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Abstract 

Dental aesthetics is the main factor in physical attractiveness, which contributes to self-respect. This 

is one of the main reasons for patients to undergo orthodontic treatment.There are various benefits of 

orthodontic treatment and in most cases, the benefits outweigh the possible disadvantages. However, a 

number of iatrogenic effects might occur during or after orthodontic treatment. Iatrogenic damage 

during orthodontic treatment is defined as deleterious effects to the dentition, periodontium or the 

patient that may occur as a result of orthodontic treatment. White spot lesions can be a serious side-

effect which concern esthetics during orthodontic treatment or may occur after de-bonding. Root 

resorption may occur due to excessive application of forces to teeth (torque/intrusion), longer 

treatment span, treatment performed on malformed teeth (dilacerations) and patient’s biological 

response. Abrasion of enamel against orthodontic brackets may also occur. Orthodontic appliances 

may have harmful effects on periodontium and can also lead to allergic reactions. Injuries can also 

occur from orthodontic appliances like headgear which can be intraoral or extraoral injuries. Good 

clinical practice and careful patient selection is important for minimizing iatrogenic effects of any 

treatment procedure. The orthodontist has to ensure that the patient is aware of the associated risks 

and stress the importance of the patient's role in preventing the untoward outcomes. This review thus 

describes the various iatrogenic effects that can occur during orthodontic treatment and explains the 

measures to be undertaken for their prevention and also discusses the treatment of iatrogenic effects.  
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Introduction 

Orthodontic treatment plays an important role in enhancing esthetics and function in patients. The 

complications associated with orthodontic treatment are a result of a multifactorial process including 

the patient’s own biology, clinical skills of the orthodontist, orthodontic appliances, orthodontic 

treatment procedures and length of treatment. It is important to assess the risks of treatment as well as 

the potential gain and balance these aspects of treatment prior to deciding to treat a malocclusion.  

White spot lesion is the loss of calcified tooth substance due to attack by acidic by-products of plaque 

metabolism and an early recognition is necessary to prevent permanent damage. It is a common 

negative consequence of orthodontic treatment in the absence of appropriate oral hygiene 

maintenance. Root resorption is a condition associated with either a physiologic or a pathologic 

process resulting in a loss of dentin, cementum and/or bone. It maybe initiated in the periodontium 

and affect initially the external surfaces of the tooth (external resorption) or it may start within the 

pulp space affecting primarily the internal dentin surfaces (internal resorption). Bracket interferences 

on opposing brackets may cause tooth wear. Fractures or chipping of enamel during de-bonding 

process may occur. With good oral hygiene practices, healthy periodontal tissue does undergo 

inflammatory processes when orthodontic forces are kept within optimum limits. Patients with pre-

existing periodontal disease need special attention, documentation of probing depths, bleeding points, 

full mouth periapical radiographic series prior to starting orthodontic treatment. As the periodontal 

issues could worsen during orthodontic treatment therefore periodontal health must be achieved prior 

to starting treatment. 

 

Patient education, good communication regarding pros and cons of orthodontic treatment procedures 

and informed consent process is crucial to avoid patient dis-satisfaction.  
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This review article focuses on various iatrogenic effects occurring during orthodontic treatment and 

how the diagnosis and treatment planning is essential before starting orthodontic treatment. Clinical 

experience is also an important factor while treating the iatrogenic effects. 

 

Types of Iatrogenic Effects 

Iatrogenic damage during orthodontic treatment is defined as deleterious effects to the dentition, 

periodontium or the patient that may occur as a result of orthodontic treatment. [1] These iatrogenic 

effects can be intraoral and extraoral. The intraoral effects are white spot lesions, root resorption, 

gingival and periodontal problems, enamel wear, abrasion and fractures and allergic reactions to 

orthodontic appliances. Extraorally also injuries and allergic reactions can occur due to orthodontic 

appliances.  

 

Demineralized White Spot Lesions 

Early enamel demineralization clinically appears as white spot lesions, defined by Fejerskov  (2015) 

as “the first sign of a caries lesion on enamel that can be detected with the naked eye.” [2] The milky 

white appearance is caused by an increased scattering of light and is exaggerated when the enamel is 

dried.Plaque collection and retention around irregular surfaces of the attachmentslimits the self-

cleansing mechanism of salivary flow which leads to accumulation of cariogenic bacterial species. 

After 14 days of undisturbed plaque, changes in enamel are visible on air drying. After 3 to 4 weeks, 

the outermost surface of enamel exhibits further porosity and clinical changes are seen without air 

drying.[3] The rate of progression of mineral loss around fixed orthodontic appliances can be faster 

than the traditional caries process, with demineralization being clinically apparent within 6 months of 

starting treatment. [4] 

Prevalance 

Al Maaitahet al. (2011) described a prevalence of 71.7% white spot lesions in 230 participants after 

orthodontic treatment. [5] This finding was determined using a technique called quantitative light-

induced fluorescence (QLF) which has a high sensitivity for detecting white spot lesions. Julien et al. 

(2013) reported an incidence of 23.4% white spot lesions in 885 participants using digital 

photography. [6] Transverse microradiography and quantitative light induced fluorescence are the 

methods used to detect white spot lesions. [7,8] 

 

Prevention 

The Caries Balance Model given by Featherstone [9] can be used to develop ways of preventing white 

spot lesions in orthodontic patients and this can be done either by preventing the loss of mineral from 

enamel (demineralization) or by promoting the uptake of mineral into enamel (re-mineralization). 

There are various ways of preventing demineralization which are one being reducing the amount of 

acidogenic plaque through mechanical and/or chemical methods, reducing the frequent consumption 

of sugar and sealing the enamel. [5,10,11] Remineralization can be brought about by increasing the 

calcium, phosphate and fluoride availability in the mouth and by increasing the salivary flow and ph 

of saliva. Casein Phosphopeptide-Amorphous Calcium Phosphate has been considered an anti-

cariogenic agent for over 20 years and its nano-complexes can be used to intra-orally deliver high 

concentrations of bioavailable calcium and phosphate ions to prevent demineralization and to allow a 

greater potential for re-mineralization. [12] 

 

Management 

The aim of all orthodontists, with the help of their patients and parents, should be to attempt to 

prevent white spot lesions from appearing during orthodontic treatment; however, unfortunately, they 

are still a common sight when the appliance is removed. It has been shown that regression of early 

white spot lesions can occur in the presence of saliva, without the additional use of fluoride or other 

re-mineralizing agents, once appliances have been removed, but overall regression can be slow and 

limited. Re-mineralization with calcium and phosphate is the ideal method of managing post-

orthodontic DWLs. [13] 

 

Root Resorption 
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External apical root resorption (EARR) is the most common and frequent iatrogenic consequence of 

orthodontic treatment. This resorption occurs when the pressure on the cementum exceeds reparative 

capacity and dentin is exposed. Radiographs can only detect resorption to a certain degree. More 

resorption occurs in the patients who have experienced root resorption before undergoing orthodontic 

treatment. [14] Resorption of the root can occur any time an injury occurs, causing inflammation to the 

periodontal ligament and/or to the pulp.  

 

Types of Root Resorption 

Root resorption is generally divided into internal resorption and external resorption. [14]   There are 

two types of internal resorption which are internal inflammatory resorption and internal replacement 

resorption. These occur secondary to an insult to the dental pulp and are not related to orthodontic 

tooth movement. External resorption is of four categories which are surface resorption, external 

inflammatory root resorption, replacement resorption and ankyloses. External inflammatory root 

resorption includes any resorption mediated by the inflammatory process and includes resorption 

caused by orthodontic tooth movement and trauma. In normal orthodontic tooth movement, external 

root resorption is a naturally occurring side effect of the physiologic process of resorption and 

deposition as the bone remodels to accommodate the moving tooth caused by a cascading series of 

events initiated by pressure and tension in the periodontal ligament. On the pressure side of the root, 

as clastic cells are recruited during the initial inflammatory process, cementoclasts remove cementum, 

which is normal and has been shown to occur without exception. Along the side of the root, the 

cementum is repaired as soon as the force expression diminishes and cementoblasts replace the 

cementoclasts. This ongoing resorption- repair process along the sides of the root generally occurs 

without consequence to the health and longevity of the tooth. Lighter forces have been shown to 

produce fewer craters on the root surface than have heavier forces. [14]The resorption–repair process is 

different at the apex. Once resorption starts at or near the apex, it does not always repair. The role of 

exposed dentin or the possible involvement of the pulp through the apices may be a factor. The apex, 

itself, is complex with multiple foramina and complicated surface anatomy. The composition of 

cementum is variable near the apex. Stresses on the neurovascular bundle exiting the pulp may be 

involved. Distinguishing between the two forms (location) of external root resorption is important; 

what may be true in the former may not necessarily be so for the latter. To differentiate the unique 

type of resorption that takes place at the root apex, the term external apical root resorption (EARR) is 

the most appropriate appellation. 

 

Etiology 

An individual’s genetic predisposition is generally accepted as the primary cause of EARR. Studies of 

families with severe root resorption have established a firm genetic component implicating the 

interleukin gene family. [15] 

 

Risk Factors 

Retrospective studies with large sample sizes have shown that the maxillary incisors have the greatest 

amount of root resorption of all teeth and lateral incisors are more resorbed than central incisors. The 

reported mean amounts for all cases were approximately 1.2 to 1.6 mm. Maxillary and mandibular 

canines follow in mean amounts of EARR with the rest of the dentition having less, but isolated teeth, 

particularly mandibular first bicuspids, with significant EARR are seen. [16] Molars rarely resorb, but 

if they do, it is usually the mesial root. There are no studies which explain why maxillary lateral 

incisors have more EARR, but several factors have been given serious consideration. Brin et al. 

(1991)has shown that lateral incisors often have undetected EARR caused by erupting canines. [17] 

Teeth with an odd root shape are probably at higher risk and are shown by clinical and finite element 

models. [16] Studies have shown that dilacerated roots, pointed roots, and pipette-shaped roots may 

have a higher risk for EARR. The dilacerated portion of the root is often resorbed during active tooth 

movement. A study by Sameshima et al. (2001) found that teeth with longer roots had greater EARR. 
[16] Majority of studies show no difference in sex or age; most of the studies that did find a difference 

showed those of increasing age and men may be at higher risk. [18] Recent case reports show that clear 

aligner treatment that applies enough force to move the roots the same amount as fixed appliances do 

will cause similar EARR. [19,20]Both animal and human studies have provided strong evidence that 
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force magnitude is directly proportional to the severity of root resorption. [21,22] Most of the studies 

comparing intermittent with continuous forces found that the latter is associated with greater 

resorption. [23,24] Brin and Bollen (2011) found that the spontaneous unraveling of incisor crowding 

often observed with serial extraction during early treatment does not prevent EARR in patients treated 

with late extractions, when the patients are treated in phase II. [25] An observational study using CBCT 

shows that rapid maxillary expansion (RME) or other similar fixed devices may increase the risk of 

EARR. [26] The extraction of teeth has been found to increase risk. Extraction pattern was found to be 

a significant factor in root resorption. [16] The longer the active treatment time, the greater the amount 

of EARR which may also be related to root (apical) displacement. [27] 

 

Management 

Good pre-treatment images should be obtained.If risk factors are present, then a special entry must be 

documented in the informed consent and periapical radiographs must be taken at 6 and 12 months or 

when the apical displacement has started. During treatment,if external apical root resorption (EARR) 

is greater than 2 mm, then treatment should be stopped for four months.If EARR is greater than 4 mm 

or more than one-third of the root, then active tooth movement should be stopped and termination of 

treatment must be considered.If severe EARR occurs on more than two adjacent teeth, then the 

treatment must be terminated.EARR stops when appliances are removed. If short roots are present at 

the beginning of treatment then it is necessary to delay applying appliances on the affected tooth as 

long as possible.Torque and apical displacement should be avoided.Periapical radiographs should be 

taken frequently. 

 

Effects on Periodontium 

Gingival and Periodontal problems 

Zachrisson and Zachrisson (1972) reported that even after maintaining seemingly excellent oral 

hygiene, patients usually experience mild to moderate gingivitis within 1 to 2 months of orthodontic 

appliance placement. These infective changes are generally quiescent, with no permanent damage 

introduced to tissues, except for 10% of adolescents, who might show considerable irreversible 

periodontal attachment apparatus destruction. [28] This finding is similar to that of Kloehn and Pfeifer 

(1974) who evaluated pre-treatment gingivitis in prospective orthodontic patients with the help of 

Russell’s periodontal index, and reported a gingivitis prevalence of approximately 8%. [29] Clinical 

studies used various indices for evaluating gingival inflammation after orthodontic appliance 

placement. The plaque index, gingival index, bleeding on probing, pocket probing depth, Quigley-

Hein index (for bonded maxillary and mandibular molars), bonded bracket index (for bracketed teeth), 

and a modified gingival index, all were used for assessment of pre and post-treatment gingival 

conditions. [30-32] One of the most common problems with gingivitis associated with orthodontic 

treatment is gingival overgrowth. The affected tissue is generally edematous, and may bleed when 

gently probed. Kloehn and Pfeifer (1974) evaluated in detail the nature and degree of gingival 

enlargement after orthodontic appliance placement. They reported that the average incidence of 

gingival enlargement was 4 times greater around posterior teeth compared with incisors and canines. 
[33] Zachrisson and Zachrisson (1972) found that the mandibular incisor region harbors the highest risk 

for the development of gingival hyperplasia. [28] Geiger (1980) reported that the incidence of gingival 

recession with fixed orthodontic appliances ranges from 1.3% to 10%. It is accepted that a 2-mm-wide 

attached gingiva is adequate to withstand orthodontic forces and prevent gingival recession. 

Moreover, it is argued that pre-existing muco-gingival problems can be exacerbated with orthodontic 

force application. [34] Biomechanical therapeutic modalities associated with anterior gingival recession 

include transverse expansion and inter-maxillary (inter-arch) springs and elastics. In such cases, a 

breakdown of fragile gingival attachment may occur. [35] 

 

Management 

Although various methods have been used to improve oral hygiene, optimum mechanical removal of 

plaque by brushing and by professional scaling is considered to be the most important function. End-

tufted brushes saturated with bactericidal disinfectants such as chlorhexidine gluconate, supplemented 

with floss threaders or stiff plastic floss that can be threaded beneath the arch wires, are particularly 

useful. Trimpeneerset al. (1997) compared electric and manual toothbrushes for their efficacy in 
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plaque removal, and concluded that manual toothbrushes are most effective in orthodontic patients. [36] 

The effect of combined application of antimicrobial and fluoride varnish to orthodontic patients for 

the purpose of reducing plaque and gingivitis was studied by Ogaard et al. (2001). They reported a 

significant reduction in Streptococcus mutans count in plaque during first 48 hours of treatment with 

fixed appliances. They also observed a significant reduction in the amount of plaque and gingivitis in 

this study sample. [37]  

It is evident that the mere placement of orthodontic appliances can contribute to undesirable changes, 

such as the formation of plaque-harboring areas, a change in oral ecosystem, a shift from normal flora 

to microbes marked as periodonto-pathogens, gingival inflammation, irreversible gingival 

hyperplasia, permanent loss of periodontal attachment (bone loss), and bony or gingival dehiscence 

(recession). While these effects can be controlled by proper oral hygiene measures, failing to adhere 

to such a regimen might result in initiation of destructive periodontal disease through the breach in 

natural protective barriers. These findings point to the importance of stressing oral hygiene and 

effective infection control as an integral part of every visit to the orthodontist. When a damaging side 

effect is found, the orthodontist should consider obtaining a consultation with a periodontist, and 

remove irritating forces, as well as attachments and appliances, which may be construed as 

contributing factors, so that further destruction is prevented. [38] 

 

Injuries from Orthodontic Appliances 

Damage to Intraoral Tissues 

Both intra-oral and extra-oral tissues are at risk of damage during orthodontic treatment. The tissues 

can be damaged in two ways, direct damage by removable or fixed components and indirect damage 

by allergic reactions to nickel and latex. Patients may suffer from mouth ulcers, due to rubbing of the 

lips and cheeks on brackets, bands or cleats as they become accustomed to fixed appliances. 

Occasionally, palatal or lingual arches may cause trauma to the palate or tongue. Removable 

appliances may be used as active appliances during the treatment for the management of minor 

orthodontic problems which require a simple tipping or in the form of retainers at the end of fixed 

orthodontic treatment. They carry with them the risk of tissue impingement by the wire components 

(retentive clasps, springs, canine retractors etc.). Undercuts should be carefully evaluated in the 

plaster model and blocked out prior to acrylisation and care taken to avoid any sharp edges in the 

appliance to avoid trauma during the insertion and removal of the appliance. Lacerations and trauma 

to the gingiva and oral mucosa may often occur during the course of orthodontic treatment due to 

rubbing of the lips and cheeks on the arch-wire, brackets, bands and hooks, especially where long 

unsupported stretches of wire rest against the lips. Biomechanics involving arch-wire loops and utility 

arches are often required during orthodontic treatment for space closure, space maintenance or 

intrusion. Utmost care must be taken during their fabrication to avoid their extension into the 

vestibular area, which may cause tissue impingement, ulcerations and other types of tissue damage.  

Even minor amounts of continuous tissue impingement, if disregarded, may lead to more serious 

problems like ulceration or tissue hyperplasia around the loop. In extreme situations, the loop may 

become completely embedded in the hyperplastic tissue requiring surgical excision for removal of the 

hyperplastic tissue. Thus, careful fabrication and monitoring of such wire components are essential to 

avoid such problems.  

 

Accidental swallowing of appliances 

The accidental swallowing of appliance components, though very rare, is a potential hazard that 

cannot be taken lightly and every possible effort must be taken in preventing such an untoward 

incidence from happening. It is not only the smaller components like brackets, bands, and bonded 

buttons which are swallowed, but even comparatively larger appliances like quad helix and RME 

appliances have been swallowed accidentally. The activation key of RME is one of the components 

which can be easily ingested by accident. A dental floss can be threaded to the key to minimize the 

risk. [39] 

 

Damage to Extraoral Tissues 

Headgear can cause injury if it is displaced during sleep or rough play. The headgear bow is not only 

sharp but also covered in oral bacteria. There is a potential risk of a bilateral injury to the eyes 
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because the inner arms of the face-bow are of the same width as the eyes. A case report has been 

given by Mason and Birnie (1988) of a severe penetrating ocular injury in a twelve year old girl which 

resulted in loss of the injured eye, following dislocation of a Kloehn bow from an upper removable 

appliance. The injury occurred while the patient was asleep and was probably not due to catapult 

injury and the patient also unexpectedly developed sympathetic opthalmitis in the uninjured eye. The 

left eye in which injury occurred was infected and cornea was hazy with a small medial perforation. 

An operation was performed on the patient and during this corneal wound was found to be irregular 

and necrotic with surrounding inflammatory infiltrate. [40] Patients wearing headgear thus should be 

warned that improper use of the appliance may cause injury and that such injury may be caused either 

by another person or may be self-inflicted. The patient and parent should be advised that if an eye 

injury should be caused by any part of the orthodontic appliance then an immediate ophthalmological 

examination is necessary as penetrating injuries may be relatively asymptomatic and immediate 

antibiotic therapy is required if infection is to be controlled. 

 

Enamel wear, abrasion and fractures 

Damage during bonding 

Before acid etching, the enamel surface should be cleaned. An initial prophylaxis with a bristle brush 

for 10 to 15 seconds per tooth may abrade away as much as 10 µm of enamel whereas about 5 µm 

may be lost when a rubber cup is used. [41] Traditionally the enamel surface has been prepared by 

etching with phosphoric acid at concentrations ranging from 30% to 50% for 15 to 60 seconds, 

followed by rinsing and drying of the surface. One of the effects of etching with phosphoric acid is the 

dissolution of hydroxyl apatite of enamel causing demineralization of the most superficial layer of 

enamel. Phosphoric acid causes a selective dissolution of either enamel prism cores or boundaries and 

creates micro-porosity of the enamel surface ranging in depth from 5 to 50 µm. To control excessive 

enamel loss, maleic and poly-acrylic acids have been used as alternatives for phosphoric acid, but 

resulted in a reduction of bond strength. More recently self-etching adhesive systems have been 

developed and introduced to overcome some of the shortcomings of etch and rinse systems. 

 

Damage during debonding 

The bond strength should be at a level to allow for bracket de-bonding without causing damage to the 

enamel surface. Various studies have suggested bond strengths ranging from 2.8 to 10 MPa as being 

adequate for clinical situations. The maximum bond strength should be less than the cohesive strength 

of enamel, which is approximately 14 MPa, to allow for the removal of the bracket without causing 

damage to the enamel. Bishara and Fehr (1997) suggested that bond strengths lower than 12.75 MPa 

would be safe for the enamel. [52] Martin and Garcia-Godoy (1994) through their research suggested 

use of a weaker adhesive with a lower strength value so that failure while de-bonding occurs at the 

resin enamel interface. This can reduce both the enamel damage as well as the residual clean-up 

effort. [43] 

 

Interdental stripping: intentional damage 

Although it has been claimed that 0.3 to 0.4 mm of enamel can be safely removed without rendering 

the enamel prone to dissolution, the ultra-morphological characteristics of the altered enamel surface 

can cause various problems such as increased frequency of caries, periodontal disease, and 

temperature sensitivity. Studies have shown that stripping can increase the susceptibility of proximal 

enamel surfaces to demineralization and also lead to greater plaque retention and increased risk of 

secondary caries. This is mainly because of the residual furrows on the enamel surface compared with 

non-treated ones. The results of a recent study demonstrated that polishing enamel after stripping 

techniques to achieve similar morphological characteristics as intact enamel was not possible. [41] 

 

Allergic reactions due to Orthodontic Appliances 

Latex sensitivity may occur in some patients, in response to contact with latex gloves or elastomeric 

ligatures and intra and extra-oral elastics. In the latex sensitive patient, steel ligatures or self-ligating 

brackets may be preferred. Terhune et al. (1983) tested orthodontic bonding materials for in vitro 

cytotoxicity and found that all materials showed cytotoxicity immediately after preparation. 

Polymerized adhesives generally showed decreased toxicity. Sealant materials showed statistically 
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significant greater toxicity than paste resins, both initially after mixing and after 30 days. The 

significant finding in this study was that these materials not only were toxic immediately after mixing 

but remained toxic for extended periods of time. Excess material should be removed from teeth by 

thorough scaling and flushing with water and high-volume suction, particularly in areas adjacent to 

the gingiva. [39] Kim (1999) found that titanium wires and brackets were the most inert and can be 

used intra-orally in a corrosive environment. It contains no nickel and is an excellent alternative for 

orthodontic patients with nickel allergy. 

 

 

Conclusion 

Before proceeding with orthodontic treatment, both the patient and the orthodontist should reflect on 

the risks and the benefits of the proposed treatment. Patient's attitude is also an important factor in 

ensuring predictable and successful treatment outcomes. The orthodontist must counsel the patient, 

ascertain his or her expectations, and assess whether they are realistic. Some patients, particularly 

those contemplating surgery, may expect a radical change in their personal life or have expectations 

of restoring a failing marriage and are high liability cases to treat because of over-expectation from 

the proposed treatment. They must be recognized at the start and the limitations must be explained to 

them. With vigilant selection, diagnosis, treatment planning, monitoring, timely intervention, and 

good patient cooperation, we can ensure that the majority of orthodontic patients benefit by improved 

facial and dental aesthetics as well as function, without any unwanted side effects at the end of 

treatment. 
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