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Introduction 

 Orthodontics is a field of dentistry that corrects the malposition of 

the jaw bones and teeth in order to optimize occlusion for functional and 

aesthetic purposes (Alves et al., 2013).  

 Orthodontic forces are often followed by the biological response 

of dental pulp. The pulp’s sensory role is important, but it has other roles 

as well (Bicakci et al., 2010). 

The pulp functions to formation and nutrition of the dentin, as well 

as the innervation and defense of the tooth. When the nerve tissue is 

damaged, often bacteria begin to multiply in the pulp chamber, leading to 

infection. In fact, dental pulp maintains the biological and physiological 

vitality of the dentin (Abbassy et al., 2015). 

 In addition, it has a highly responsive sensory nervous system that 

generates unbearable pain when the tooth is inflicted by mechanical 

trauma.  Considering that, dental pulp insures many vital functions; it is 

legitimate to seek answers for the relationship between pulpal health 

safety and orthodontic forces.Rarely, pulpal side effects may appear 

during an orthodontic treatment. They involve pulpal necrosis and pulpal 

obliteration by secondary dentin. Pulpal oxygenation rates and blood flow 

are reduced in the early stages of the application of orthodontic forces 

(Lazzaretti et al., 2014). 

The relation between orthodontic force application and dental pulp 

tissue has been the subject of studies in the recent years.  However, there 

is no conclusive evidence on the effect of orthodontic forces on pulpal 

tissue, and therefore, the issue has been studied for many years in human 

(Andreasen and Andreasen, 2007).  
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 Proffit et al., (2007) reported that light continuous forces have 

little or no effect on dental pulp.  

On the other hand, the reaction of dental pulp to orthodontic forces 

has been reported to vary from mild hyperemia to complete necrosis in 

the literature.Type of the force application, duration and dimension of the 

force, age of the patients, and size of the apical foramen are among the 

contributory factors.More pulpal changes have been observed in response 

to intrusive orthodontic force. Furthermore, higher incidence of 

irreversible pulpal reactions is usually expected in teeth with complete 

root formation  (Ersahan and Sabuncuoglu, 2015). 
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Aims of the study 

 

To review the influence of orthodontic force on human dental pulp. 
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Chapter one 

Review of literature 

1.1  Pulp Structure 

 

 The pulp mass is a highly vascularized and innervated mass of 

connective tissue that resides within a spaced called the pulp 

chamber. Various cell types characterize this tissue, including 

fibroblasts, odontoblasts, histiocytes, macrophages, mast cells, and 

plasma cells. It also contains an extracellular matrix composed of 

collagenous fibers and ground substance. Given that the pulp forms 

the layer of dentin evenly in every direction, it effectively shapes 

itself into miniaturization of the tooth and reflects the external form 

of the enamel (Yu and Abbott, 2007). 

There are two main regions of pulpal architecture:  

1) central. 

2) peripheral.  

On the periphery of the pulp, the area adjacent to the calcified dentin 

exists a series of different structural layers. At the interface of the dentin-pulp 

complex exists a layer of columnar odontoblast cells, whose primary function 

is the development of dentin. Here, many dentinal tubules, channels created by 

the odontoblasts, extend through the dentin from the pulp to the enamel border 

(Yoshida and Ohshima, 1996). 

Each one of these tubules contains an odontoblast process, a cellular 

extension of an odontoblast used to form the dentin, as well as dentinal fluid. 

Like enamel, dentin is avascular, and these tubules are crucial for providing an 

entryway for nutrients in the interstitial fluid that originated from capillaries in 

the pulp. Beneath the odontoblastic layer is the cell-free zone, or zone of Weil, 

an area rich in both capillaries and nerve networks. The peripheral 
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compartment closest to the central zone is the cell-rich zone, a layer rich 

in fibroblasts and undifferentiated mesenchymal cell that functions in 

supporting the population of odontoblasts by proliferation and differentiation. 

This cell layer can also differentiate into fibroblasts and macrophages. The 

central pulp zone's perimeter is outlined by the edge of the cell-rich layer. 

This body of tissue is the main support system for the peripheral region 

and contains large vessels and nerves that extend out into the periphery. 

Similar to the cell-rich zones, it also contains many fibroblasts (Shi and 

Gronthos, 2003). 

 

 

1.2 Orthodontic tooth movement 
 

The orthodontic tooth movement could be defined as the results of 

tooth biological system response to the application of an externally force, 

all the biological responses that take place after force application lead to 

bone remodeling that is necessary for orthodontic tooth movement 

(Anastasi et al., 2008; Militi et al., 2019). 

The size of the biological response depends on the application 

time, force magnitude and force distribution. in fact, different force 

distribution patterns could determine different type of tissue reactions. By 

that, several studies focused on evaluating tissue reaction to force 

appliance and iatrogenic sequelae to orthodontic force have been detected 

(Cutroneo et al., 2015). 

The prolonged force appliance could determine dental pulp 

alterations that may culminate in a loss of vitality due to pulpal blood 

flow alterations (Abtahi et al., 2016). The characteristics of applied 

orthodontic forces, such as magnitude, appliance time and distribution, 
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could contribute to blood flow disturbance and make the alteration 

reversibly or irreversibly (Lazzaretti et al., 2014). 

The literature shows conflicting results about the correlations of 

pulp changes incident to orthodontic force. Some reports suggested 

permanent damage to pulpal tissue from orthodontic force as tissue 

calcification and vascular alteration with vascular stasis and pulp necrosis 

but others supported no significant long-lasting effects of dental pulp 

(Tripuwabhrut et al., 2010). 

There are many theories proposed regarding orthodontic tooth 

movement. 

The pressure-tension theory proposed by Schwartz in 1932 is the 

simplest theory describing tooth movement on mechanical loading.On the 

pressure side, the biological events are as follows: disturbance of blood 

flow in the compressed PDL, cell death in the compressed area of the 

PDL (hyalinization), resorption of the hyalinized tissue by macrophages, 

and undermining bone resorption by osteoclasts beside the hyalinized 

tissue, which ultimately results in tooth movement. On the tension side, 

blood flow is activated where the PDL is stretched, which promote 

osteoblastic activity and osteoid deposition, which later mineralizes (Von 

and Kuijpers, 2009). 

 

The fluid flow hypothesis, describing a mechanism by which 

osteocytes respond to mechanical forces, states that locally evoked strain 

derived from the displacement of fluid in the canaliculi is very important 

(Goulet et al., 2008).  

When loading occurs, interstitial fluid is squeezed through the thin 

layer of the non-mineralized matrix surrounding the cell bodies and cell 

processes, resulting in local strain at the cell membrane and activation of 

the affected osteocytes (Weinbaum et al., 1994). 
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According to piezoelectric theory, there is production of 

piezoelectric signal on application of orthodontic force, which quickly 

reduces to zero. On removal of the mechanical force, the piezoelectric 

signal is again produced, but in the opposite direction. The possible 

sources of this electric current could be collagen, hydroxyapatite, or the 

mucopolysaccharide fraction of the ground substance.On application of 

orthodontic force, the alveolar bone adjacent to the tooth bends and the 

area of concavity accumulates negative charges, resulting in bone 

deposition. Areas of convexity are associated with positive charges, 

resulting in bone resorption. These currents are affected by the nature of 

the fluid present within the canaliculi. The small voltages thus generated 

are called “Streaming Potentials” (Sandy et al., 1993). 

Recently,t has been proposed that the pressure-tension theory is not 

simple and might involve more complicated biological tissue response, 

suggesting that bone apposition could be induced by 

 (1) the load exerted by stretched fibers of the PDL, which may 

also induce a slight bending of the alveolar wall. 

(2) direct resorption by unloading of the alveolar wall in the case of 

low forces.  

(3) indirect resorption as repair due to ischemia following the 

application of high forces (Melsen, 2001). 

 

 

1.3 Orthodontic Forces 
 

 Orthodontic forces represent a major inducing factor for tooth 

movement. Such forces are produced by orthodontic appliances and exert 

on the tooth crown, with the forces transferring to surrounding 

periodontal tissues through the tooth body, triggering tissue remodeling 
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after cushioning and absorbtion by the periodontal ligament (PDL) (Kim 

et al., 2010; Lombardo et al., 2012). 

  The magnitude of the forces is crucial, where oversized forces 

may lead to root resorption, or even tooth exfoliation in the worst case 

scenario  (Hohmann et al., 2007; Rohan et al., 2015). 

 In addition, orthodontic treatment is almost irreversible, and it is 

hard to repair failed cases. As a result, serious adverse effects can result 

from treatment failure. On the other hand, if the forces are too small, the 

tooth will not move or move at a speed that is too low, extending the 

treatment period. The willingness and enthusiasm of the patient would 

likely be reduced at the same time, complicating the effort to realize an 

ideal orthodontic treatment (Liao et al., 2016). 

 

1.3.1 TYPES OF ORTHODONTIC FORCES  (Phulari, 2011) 

 

Based on the duration of application, force can be divided into the 

following three types: 

1. Continuous force. 

2. Intermittent force. 

3. Interrupted force 

 

 

 

 

 

 

Figure 1.1:   Types of orthodontic forces (Phulari, 2011). 
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1.3.2 Continuous Force:  (phulari, 2011). 

 

 • A continuous force is the one, whose magnitude does 

not decrease appreciably over time. The force decay is minimal between 

visits to the clinician. 

• Ideally, light and continuous forces are most efficient as they bring 

 about tooth movement mainly by frontal resorption. 

•For example, flexible wires and light elastics used in light-wire 

 differential force technique produce continuous forces. 

 

1.3.3 Intermittent Force:  (phulari, 2011). 

 

• The force is said to be intermittent when it decays to zero or nearly zero 

magnitude prior to the next appointment. 

•For example, removable appliance with an expansion screw. 

•Usually, such intermittent forces are of high magnitude and cause 

undermining resorption while moving the tooth 

•Force will decay to near zero magnitude once the tooth has moved and 

allows resumption of blood supply in the periodontal ligament tissue. 

 

1.3.4 Interrupted Force:  (phulari, 2011). 

 

• Forces applied on the teeth get interrupted when the appliance is 

inactive (when removed from oral cavity) for an interval of time in a day 

by the patient 

• For example, force exerted by headgears or facemask worn for a 

particular duration everyday 

• Appliances using interrupted forces use forces of heavy magnitude, 

which do not decrease. Usually such appliances exhibit, long-term 
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specific magnitude-time pattern, for example 200-300 gm of force 14 

hours a day to bring about skeletal changes 

• Although it appears logical to think that, continuous forces cause 

continuous tooth movement and an increased amount of tooth movement 

can be achieved by an increased amount of force, it is not true in reality 

• This is because, tooth movement is the combined result of several 

complex biologic changes occurring in the periodontal tissues at cellular 

level; which are not completely understood yet. 

 

1.4 Optimum orthodontic force  (Iyyer, 2012) 

 
Optimum orthodontic force is one, which moves teeth most rapidly 

in the desired direction, with the least possible damage to tissue and with 

minimum patient discomfort. Oppenheim and Schwarz following 

extensive studies stated that the optimum force is equivalent to the 

capillary pulse pressure, which is 20-26 gm/ sq. cm of root surface area. 

From a clinical point of view, optimum orthodontic force has the 

following characteristics:  

a. Produces rapid tooth movement. 

b. Minimal patient discomfort.  

c. The lag phase of tooth movement is minimal. 

d. No marked mobility of the teeth being moved. 

 

From a histologic point of view the use of optimum orthodontic force has 

the following characteristics:  

a. The vitality of the tooth and supporting periodontal ligament is 

maintained. 

b. Initiates maximum cellular response.   

c.Produces direct or frontal resorption. 



11 

 

1.5 Pulpal Changes During Application of Orthodontic 

Forces 

 

The impact of orthodontic forces on the dental pulp tissue has 

become a matter of interest (Javed et al., 2015).  

Several studies have evaluated the impact of orthodontic forces on 

the dental pulp. However, the reported results in the literature are 

inconsistent and inconclusive, mostly due to the methodological 

limitations (Leavitt et al., 2002). 

 Some studies have reported short term effects such as changes in 

tissue respiration, and others have reported long lasting consequences 

such as necrosis (Nixon et al.,1993). 

 

1.5.1 Morphological changes 

 

 A wide variety of morphological changes occurring in response to 

orthodontic force application have been documented throughout the 

literature, affecting both the inner and outer layers of the pulpal tissue. 

The majority of these are deleterious in nature, with vacuolization and 

degeneration of the odontoblast layer being a commonly observed 

occurrence (Ramazanzadeh et al., 2009; Villa et al., 2005).  

This degeneration may, however, be compensated for by 

osteopontin release which stimulates differentiation of new odontoblasts, 

thereby helping to repair any tissue damage (Shigehara et al.,2006)  .  

These deleterious changes appear to be more marked in older 

patients, possibly due to a reduction in the size of the apical foramen, 

with concurrent constriction of apical vessels. Younger patients (the most 

common orthodontic patient cohort) may, therefore, be at less risk.     A 
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change in the width of the pre-dentine layer has also been documented as 

a response to orthodontic force application, however this shows 

considerable inter-species variation. Whether the pre-dentine width 

reduces,  increases  (Villa et al., 2005) or remains unchanged (Kayhan et 

al., 2000) in the human model, however, remains unclear.   

Within the core of the pulpal tissue blood vessel congestion and 

haemorrhage have been observed in human teeth subject to heavy 

(150gm), intrusive forces, together with an increase in collagen fibre 

number and width, giving rise to some fibrosis (Villa et al.,2005). 

The extent of fibrosis appears to be proportional to length of time 

for which force is applied (Kayhan et al., 2000).  

 Very rarely, total obliteration of the pulp space may be observed, 

with concurrent loss of vitality; this is, however, most likely to occur in 

teeth that have experienced previous trauma (Bauss et al., 2008).  

Neuronal changes  in the human, there would appear to be minimal 

effects (both in the long and short-term) on the nerve fibres, as 

demonstrated clinically, by a continued normal response to thermal 

stimulation (Hall and Freer 1998). 

 

1.5.2 Angiogenic changes 

 

It has been proposed that, in order to avoid undermining bone 

resorption, the ideal force for tooth movement be in the order of to 35-

60g for tipping movements and 70-120g for bodily movement (Proffit et 

al. 2007).  

 The effects of these forces upon the pulpal blood supply are 

contentious, but several studies have found that under these ‘ideal’ 

conditions, orthodontic forces bring about an initial reduction in vascular 
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flow to the pulp that lasts for approximately 30 minutes, with a 

corresponding reduction in pulpal respiration rates. Clinically 72 hours 

after orthodontic force application has commenced normalisation of the 

blood supply occurs. this corroborating the fact that the pulp acclimatises 

to force application. However if excessive force is applied the blood flow 

may not recover, and the resulting ischaemia will lead to tissue necrosis 

(Sano et al., 2002). 

 

1.5.3 Inflammatory changes 

 

As with the documented changes in vascularity, there is discord 

within the literature as to whether or not orthodontic force application 

brings about inflammatory pulpal changes. Studies vary from showing no 

significant inflammatory changes (Sübay et al., 2001) to some evidence 

of macrophage infiltration (Grünheid et al., 2007), through to possible 

pulpal injury associated with rapid tooth movement (Seltzer, 2002).  

Any inflammatory reaction is likely, in part, to be mediated by 

fibroblasts. In vitro, substance P, which is known to be present in the 

human dental pulp, has been shown to stimulate the production of 

Prostaglandin E2 (PGE2) and Receptor Activator of Nuclear Factor 

Kappa-B Ligand (RANKL) by cultured dental pulp fibroblasts (Kojima 

et al., 2006). 

 These then have been shown to produce large amounts of 

Interleukins (IL): IL-1β, IL-6, and TNF-α (Yamaguchi et al., 2004) when 

under cyclic strain (Lee et al., 2008). 

 Orthodontic force application does bring about strain within the 

pulp tissue, together with upregulation of fibroblast growth factors, and 
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so it could, in theory, give rise to cytokine production by fibroblasts  

(Grünheid et al., 2007). 

 

1.5.4 Cellular changes 

 

Changes in cell metabolism take place, followed by tissue 

degeneration and remodelling. The most significant changes occur in the 

mid and apical regions of the pulp and increase in a time dependent 

manner (Grünheid et al., 2007).  

 The odontoblast layer forms the outermost layer of the pulpal 

organ, and plays an important role in the functional regulation of the pulp. 

If the pulp of a tooth is exposed, resulting in injury to the odontoblast 

layer, pulpal cell proliferation may be seen, along with pulpal 

stromal/mesenchymal differentiation into odontoblast-like cells, thereby 

allowing formation of new dentine matrix ( Fitzgerald et al., 1990). 

 This a process known as reparative dentinogenesis, where, in 

response to noxious stimuli, newly differentiated odontoblast-like cells 

lay down tertiary dentine matrix in the area local to the site of injury at an 

accelerated rate ( Smith et al., 1995). 

If the stimulus is relatively mild (e.g. if a tooth is worn down 

gradually) pre-existing odontoblasts may lay down new matrix- this is 

known as reactionary dentinogenesis (Lesot et al., 1994).  

The compositions of the tertiary dentine formed vary between the 

two processes, suggesting that the activity of the odontoblast/odontoblast-

like cells is modulated accordingly. It has been shown that odontoblasts 

will transmit external stimuli to the pulpal cell layer beneath them, indeed 

they are ideally situated to enable them to act as receptors to stimuli 
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external to the tooth, due to the localization of their processes within the 

dentinal tubules (Ikeda and Suda, 2006). 

 

 

Figure 1.2: Dentine/pulp interface (Brannstrom et al., 1972). 

 

 

 

1.5.5 Pulp Reactions 

 

Application of orthodontic forces to teeth will induce molecular 

changes on the cells within the periodontium. The peripheral sensory 

nerve system contributes to the development of acute and chronic 

inflammatory processes through local release of neuropeptides. When 

orthodontic appliance is activated, the transient inflammatory response 

may cause discomfort to patient for few days. The response initiates from 

acute inflammatory, which includes vasodilatation and leukocyte 

migration in the PDL (Krishnan et al., 2009) . 

 The migratory cells will produce various local biochemical signal 

molecules and cytokines. After 24 to 48 hours of the force application, 

chronic inflammation follows and this involves fibroblasts, osteoblasts, 

endothelial cells, and alveolar bone marrow cells during the process. The 
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leukocytes continue to migrate to periodontal tissues and keep 

modulating the remodeling process (Krishnan et al., 2006). 

 Interestingly, there is no conclusive evidence on the relation 

between orthodontic force and pulp tissue in human (Von et al.,2012). 

  Proffit et al. (2013) has stated that light continuous force has an 

impact on the PDL but has little or no effect on the pulp. However, pulp 

necrosis may occasionally be found during orthodontic treatment. This is 

usually related to previous dental trauma including severe periodontal 

injury, large decay, exceeding orthodontic force or dental movement 

outside the trough of the alveolar process etc. These scenarios may block 

blood supply entering the chamber of tooth. reported that excessive 

intrusive/extrusive force magnitude may disturb the circulation of dental 

pulp and degenerate the odontoblastic layer. These factors will potentially 

result in pulpal necrosis. 

 In adolescences, the prevalence of dental pulp damage resulted 

from orthodontic treatment was about 2%-17% for canal obliteration and 

1%-14% for pulpal necrosis. Changes occurred in the pulp are considered 

to be reversible most of the time unless the pulp had previous damage. 

The degree of pulpal change may be influenced by the severity of 

previous violation to the pulp. Sometimes, the pulp tissue health was 

compromised before the application of orthodontic force. We should be 

very cautious of moving this type of tooth and monitoring the pulpal 

status throughout the whole orthodontic treatment period. Although there 

are very few reports on the loss of tooth vitality related to excessive 

orthodontic force, it is still assumed that larger orthodontic force may 

potentially cause pulpal changes and the consequences is much more 

severe (Hamilton  and Gutmann, 1999). 
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1.6 Orthodontic force and movement in endodontically 

treated teeth  

 

In some situations, orthodontic force may apply on teeth having 

had or being under endodontic treatment. 

Before moving these teeth, we must evaluate the conditions of 

tissue repair and the degree of inflammation. According to previous 

studies, if root canals are cleaned, shaped, and sealed properly, teeth can 

be moved in the same way as teeth with normal pulps (Derringer  and 

Linden , 2007). 

 Complete and intake PDL on the radiograph is another sign of 

success (Proffit et al., 2013). 

 Interestingly, several studies have shown that teeth with well 

endodontic treatment may have less tendencies of root resorption or 

remodeling than vital teeth may have during orthodontic tooth movement. 

The main theory is that the absence of pulp tissue will result in the 

less production of neuropeptides, such as substance P (SP), calcitonin 

gene-related peptide (CGRP), neurokinin A (NKA)etc., which are related 

to the metabolisms of root resorption (Bender et al., 1997). 

 

1.6.1 Teeth without periapical lesion 

 

Teeth may need endodontic treatment because of pulpitis or pulp 

necrosis. Proper endodontic treatment with well cleaning, shaping, and 

three-dimensional obturation was the first object before orthodontic 

movement. After well obturation, 1 month of follow-up is necessary for 

the exudate and the inflammatory cells to be absorbed and removed. After 

that, the orthodontic force can be applied and treatment can be 
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commenced. If tooth unfortunately requires root canal treatment during 

orthodontic movement, it is recommended to clean and shape the root 

canals thoroughly followed by calcium hydroxide dressing until the end 

of orthodontic treatment. This protocol reduces the risk of root resorption 

during tooth movement (Malmgren  and Malmgren , 2007). 

Moreover, the cavity should be sealed properly with resin or glass 

ionomer to prevent bacterial leakage. The canals can be obturation with 

GP and sealer when orthodontic tooth movement has done ( Hamilton 

and Gutmann, 1999).  

 

1.6.2 Teeth with inflammatory periapical lesion 

 

The periapical lesion or disease is associated with the microbial 

flora present in the canals in which the dental pulp is necrotic due to 

caries or dental trauma. Endodontic treatment on tooth with acute 

inflammatory periapical disease usually has good prognosis because there 

is minimal area of apical root resorption and less microbial flora around 

the apex. It is easier to eliminate the microbiota and to make the lesion 

healed. The microbial flora persists longer within the chronic 

inflammatory periapical diseases, such as chronic apical periodontitis or 

periapical granuloma etc. This is because the bacteria are allowed to form 

biofilms and colonize within the dentinal tubules, isthmus, lateral canals 

and the external part of the apical surface. These areas are not easy to 

reach while mechanical instrumentation. Complete elimination of the 

microbial components in these cases sometimes may be difficult, and 

thus, healing of chronic periapical lesion cannot be assured. Teeth with 

previous chronic periapical lesions but being well treated can have 

orthodontic treatment with no problem on repairing. Fifteen to thirty days 
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of follow- up after endodontic treatment can allow the exudate and 

inflammatory infiltrate to be absorbed from the lesion. Orthodontic tooth 

movement can be started few days after that. The main reason for the 

failure of healing is probably due to the limitation of endodontic 

treatment rather than tooth movement itself (consolaro, 2013). 

 

1.6.3 Aseptic pulp necrosis and dental trauma 

 

The aseptic pulp necrosis usually occurs on previous- traumatized 

teeth. It is usually unnoticed until sign or symptom was reported from 

routine radiographic check- up or when tooth discoloration happened. 

The microbiota on the necrotic pulp presents less aggressiveness and the 

metabolic activity is lower (malmgren, 2007). 

Previous-traumatized teeth can have successful orthodontic 

movement if endodontic treatment can be done properly before 

orthodontic treatment. The more severe the dental trauma is, the poorer 

the prognosis could be during the treatment.Therefore, the magnitude of 

orthodontic force to the traumatized teeth should be reduced and routine 

follow-up of this tooth is necessary. In addition, the chance of extreme 

root resorption may largely increase on the traumatized teeth after 

orthodontic treatment (consolaro, 2013). 
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Chapter two 

Discussion 

 

2.1  Discussion  

  

Some studies have reported significant pulpal reactions to 

orthodontic tooth movement, yet there is no conclusive evidence on the 

relation between orthodontic forces and pulpal alterations (Proffit et al., 

2007).  

Some studies have demonstrated that most of the pulpal changes 

are associated with intrusive forces compared to other orthodontic 

movements (Villa et al., 2005).  

Ramazanzadeh et al  study, pulpal reactions to orthodontic forces 

were investigated 7 days and 1 month after force application to study both 

the immediate and the late pulpal responses. Some pulpal reactions to 

intrusive forces have been reported to occur as early as 3 days after force 

application (Ramazanzadeh et al., 2009).  

Lazzaretti et al study, mild inflammation was observed in 

adolescents only after 1 month of force application. In contrast, cases 

with moderate and severe inflammation were found among the adult 

patients after 7 days. reported no inflammatory cell reactions 3 weeks 

after intrusion (Lazzaretti et al., 2014).   

The study group included 12–19-year-old adolescents. On the other 

hand, we found a significant difference in the amount of chronic 

inflammation between the adolescents and adults. This emphasizes the 

importance of applying lighter forces with suitable intervals in the adult 

patients. Some studies have demonstrated that hemodynamic changes are 
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the first observable signs after orthodontic movements (Yamaguchi et 

al., 2007).   

However, there is a large controversy in this issue. The previous 

researches did not find a significant difference in vascular dilation 

between adolescents and adults after 7 days and 1 month of intrusion. In 

addition, no significant difference was observed between the control and 

intrusive groups. This can be due to the light force application in the 

study. These results are in line with the Ramazanzadeh et al study. 
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Chapter three 

Conclusions and Suggestions 

 

3.1 Conclusions  

 There is insufficient scientific evidence regarding the association 

between orthodontic forces and human dental pulp. However, a history of 

dental trauma maybe considered a risk factor for loss of pulp vitality 

during orthodontic treatment. 

 

 

 

3.2 Suggestions for further studies 

1. Study the effect of orthodontic force on periodontal tissue metabolism. 

2. Study the effect of orthodontic force on salivary levels of alkaline 

phosphatase enzyme. 

3. Study the effect of different types of forces on possible root resorption. 
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