
limb deformities, especially after injury but also in patients with 
congenital problems. 

 Th e bone of the mandible is quite similar in its internal structure 
to the bone of the limbs, even though its developmental course 
is rather different. Lengthening the mandible via distraction 
osteogenesis clearly is possible ( Fig. 2.44   ), and major changes in 
mandibular length (a centimeter or more) are managed best in 

this way. Precise positioning of the jaw is not possible, however, 
so conventional orthognathic surgery remains the preferred way 
to treat mandibular defi ciency. In a sense, inducing maxillary growth 
by separating cranial and facial bones at their sutures is a distraction 
method. Manipulating maxillary growth by infl uencing growth at 
the sutures has been a major part of orthodontic treatment for 
many years, and this can be done at later ages with surgical assistance 
as a distraction osteogenesis procedure. Th e current status of distrac-
tion osteogenesis as a method to correct defi cient growth in the 
face and jaws is reviewed in some detail in  Chapter 20 . 

 In summary, it appears that growth of the cranium occurs 
almost entirely in response to growth of the brain ( Table 2.1   ). 
Growth of the cranial base is primarily the result of endochondral 
growth and bony replacement at the synchondroses, which have 

 Growth  Cranial Vault  Cranial Base  Maxilla  Mandible 

Sites Sutures (major) 
 Surfaces (minor)

Synchondroses 
 Sutures (laterally)

Sutures 
 Surfaces: apposition 

remodeling

Condyle 
 Ramus 
 Other surfaces

Centers None Synchondroses None None

Type (mode) Mesenchymal Endochondral 
 Mesenchymal (lateral only)

Mesenchymal Endochondral (condyle only) 
 Mesenchymal

Mechanism Pressure to separate 
sutures

Interstitial growth at 
synchondroses

Cartilage push (cranial base) 
 Soft tissue pull 
 Cartilage pull? (nasal septum)

Soft tissue pull 
(neurotrophic?)

Determinant Intracranial pressure 
(brain growth)

Genetic (at synchondroses) 
 Cartilage pull (at lateral sutures)

Soft tissue pull (neurotrophic?) Soft tissue pull 
(neurotrophic?)

   Growth of Craniofacial Units  
 TABLE 

 2.1    

توجه کنید که رشد 4 منظر محل/مرکز رشد، نوع رشد، مکانیسم رشد و دترمینان یا شاخص رشد بررسی می‌شود.



سوالات سي و هشتمین دوره پذیرش دستیاری دندانپزشکی 10

هیـچ درزی Determinant یـا شـاخص رشـد نیسـت. نقـض غضـروف در ماگزیال در این جـدول بعنوان مکانیسـم 
رشـد آمـده، نـه دترمینان و شـاخص رشـد، دترمینان رشـد در درزهای کنـاری قاعده جمجمه، کشـش غضروفی اسـت.

3- گزینه ج/ جلد 1 درسنامه ارتودنسى آوید – ص 62
 68 SECTION I The Orthodontic Problem

CS1 CS2 CS3 CS4 CS5

C2
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C4

Peak of Mandibular Growth

2 years
1 year

<1 year
<1-2 years

>1 year
>2 years

CS6A

B

D

F

E

C

   •  Fig. 3.12      Vertebral ages calculated from the image of the cervical vertebrae seen in a lateral cephalo-
metric radiograph. (A) Diagrammatic drawings and relationships of the stages to the peak of mandibular 
growth. (B) Stage 2, indicating that peak growth at adolescence is still a year or so ahead. (C) Stage 3, 
which on average occurs less than 1 year prior to peak growth. (D) Stage 4, typically a year or so beyond 
peak growth. (E) Stage 5, more than 1 year beyond the peak of the growth spurt, probably with more 
vertical than anteroposterior growth remaining. (F) Stage 6, more than 2 years beyond peak growth (but 
a patient with a severe skeletal problem, especially excessive mandibular growth, is not necessarily ready 
for surgery; the best way to determine the cessation of growth is serial cephalometric radiographs). 
([A] from Baccetti T, Franchi L, McNamara JA Jr.  Semin Orthod . 2005;11:119–129.)       

4- گزینه د/ جلد 1 درسنامه ارتودنسى آوید – ص 43 و 44
مادلینـگ و ریمادلینـگ الزامـاً خـلاف جهـت انتقـال نیسـتند و بسـته بـه محـل ایـن دو )مادلینگ/ریمادلینـگ و 
جابجایـی( می تواننـد مخالـف یـا موافـق باشـند. مثـلًا در سـقف دهان هـم جهت هسـتند. سـقف دهان همـراه کل فک 
بـالا بـه جلـو و پاییـن منتقـل می شـود و همزمـان اسـتخوان از کف بینی برداشـته شـده و به سـقف هم جهت هسـتند. 
سـقف دهـان همـراه کل فـک بـالا بـه جلو و پاییـن منتقـل می شـود و همزمان اسـتخوان از کف بینی برداشـته شـده و 

بـه سـقف دهـان افـزوده می شـود و در واقـع بـه جابجایی و رشـد ایـن ناحیـه افزوده می شـود.
در قدام ماگزیلا: خلاف جهت هم

در سقف دهان: هم جهت هم

 36 SECTION I The Orthodontic Problem

by endochondral replacement at the condyle accompanied by surface 
modeling. Conceptually, it is correct to view the mandible as being 
translated downward and forward, while at the same time increasing 
in size by growing upward and backward. Th e translation occurs 
largely as the bone moves downward and forward along with the 
soft tissues in which it is embedded. 

 Nowhere is there a better example of modeling resorption than 
the backward movement of the ramus of the mandible. Th e mandible 
grows longer by apposition of new bone on the posterior surface 
of the ramus. At the same time, large quantities of bone are removed 
from the anterior surface of the ramus ( Fig. 2.32   ). In essence, the 
body of the mandible grows longer as the ramus moves away from 
the chin, and this occurs by removal of bone from the anterior 
surface of the ramus and deposition of bone on the posterior 
surface. On fi rst examination, one might expect a growth center 
somewhere underneath the teeth, so that the chin could grow 
forward away from the ramus. But a growth center in that area is 
not possible, because there is no cartilage and interstitial bone 
growth cannot occur. Instead, what was the posterior surface at 
one time becomes the center at a later date and eventually may 
become the anterior surface as modeling proceeds. 

 In infancy the ramus is located at about the spot where the 
primary fi rst molar will erupt. Progressive posterior modeling and 
remodeling create space for the second primary molar and then 
for the sequential eruption of the permanent molar teeth. More 
often than not, however, this growth ceases before enough space 
has been created for eruption of the third permanent molar, which 
becomes impacted in the ramus. 

 Further aspects of the growth of the jaws, especially in relation 
to the timing of orthodontic treatment, are discussed in  Chapter 4 .  

  Facial Soft Tissues 
 An important concept is that the growth of the facial soft tissues 
does not perfectly parallel the growth of the underlying hard tissues. 
Let us consider the growth of the lips and nose in more detail. 

  Growth of the Lips 
 Th e lips trail behind the growth of the jaws before adolescence, 
then undergo a growth spurt to catch up. Because lip height is 
relatively short during the mixed dentition years, lip separation at 
rest (often termed  lip incompetence ) is maximal during childhood 

 Th e overall pattern of growth of the mandible can be represented 
in two ways, as shown in  Fig. 2.31   . Depending on the frame of 
reference, both are correct. If the cranium is the reference area, 
the chin moves downward and forward. On the other hand, if 
data from vital staining experiments are examined, it becomes 
apparent that the principal sites of growth of the mandible are the 
posterior surface of the ramus and the condylar and coronoid 
processes. Th ere is little change along the anterior part of the 
mandible. From this frame of reference,  Fig. 2.31B , is the correct 
representation. 

 As a growth site, the chin is almost inactive. It is translated 
downward and forward, as the actual growth occurs at the man-
dibular condyle and along the posterior surface of the ramus. Th e 
body of the mandible grows longer by periosteal apposition of 
bone only on its posterior surface, while the ramus grows higher 

A B
   •  Fig. 2.31      (A) Growth of the mandible, as viewed from the perspective of a stable cranial base. The 
chin moves downward and forward. (B) Mandibular growth, as viewed from the perspective of vital stain-
ing studies, which reveal minimal changes in the body and chin area, while there is exceptional growth 
and modeling of the ramus, moving it posteriorly. The correct concept is that the mandible is translated 
downward and forward and grows upward and backward in response to this translation, maintaining its 
contact with the skull.       

   •  Fig. 2.30      Modeling of the palatal vault (which is also the fl oor of the 
nose) moves it in the same direction as it is being translated; bone is 
removed from the fl oor of the nose and added to the roof of the mouth. 
On the anterior surface, however, bone is removed, partially canceling the 
forward translation. As the vault moves downward, the same process of 
bone remodeling also widens it.      (Redrawn from Enlow DH, Hans MB. 
 Essentials of Facial Growth . Philadelphia: WB Saunders; 1996.)   
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بـه جهـت فلش هـا دقـت کنیـد. در قـدام ماگزیـلا فلش هـا نشـان دهنده مدلینـگ بـه سـمت پاییـن )هم جهـت 
جابه جایـی ماگزیـلا( هسـتند. بـا حرکت سـقف دهـان به سـمت پایین، وقـوع ریمادلینگ اسـتخوانی همچنیـن منجر به 

افزایـش عـرض آن خواهد شـد.

5- گزینه الف/ جلد 1 درسنامه ارتودنسى آوید - ص 95 و 103
تفـاوت دفورمیتـی با مالفورماسـیون: مطابـق تعریفِ دیـس مورفولوژیسـت‌ها، دفورمیتـی یعنی وقتی یـک بافت در 
ابتـدا بـه صـورت نرمال شـکل می‌گیـرد ولی در ادامـه‌ی روند تکامـل دچار اختالل می‌شـود. در حالیکه مالفورماسـیون 
یعنـی بافـت از ابتـدا ایـراد داشـته و بـه صورت نرمـال فرم نگرفته اسـت. برای مثـال ناقرینگی ناشـی از ترومـا به کندیل 
یـک دفورمیتـی اسـت و یـا مـال اکلوژن‌هـای همـراه بـا سـندرم‌های ژنتیکـی، جـز در مـوارد مالفورماسـیون به حسـاب 

می‌آینـد.
گاهـی اوقـات در اثـر کاهـش حجـم مایـع آمنیوتیـک سـر جنیـن بـا قفسـه سـینه برخورد کـرده و از رشـد فـک پایین 
ممانعـت بـه عمـل می‌آیـد. بـا کوچـک مانـدن فـک پاییـن، به زبـان فشـار وارد شـده و به سـمت بـالا مـی‌رود و مانع از 
اتصـال طاقچه‌هـای کامـی می‌شـود در نتیجـه این بیمـاران شـکاف کام دارند. به این کوچکی شـدید فـک پایین اختلال 
تکاملـی یـا زنجیـره‌ی پیررابیـن )Pierre Robin Sequence( می‌گوینـد. ایـن وضعیـت سـندرم نیسـت؛ زیـرا سـندرم 
علـت مشـخص دارد. ایـن افـراد حجـم کم دهان هنـگام تولـد دارنـد و نمی‌توانند خوب نفس بکشـند در نتیجـه آن‌ها را 
تراکئوسـتومی می‌کننـد. اخیـراً بـا انجام دیسترکشـن اسـتیوژنزیز فـک پاییـن را جلـو آورده و راه هوایی را بـاز می‌کنند 

و در نتیجـه می‌تـوان محل تراکئوسـتومی را بسـت. 

6- گزینه الف/ جلد 1 درسنامه ارتودنسى آوید – ص 129
کـراس بایـت ظاهـری یک طرفـه همـراه با شـیفت فک پایین بـه دلیل تنگـی دوطرفه فک بـالا رخ می دهد و شـایع ترین 
علـت ناقرینگـی ظاهـری و نـه حقیقـی صورت اسـت و درمانـی متفاوت از کـراس واقعی یک طرفـه دارد. بـه همین دلیل 

تشـخیص شیفت بسـیار مهم است.

7- گزینه ج/ جلد 2 درسنامه ارتودنسى آوید – ص 142
)البته مطابق ص 125 درسنامه جلد دوم گزینه د هم م‌ىتواند درست باشد(

درمان دیاستم بالای 2 میلی‌متر
در ایـن شـرایط حضـور دنـدان اضافـی یـا ضایعـات اسـتخوانی در خـط وسـط را بررسـی می‌کنیـم. از رادیوگرافی‌هـای 

پانورامیـک، اکلـوزال فـک بـالا و CBCT بـا فیلـد کوچـک بـرای ایـن منظـور اسـتفاده می‌کنیم.
از علل دیگر دیاستم بالای 2 میلی متر می توان به مکیدن انگشت یا غیبت لترال دائمی اشاره کرد.

ج( دندان نیش فک بالا
در سـن 10 سـالگی اگـر Bugle آن قابـل لمـس نبـوده و کانیـن شـیری لـق نباشـد احتمال نهفتگـی دارد. شـیوع 1 تا 

درصد.  2
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پیامدهای رویش نابجای کانین:
1( تحلیل ریشه ثنایاهای بالا )هم سانترال هم لترال(

2( نهفتگی دندان کانین
ممکـن اسـت ژنتیکـی و همـراه بـا لتـرال کوچـک یـا غایب یـا پره‌مولـر دوم غایـب باشـد. ابتدا یـک پانورامیـک تهیه 
 CBCT می‌شـود تـا تابلـوی کلـی دهانـی و احیاناً میخی بـودن لترالها و غیبت پره‌مولرهای دوم بررسـی شـود. سـپس یک
بـا FOV کوچـک تهیـه می‌شـود و اگـر درمـان جامـع لازم بود می‌تـوان یک لتـرال سـفالومتری هم گرفـت. جمع همهی 
اینهـا بـا هـم )پانورامیـک + سـفالومتری + CBCT با فیلد کوچک( از یـک CBCT با فیلد بزرگ اشـعه کمتری می‌خواهد.

8- گزینه د/ جلد 2 درسنامه ارتودنسى آوید – ص 12
)مطابـق ص12 درسـنامه جلـد دوم در شـرایط کمبـود فضـاى زیـر 4 میلىمتـر فقـط در صـورت بیرونزدگـى دندانهـا یا 
مشـکل عمـودى شـدن ext می‌کنیـم. پـس باید گزینـه‌اى را بزنیـم که متعاقـب کاهـش آن، دندانها بیرون زده باشـد یا 
صـورت بلنـد باشـد. بـا کاهـش الـف و ب شـیب دندانهـا کم مىشـود. پـس ext نباید کـرد. با کاهـش ج ارتفـاع صورت 
کـم می‌شـود پـس ext نبایـد کـرد. بـا کاهـش د یعنى ثنایاهـا بیرون زده شـده‌اند. پس شـیب بیـن آنها کم مى شـود و 

مىتـوان ext کـرد. طبـق ص 160جلد یک درسـنامه(

دستورالعملهای کشیدن دندان
الف( اختلاف فضای >4 میلیمتر: کشیدن تجویز نمی‌شود )مگر مشکل عمودی شدید یا بیرون‌زدگی دندانها(

در بعضی موارد می‌توان با s trip کردن هماهنگ دندانهای بالا و پایین، بدون exp این کراودینگ را برطرف کرد.

در آنالیـز اسـتاینر از رابطـه ثنایاهـای بالا بـا خط NA جهت تعییـن موقعیت سیسـتم دندانی ماگزیلا نسـبت به ماگزیلا 
اسـتفاده می‌شـود. هـم زاویـه ثنایـا و هـم فاصلـه میلیمتری لبـه آن تا خـط NA اندازهگیری می‌شـود. موقعیـت ثنایای 
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پاییـن نسـبت بـه فـک پاییـن نیـز به طور مشـابه نسـبت بـه NB انجـام می‌شـود. به عالوه بیرون‌زدگـی چانـه از روی 
فاصلـه پوگونیـون )بیرون‌زده‌تریـن نقطـه چانـه اسـتخوانی( تـا خـط NB تعییـن می‌شـود. به یاد داشـته باشـید که این 
فاصله‌هـا و زاویه‌هـا می‌توانـد تحـت تأثیـر جلـو بـودن و یـا عقب بـودن ماگزیلا و مندیبل نسـبت بـه نازیون قـرار گیرند.

طبق جدول کتاب مقادیر زیر به عنوان نرمال عنوان شده است: )در مورد آنالیز استالیز(
32 ° Sn – GoGn:22°4 و mm : upeer NA1 - 	82° :SNA

2 :ANB 		 - mm : lower NB1 4 و 25 	80 °:SNB

- IMPA 93° )زاویه محور طولی ثنایاهای پایین با پلن مندیبل(
upeer 1 to lower 1 )زاویه بین انسیزالی( - 131
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مشکلات سیستمیک
وقتـی ایـن بیمـاران تحـت درمـان ارتودنسـی می باشـند در معـرض خطر بیشـترند ولـی اگر تحـت کنترل باشـند جای 

نگرانی نیسـت.
شایع ترین مشکل سیستمیک در کودکان یا بالغین دیابت یا حالت قبل دیابت که:

اگر تحت کنترل باشد، PDL به خوبی به نیروهای ارتودنسی پاسخ می‌دهد.
اگـر تحـت کنتـرل نباشـد، تخریـب بیشـتر PDL را خواهیـم داشـت. در این بیمـاران در صورت امـکان بایـد از اقدام به 

درمانهـای جامع ارتودنسـی دوری کرد.
رماتیسـم مفصلی کودکان موجب کوچکی شـدید اسـتخوان مندیبل شـده و آرتریت رماتیسـمی در بالغین زایده کندیل را 
تخریـب و شـکل آن را عـوض می‌کنـد. بـا تزریـق اسـتروئید به مفصل TMJ بـرای درمان رماتیسـم مفصلی کودکان رشـد 
فـک کاهـش می‌یابـد. همچنیـن تجویز طولانی اسـتورئید در بیماران پریو، ممکن اسـت طی ارتودنسـی وضـع را بدتر کند. 
کـودک تحـت درمان با اسـتروئید ممکن اسـت بیسفوسـفونات هم مصـرف کنند که حرکـت دندانـی را غیرممکن می‌کند.

درمان ارتودنسی طولانی در بیماران مبتلا به هر نوع آرتریت روماتوئید، کنترااندیکه می باشد.
کودکانـی بـا مشـکلات پیچیده مثل فیبروز کیسـتیک، تومـور بدخیم، سـابقه رادیوتراپی، مصرف اسـتروئید طولانی مدت 
و آنهایـی کـه پیـش آگهـی طولانی مـدت در آنها ضعیف اسـت امـکان درمان ارتودنسـی جامـع را دارند ولـی باید کوتاه 

و محـدود به موارد ضروری باشـد.
تنوعات هورمونی در دوران بارداری ممکن است هایپرپلازی لثه بدهد.

بـه دلیـل تغییـر و تبدیـل اسـتخوانها حیـن حاملگـی و شـیر دادن، ارتودنتیسـت بایـد مراقب تحلیل ریشـه و اسـتخوان 
آلوئـول حیـن بـارداری باشـد. تجویـز رادیوگرافـی در حاملگـی مجاز نمی باشـد.

اگر بیمار حین درمان ارتودنسی حامله شده عاقلانه است تا پایان سه‌ماهه دوم میزان حرکت دندانها به حداقل برسد.
نکته: رماتیسم مفصلی و تخریب کندیل ناشی از آن فک را به طرف پایین و عقب میچرخاند.
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اگر یکی از کانینهای شیری از دست برود:

قبـلًا می گفتنـد در ایـن شـرایط بایـد کانین شـیری مقابل را هم بکشـیم. لینگـوال آرچ بگذاریم تا میدلاین شـیفت نکند 
و ثنایاهـا لینگوالـه نشـوند. ولـی امـروزه مشـخص شـده کـه شـیفت میدلاین با از دسـت رفتن یـک کانین شـیری بیش 
از یکسـال قبـل از دسـت رفتـن کانیـن شـیری سـمت مقابـل نتیجه معمولی نیسـت و شـیوع شـیفت میدلایـن دندانی 

مندیبـل تفاوتـی بـا بیمـاران بـا رویش نرمـال ندارد. پس درمان درسـت چیسـت؟
می تـوان از لینگـوال آرچ غیرفعـال بـرای جلوگیری از تیپینگ لینگوالی ثنایاها اسـتفاده کرد ولـی نیازی به تمهیدات 
درمانـی در مـورد میدلایـن نیسـت و می تـوان آن را عقـب انداخت. تا کـی؟ تا زمان رویـش کانینهای دائمـی )فصل 12(
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recently been shown not to be the usual result of the loss of one 
primary canine more than a year before the loss of the contralateral 
primary canine. Using data from the Iowa and Burlington growth 
studies, Christensen et al  17   showed that the prevalence of a clinically 
signifi cant midline shift after premature loss of one primary canine 
was not statiscally or clinically greater than what was seen in patients 
with normal eruption (1.3 and 1.0 mm, respectively). 

 With this in mind, the clinician faced with early loss of one 
mandibular primary canine now can choose among several 
approaches. A passive lingual arch to prevent lingual tipping only 
could still be used, but the new data suggest that it is not necessary 
to hold the midline or extract the contralateral tooth. An early 
phase of 2  ×  4 or 2  ×  6 treatment to correct minor midline changes 
also could be deferred.  

  Maxillary First Molars 
 Ectopic eruption of a permanent fi rst molar presents an interesting 
problem that is usually diagnosed from routine bitewing radiographs 
rather than clinically because it is painless. When only small amounts 
of resorption ( < 1 to 1.5 mm) are observed ( Fig. 11.36   ), a period 
of watchful waiting is indicated because self-correction is possible 
and occurs in about two-thirds of the cases. If the blockage of 

   •  Fig. 11.35      This patient lost one primary canine when the lower incisors 
erupted and had a shift of the midline to the right. Shifts of this magnitude 
are, on average, rare.       

A B

   •  Fig. 11.36      Ectopic eruption of the permanent fi rst molar is usually diagnosed from routine bitewing 
radiographs. If the resorption is limited, immediate treatment is not required. (A) The distal root of the 
primary maxillary second molar shows minor resorption from ectopic eruption. (B) This radiograph taken 
approximately 18 months later illustrates that the permanent molar was able to erupt without treatment.       

eruption persists for 6 months or if resorption continues to increase, 
treatment is indicated. Lack of timely intervention may cause loss 
of the primary molar and space loss as the permanent molar erupts 
mesially and rotates mesiolingually. 

 Several methods can be helpful when intervention is necessary.  18   
Th e basic approach is to move the ectopically erupting tooth away 
from the primary molar it is resorbing. If a limited amount of 
movement is needed but little or none of the permanent fi rst molar 
is visible clinically, a 22-mil brass wire looped and tightened around 
the contact between the primary second molar and the permanent 
molar is suggested ( Fig. 11.37   ). It may be necessary to anesthetize 
the soft tissue to place the brass wire, and depending on the tooth 
position and depth of the contact between the permanent and 
primary molars, it can be diffi  cult to successfully direct the brass 
wire subgingivally. Th e brass wire should be tightened at each 
adjustment visit, approximately every 2 weeks, so that it will not 
move in relation to the teeth. If the wire is not tightened to the 
point that the patient feels some discomfort, it has not been 
appropriately adjusted. Treatment is slow but reliable when used 
with limited resorption. 

 A steel spring clip separator, available commercially, may work 
if only a small amount of resorption of the primary molar roots 
exists. Th ese clips are diffi  cult to place if the point of contact 
between the permanent and primary molars is much below the 
cementoenamel junction of the primary molar, although some are 
available that have greater vertical distances for just these situations 
( Fig. 11.38   ). Th ey can be activated on a biweekly basis. 

 Elastomeric separators wedged mesial to the fi rst molar also 
can be used to push it distally so it can erupt but are not recom-
mended. Th e current elastomeric separators are large. Th ey are 
well retained for normally positioned teeth, but they require 
substantial force to place them below the contact of an impacted 
molar. Th ey have the potential to become dislodged in an apical 
direction and cause periodontal irritation. If this occurs, the separa-
tors are hard to locate and retrieve, especially if the material is not 
radiopaque. 

 If resorption on the distal roots of the primary second molars is 
severe and more distal movement is required than can be provided 
by the brass wire or metal separators, the situation becomes more 
complicated. If access can be gained to the occlusal surface of 
the molar, a simple fi xed appliance can be fabricated to move the 
molar distally. Th e appliance consists of a band on the primary 
molar (which can be further stabilized with a transpalatal arch)  ایـن بیمـار یـک دنـدان نیـش شـیری خـود را در حین رویـش دندانهای انسـیزور فـک پاییـن از دسـت داد و دچار

شـیفت میدلایـن بـه سـمت راسـت شـد. این میـزان شـیفت، به طـور میانگیـن، نادر می باشـد.

پس:
کانیـن شـیری یـک طرفه از دسـت رفتـه به صـورت زودرس: همون موقـع هیچ درمانـی، زمان رویش دنـدان کانین 

دائمـی درمـان ثابـت با لینگـوال آرچ و فنر فعـال و احتمالاً دیسـک زدن کانین و مولر شـیری
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1< غیرقابل فشرده شدن )incompressible( مایع PDL، ایجاد خمش در استخوان آلوئول و تولید جریان پیزوالکتریک

PDL حرکت دندان در عرض ،PDL مایع )expressed( 1-2 فشرده شدن
3-5 خارج شدن )squeezed out( کامل مایع PDL، فشرده شدن بافتها، ایجاد درد ناگهانی در صورتی که نیرو سنگین باشد.

مهم:
- مقاومـت مایـع بافتـی، امـکان فانکشـن طبیعـی بدون ایجـاد درد را در مـدت زمان اعمـال نیروی 1 ثانیـه یا کمتر 

می کند. فراهـم 
- بـا خـروج مایـع از PDL، خاصیـت تطابق‌پذیـری آن از بیـن مـی‌رود و نیروهـا، هرچنـد سـبک، با مدت زمـان طولانی 

پاسـخ دیگـری را رقـم می‌زننـد: ریمادلینگ اسـتخوان )جلوتر توضیـح میدهیم(
- احساس درد یعنی مایع در PDL فشرده شده است.
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 CHAPTER 9 Mechanical Principles in Orthodontic Force Control  277 

  Range  is defi ned as the distance that the wire will bend elastically 
before permanent deformation occurs. For orthodontics, this 
distance is measured in millimeters (see  Fig. 9.2 ). If the wire is 
defl ected beyond this point, it will not return to its original shape, 
but clinically useful springback will still occur unless the failure 
point is reached. Th is springback is measured along the horizontal 
axis as shown in  Fig. 9.2 . Orthodontic wires often are deformed 
beyond their elastic limit, so springback properties are important 
in determining clinical performance. 

 Th ese three major properties have an important relationship:

  Strength Stiffness Range= ×      

 Two other characteristics of some clinical importance also can 
be illustrated with a stress–strain diagram: resilience and formability 
( Fig. 9.4   ).  Resilience  is the area under the stress–strain curve out 
to the proportional limit. It represents the energy storage capacity 
of the wire, which is a combination of strength and springiness. 
 Formability  is the amount of permanent deformation that a wire 
can withstand before failing. It represents the amount of permanent 
bending the wire will tolerate (while being formed into a clinically 
useful spring, for instance) before it breaks. 

 Th e properties of an ideal wire material for orthodontic purposes 
can be described largely in terms of these criteria: it should possess 
(1) high strength, (2) low stiff ness (in most applications), (3) high 
range, and (4) high formability. In addition, the material should 

BA
    •  Fig. 9.1      Cantilever (A) and supported beams (B).         
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   •  Fig. 9.2      A typical force–defl ection curve for an elastic material like an 
orthodontic archwire. The stiffness of the material is given by the slope of 
the linear portion of the curve. The range is the distance along the x-axis 
to the point at which permanent deformation occurs (usually taken as the 
yield point, at which 0.1% permanent deformation has occurred). Clinically 
useful springback occurs if the wire is defl ected beyond the yield point (as 
to the point indicated here as “arbitrary clinical loading”), but it no longer 
returns to its original shape. At the failure point, the wire breaks.       
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   •  Fig. 9.3      Stress and strain are internal characteristics that can be cal-
culated from measurements of force and defl ection, so the general shapes 
of force–defl ection and stress–strain curves are similar. Three different 
points, as noted here on a stress–strain diagram, can be taken as repre-
senting the strength. The slope of the stress–strain curve  (E)  is the modulus 
of elasticity, to which stiffness and springiness are proportional.       
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   •  Fig. 9.4      Resilience and formability are defi ned as an area under the 
stress–strain curve and a distance along the x-axis, respectively, as shown 
here. Because the plastic deformation that makes a material formable also 
may be thought of as cold work, formability alternatively can be interpreted 
as the area under that part of the stress–strain curve.       
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SECTION III 316 جدول زیر اجزای دستگاه فانکشنال را نشان می دهد و بسیار مهم است. Biomechanics, Mechanics, and Contemporary Orthodontic Appliances

these are the patients most interested in an invisible or minimally 
visible orthodontic appliance. 

 Th e early days of Invisalign treatment were fraught with problems 
because staging of treatment, optimal rates of tooth movement, 
and indications for use of attachments on the teeth had not been 
worked out, and initial professional acceptance of the method was 
spotty. Th e technique has matured, however, as clinical evaluation 
has clarifi ed the best sequence of steps in treatment and the amount 
of tooth movement in steps that should be attempted, and as the 
use of tooth-colored shapes bonded to the teeth has improved the 
appliance ’ s grip on the teeth and ability to move them. It is clear 
now that even complex malocclusions can be successfully treated 
in this way.  3   Now that patents are expiring or are challenged 
successfully, competitive companies are off ering sequenced aligners 
based on modifi cations of the current techniques, and orthodontists 
are beginning to use digital models on their own computers and 
three-dimensional (3-D) printing in their own labs to produce 
clear aligners.  4    

  Invisalign Production Process 
  Steps in Preparing the Aligners.     Diagnostic records for aligner 

treatment are the same photographs, radiographs, and dental casts 
as for any other type of orthodontic treatment. For Invisalign 
sequenced aligners, either an intraoral optical scan (which also 
records the initial occlusion) or siloxane impressions and a bite 
registration (maximum intercuspation) are obtained. Th e scan or 
impressions, photographs, and radiographs are submitted to the 
company along with the doctor ’ s initial instructions. Th e production 
process begins when the intraoral scan or impressions are used to 
create an accurate 3-D digital model of each dental arch ( Fig. 
10.10   ). Th ese records are transferred electronically to a digital 
treatment facility (presently in Costa Rica). 

 At the digital treatment facility, technicians virtually segment 
the individual teeth and clean up obvious artifacts. Th en the dental 
arches are related to each other, gingiva is added, movement is 
staged following the doctor ’ s instructions, and this preliminary 
plan is placed online for the doctor ’ s review as a “ClinCheck.” 
After the doctor is satisfi ed with the planned sequence of aligners, 
the set of digital models for a patient is transferred to a cast produc-
tion facility, where a stereolithographic model for each step is 
fabricated ( Fig. 10.11   ). A clear plastic aligner is formed over each 
model, using a recently developed proprietary material that has 
much improved physical properties (see  Chapter 9 ), and the set 
of aligners is sent directly to the doctor. 

 Th ere is increasing interest now in the possibility of doing 
aligner production in the doctor ’ s own offi  ce, using computer 
software to create the sequence of models, a 3-D printer to make 
the models for each stage, and a vacuum-forming unit to make 
the aligners ( Fig. 10.12   ). At this point the available software is 
much less advanced than Invisalign ’ s, printing the models for each 
stage is time-consuming, and the improved aligner material is not 
available—but for simpler cases this already is quite feasible and 
much less expensive. Will this become a common procedure in 
the future? Th at remains unknown at present.  

  Clinician ’ s Role in ClinCheck.     With experience, doctors tend 
to be more specifi c in their initial prescription of what they want, 
or do all the sequencing of steps themselves to set things up for 
a better result, but the sequence of steps and the amount of move-
ment between steps is specifi ed by algorithms built into the Treat 
software if this is not spelled out in detail in the prescription. In 
essence, when the ClinCheck is posted for the doctor to examine, 
the computer technician has sent a draft treatment plan for review. 

device now could be, and quickly was, called a “clear aligner” 
because the typical use was to bring mildly displaced teeth back 
into alignment, as, for instance, when mild irregularity of maxillary 
or mandibular incisors occurred in an orthodontic patient after 
retainers were discontinued. 

 Only small amounts of tooth movement are possible with a 
single aligner, however, because of the stiff ness of the plastic material. 
It became clear that a sequence of several aligners, made on a series 
of casts with some teeth reset in small increments (not more than 
1 mm), would be needed to correct even mild malalignment. 
Although a sequence of modifi ed dental casts can be produced by 
hand and a short sequence of two to fi ve aligners made from these 
casts works for minor tooth movement, this is prohibitively time-
consuming and diffi  cult if more than a few aligners are required. 

 In the late 1990s, a new company, Align Technology, obtained 
venture capital to computerize the process of producing a sequence 
of casts with incremental changes on which aligners could be 
fabricated. With careful planning, this would result in a sequence 
of aligners that could correct more complex problems. Because 
growth changes could not be predicted, the method would be 
useful primarily for treatment of adults or late adolescents, but 

 Component  Comment 

  Functional Components  
Lingual fl anges Contact with mucosa; most effective

Lingual pad Contact with mucosa; less effective

Sliding pin and 
tube

Contact with teeth; variable tooth 
displacement

Tooth-supported 
ramps

Contact with teeth; tooth displacement 
likely

Lip pads Secondary effect only on mandibular 
position

  Tooth-Controlling Components  
  Arch Expansion  
Buccal shields Passive, effective

Buccinator bow, 
other wire 
shield

Passive, less effective

Expansion screws 
and/or springs

Must activate slowly; questionable stability

  Vertical Control  
Occlusal or 

incisal stops
Prevent eruption in discrete area

Bite blocks Prevent eruption of all posterior teeth

Lingual shield Facilitate eruption

  Stabilizing Components  
Clasps No effect on growth modifi cation

Labial bow Keep away from incisors, lingual tipping 
undesirable

Anterior torquing 
springs

Needed to control lingual tipping, especially 
with headgear-activator combination

   Functional Appliance Components  
 TABLE 
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