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Abstract

 Interproximal enamel reduction (IPR) is an orthodontic treatment option for gaining space to 

correct mild to moderate crowding malocclusions. Presently, there are many IPR instruments and 

techniques that are available for clinicians. No matter which instruments or techniques of IPR are 

used, the important thing is that clinicians should be aware of the considerations, advantages, and 

disadvantages before performing IPR. 
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Introduction

 Interproximal enamel reduction (IPR) is a 

clinical procedure of tooth mass reduction and 

anatomic tooth re-contouring (1). This procedure

is also known as air-rotor stripping (ARS), 

slenderization, or reproximation (2). IPR is an 

alternative option of the non-extraction orthodontic

treatment plan in borderline cases. Recently, this 

technique has been increasingly used for creating

spaces in many orthodontic situations (e.g. gaining

space for older patients who have difficulty with 

extraction space closure or for patients with 

clear aligner systems). 

The background of IPR concepts

 The first concept of tooth mass reduction 

was mentioned by Ballard in 1944. His study 

illustrated the importance of tooth size harmony

and he recommended correcting tooth size 

disharmony by proximal surface stripping of 

anterior segments (3). A decade later, Begg 

presented that old human dentitions with severe 

interproximal wears had enough spaces for third 

molars eruption with the dentitions still exhibiting

no crowding (4). From this knowledge, many 

clinicians considered that the interproximal 

enamel reduction was advised for good orthodontic

finishing.

 In 1956, the technique of IPR by using

metallic strips, first described by Hudson, 

demonstrated the necessity of polishing after 

enamel stripping (5). Meanwhile, the importance 

of tooth size disharmony correction to achieve 

excellent occlusions was confirmed by Bolton, 

Peck and Peck (6,7).

 In 1985, the air-rotor stripping (ARS) 

technique was presented by Sheridan that was a 

crucial development in the orthodontic practices. 

This space gaining technique was an alternative 

to extraction or expansion in borderline cases 

(8). Moreover, Zachrisson recommended proximal

stripping to correct triangular interdental spaces 

of anterior teeth during a finishing phase of the 

orthodontic treatment (9). 

 While increased IPR use is supported by 

the identified benefits, there are several articles 

presenting the successful options for performing

IPR. However, patients occasionally experience 

unintended negative procedural outcomes. This 

article highlights the advantages and disadvantages

of IPR of which the clinicians should be aware, 

as well as the factors to be carefully considered 

prior to performing the IPR and thereby increasing

the likelihood of a successful outcome.

The advantages and disadvantages of IPR

 IPR procedures can be performed to 

manage several dental problems (10). The 

advantages of performing IPR categorized by 

the fields of orthodontics and esthetics are as 

follows:

The advantages of IPR in the field of orthodontics

 1. Relieve crowding and enable self-

alignment correction of dentition by primary 

posterior teeth stripping (11,12).

 2. Gain 3-4 mm of space in cases of 

mild to moderate crowding, so that the removal 

of teeth can be avoided (12,13).

 3. Adjust the improper tooth size to 

obtain normal overjet, overbite, and a proper 

occlusion (Bolton’s discrepancy correction) (6).

 4. Enhance the stability of the orthodontic

treatment results; especially in lower anterior 

region (14-16).
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The advantages of IPR in the field of esthetics

 1. Recontour or reshape the individual 

teeth for esthetic reasons (9,12).

 2. Reduce triangular interdental space 

of anterior teeth and improve their interproximal 

contact relationship (9).

 Besides advantages, IPR procedure, if not

properly performed by knowledgeable and skillful 

clinicians, can cause iatrogenic complications. 

However, the risk of IPR can be alleviated with 

the proper treatment plan and attentive treatment.

The disadvantages or risks of IPR

 1. Induce tooth sensitivity, especially 

patients who have hypersensitive teeth.

 2. Damage interdental tissue if the 

procedure is inattentively performed.

 3. Can lead to excessive spaces or 

negatively impact overjet, overbite, posterior 

teeth intercuspation, and esthetics if the procedure

is performed with improper treatment planning 

(12).

 4. Increase plaque retention on the 

enamel surface (13,17).

 5. Create abnormal tooth shape.

 Additionally, patients with developmental 

enamel defects or poor oral hygiene who may 

present with problems of the tooth sensitivity 

and susceptibility to caries are contraindications 

for performing IPR (18,19).

 Tooth structure, periodontal tissue and 

oral hygiene evaluation is necessary for IPR 

planning. Periapical radiographic image provides 

useful information, for example, enamel thickness,

size of pulp chamber, proximal tooth contour, 

location of contact points, presence of dental 

caries, size of old fillings, and the amount of 

bone between roots (20). 

The factors to be considered before performing

IPR

 Clinicians should carefully consider the 

following factors while selecting the appropriate 

armamentarium and technique.

 1. Enamel thickness and the amount 

of enamel to be removed

 The study showed that the enamel thickness 

of posterior teeth became progressively thicker 

from the first premolar to the second molar. 

Due to the differential wear pattern of dentition, 

the thickness of enamel on the distal surface is 

greater than the mesial surface (21).

 Studies recommended different amount of

enamel to be safely removed. (Sheridan suggested

not to exceed 0.25 mm on each contact of the 

anterior teeth and 0.4-0.8 mm on each contact 

of the posterior teeth (22) while Hudson recom-

mended 0.2-0.3 mm per side of lower anterior 

teeth (5)). It was generally recommended that 

only half of the proximal enamel thickness can 

be removed (23,24). However, enamel thickness 

varies from one tooth to another, and no correlation

is found between tooth size and the enamel 

thickness. Thus, radiographic examination and 

periapical film should be employed to determine 

the proper amount. 

 2. Shape and size of the teeth

 Incisor shape can be categorized as 

rectangular-, triangular-, or barrel-shaped, which 

presents different contact point shape, contact 

point location and the different form of interdental

space. The contact point of triangular-shaped 

incisors locates at incisal third of the crowns 

which creates the triangular interdental space 

(black triangle) (25). IPR performed in triangular-

shaped incisors will not only just obtain space 

but will also improve the esthetics.
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 Barrel-shaped incisors tend to have the 

contact point at the middle and have spaces at

the incisal edge, so performing IPR may approximate 

the incisal edges and relocate the contact point. 

On the other hand, rectangular-shaped incisors 

always have a broad contact that are unfavorable 

for gaining space with IPR. Tooth size should be 

taken into consideration. Larger teeth are more 

suitable for IPR whereas smaller teeth, for example, 

peg lateral incisors are to be avoided (25).

 3. Proximal contact area and location

 The proximal contact area is the area 

of proximal height of a tooth that contacts an 

adjacent tooth in the same arch. Generally, the 

location of proximal contact is located at the 

incisal third of anterior teeth, near the junction 

of the incisal and middle third and at the middle 

third of posterior teeth (26). 

 The physiologic proximal contact areas 

and locations play important roles in maintaining 

healthy periodontal and interdental tissue and 

protecting them from possible damage. Improper 

proximal contact may result in food impaction, 

potentially increasing the risk of periodontal 

disease, caries, and tooth movement (26). Thus, 

it is necessary to properly recontour the tooth 

into the original shape with the appropriate 

embrasure and physiologic contact location that 

enables self-cleansing mechanism (20). The use 

of an abrasive metal strip is an optimal technique

to preserve a tooth shape, although it requires 

more time (27). 

 4. Periodontal and intra-oral soft 

tissues

 Stripping the proximal surface of posterior 

teeth can damage interproximal gingival tissue. A 

separator or wooden wedge placed between the 

teeth will allow better access, prevents gingival 

bleeding, and avoids biologic width damage (23, 

28). The rotated teeth should be aligned prior 

to IPR so that the gingival tissue will not be 

damaged by stripping (23). IPR with rotary or 

motor-driven instruments could cause more 

damage, thus clinicians must use extra care. 

A tongue and lip protector and a four-handed 

approach are recommended (28). 

 Extensive mesio-distal enamel reduction

may result in the root proximity that clinicians

should concern as a risk of periodontal disease

for poor control oral hygiene patients (29). 

However, there was no signs of periodontal 

tissue breakdown that were observed between 

root proximity sites after active orthodontic 

treatment (30). 

 Furthermore, clinicians need to pay 

attention to the relationship between the alveolar

bone crest level and the interproximal dental 

papilla. Generally, the alveolar crest is 1.5 - 2 mm 

apical to the cemento-enamel junction (CEJ). If 

the distance from the contact point to the crest 

of bone is less than 5 mm, interdental papilla will 

fill up the interdental space approximately 100% 

(31). However, the triangular interdental space 

(black triangle) might be present with regard to

age of patients, periodontal bone loss, increased 

distance between the alveolar bone crest to the 

contact point, improper root angulation, triangular

crown and embrasure morphology, or initial position

of tooth (32). 
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 5. Enamel roughness and caries risk

 Several studies revealed different level 

of enamel roughness related to the systems 

and techniques of IPR (17,33-35). Although the 

enamel surface was properly polished with fine 

finishing strip, deep furrows caused by coarse 

abrasive still remained (36). Gupta et al. (2012) 

recommended tooth polishing with fine Sof-lex 

discs (3M ESPE, St Paul, MN, USA) to reduce 

enamel surface roughness (Fig.1) (37).

Fig.1 Sof-lex discs (3M ESPE, St Paul, MN, USA) in contra angle handpiece.

 The rough enamel surface of posterior 

teeth potentially promotes the plaque accumulation 

and the adherence of bacteria that increase the 

risk of enamel demineralization (38,39). Thus, it 

is presumable that IPR may increase the risk 

of caries (38). However, there is a process of a 

complex interaction of cariogenic bacteria, food 

debris and host factors (tooth structure and 

salivary flow) with time (40). Even though several

studies reported that IPR did not result in increased

caries risk in anterior teeth (41-43), it was 

recommended to treat the enamel surface with 

remineralizing products to reduce the caries 

susceptibility (44).

 6. Effect of fluoride treatment

 It is accepted that stripping with manual 

or rotary instruments leaves scratches and furrows

on enamel surfaces (17,27,33,35). Some studies

presented that the microhardness of stripped 

enamel surfaces was decreased and that the 

irregularities of stripped enamel surfaces resulted

in increased demineralization (42,45). Thus, 

several studies recommended immediate fluoride 

or remineralizing products application to stripped 

enamel surfaces to restore the minerals lost 

during stripping and to preserve the integrity 

of the enamel surface (8,13,23,44,45). However,

Jarjoura et al. (2006) found that immediate 

fluoride application did not provide any additional

benefit for patients who were regularly exposed 

to fluoridated water and toothpaste containing 

fluoride (41). 

 7. Effect of heat on pulp tissue

 IPR generates frictional heat which then 

transferred to the pulp chamber. Pulpal tissue 

can tolerate intrapulpal temperature increase of 

5.5°C. If the transferred heat is higher, the pulp 

tissue will be damaged (46). Thus, water and air 

cooling are necessary during IPR (8,9,47).

 In vivo and in vitro studies investigated 

the temperature change in the pulp chamber 

of different IPR techniques and found that the 

manual and rotary IPR techniques increased 

pulpal temperature, however, the increased pulpal
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temperature was not in excess of the critical 

level of 5.5°C (48,49). Therefore, in terms of 

generated heat, these methods are safe for the 

pulp tissue.

Armamentarium for IPR

 Armamentarium for IPR currently used in 

the orthodontic practices can be divided into 

manual and motor-driven or rotary instruments. 

Because of interproximal access limitation, 

performing IPR with manual instruments is 

recommended during initial phase of treatment 

when crowding has not been alleviated enough. 

After the teeth are reasonably aligned, it is 

usually recommended for clinicians to performing

IPR with rotary instruments, since clinicians can 

parallel the instrument to the long axis of the 

tooth.

Manual instruments 

 One sided-, double sided- thin metal 

strips, thickness 0.05 mm, width 6 mm (fig.2a) 

Motor-driven or rotary instruments

 Diamond disc (fig.2b), Diamond discs with 

soft tissue protectors (fig.2c and fig.2d), Oscillating

discs (fig.2e), High speed airotor diamond burs 

(fig.2f), Diamond strip motor-driven type (fig.2g), 

Sof-lex discs (fig.1), IPR gauge set (fig.2h).

Fig.2 Manual instruments: a) Thin metallic strips: b) Diamond disc in straight handpiece, 

c) Diamond discs with plastic soft tissue protector, d) Diamond disc with metal soft tissue 

protectors, e) Oscillating discs in contra angle handpiece, f) High speed airotor diamond burs, 

g) Diamond strips in contra angle handpiece, h) IPR gauge set.
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Conclusion

 Interproximal enamel reduction is proven

to be the safe method to gain space in the 

orthodontic treatment, especially non-extraction 

approach. Since enamel stripping is an irreversible

procedure, clinicians must keep in mind the 

indications, the amount of enamel to be removed, 

locations, techniques, and most importantly, 

patient’s safety. 

References

 1. Lapenaite E, Lopatiene K. Interproximal

enamel reduction as a part of orthodontic 

treatment. Stomatologija. 2014;16(1):19-24.

 2. Livas C, Jongsma AC, Ren Y. Enamel 

reduction techniques in orthodontics: a literature 

review. Open Dent J. 2013;7:146-51.

 3. Ballard ML. Asymmetry in Tooth Size: 

A factor in the etiology, diagnosis and treatment

of malocclusion. The Angle Orthodontist. 1944;

14(3):67-70.

 4. Begg PR. Stone age man’s dentition: 

With reference to anatomically correct occlusion, 

the etiology of malocclusion, and a technique for 

its treatment. Am J of Orthod. 1954;40(4):298-

312.

 5. Hudson AL. A study of the effects 

of mesiodistal reduction of mandibular anterior 

teeth. Am J Orthod 1956;42(8):615-24.

 6. Bolton WA. Disharmony in tooth size 

and its relation to the analysis and treatment of 

malocclusion*.  Angle Orthodon. 1958;28(3):113-

30.

 7. Peck H, Peck S. An index for assessing

tooth shape deviations as applied to the 

mandibular incisors. Am J Orthod. 1972;61(4):384-

401.

 8. Sheridan JJ. Air-rotor stripping. J Clin 

Orthod. 1985;19(1):43-59.

 9. Zachrisson BU. JCO/interviews Dr. Bjorn

U. Zachrisson on excellence in finishing. Part 2. 

J Clin Orthod. 1986;20(8):536-56.

 10. Frindel C. Clear thinking about 

interproximal stripping. J Dentofacial Anom 

Orthod. 2010;13(2):187-99.

 11. Paskow H. Self-alignment following

interproximal stripping. Am J Orthod. 1970;58(3):

240-9.

 12. Proffit WR, Fields HW, Sarver DM. 

Contemporary orthodontics. 6th ed: St. Louis, 

Mo, USA: Mosby Elsevier; 2013.

 13. Rossouw PE, Tortorella A. Enamel 

reduction procedures in orthodontic treatment. J 

Can Dent Assoc. 2003;69(6):378-83.

 14. Aasen TO, Espeland L. An approach 

to maintain orthodontic alignment of lower 

incisors without the use of retainers. Eur J 

Orthod. 2005;27(3):209-14.

 15. Boese LR. Fiberotomy and reproximation

without lower retention, nine years in retrospect: 

part I. Angle Orthod. 1980;50(2):88-97.

 16. Boese LR. Fiberotomy and reproximation

without lower retention 9 years in retrospect: part 

II. Angle Orthod. 1980;50(3):169-78.

 17. Danesh G, Hellak A, Lippold C, Ziebura

T, Schafer E. Enamel surfaces following interproximal

reduction with different methods. Angle Orthod. 

2007;77(6):1004-10.

 18. Chee D, Ren C, Yang Y. An overview 

on interproximal enamel reduction. Dent Open J. 

2014;1(1):14-8.

 19. Seow WK. Developmental defects of 

enamel and dentine: challenges for basic science

research and clinical management. Aust Dent J. 

2014;59 Suppl 1:143-54.



109

SWU Dent J. Vol.15 No.2 2022

 20. Philippe J. A method of enamel reduction

for correction of adult arch-length discrepancy. J 

Clin Orthod. 1991;25(8):484-9.

 21. Stroud JL, English J, Buschang PH. 

Enamel thickness of the posterior dentition: its 

implications for nonextraction treatment. Angle 

Orthod. 1998;68(2):141-6.

 22. Sheridan JJ. Air-rotor stripping update.

J Clin Orthod. 1987;21(11):781-8.

 23. Chudasama D, Sheridan JJ. Guidelines

for contemporary air-rotor stripping. J Clin Orthod.

2007;41(6):315-20.

 24. Pinheiro MLR. Interproximal Enamel 

Reduction. World J Orthod. 2002;3(3):223-32.

 25. Pindoria J, Fleming PS, Sharma PK. 

Inter-proximal enamel reduction in contemporary 

orthodontics. Br Dent J. 2016;221(12):757-63.

 26. Boushell LW, Sturdevant JR. 1 - Clinical

Significance of Dental Anatomy, Histology, 

Physiology, and Occlusion. In: Ritter AV, Boushell

LW, Walter R, editors. Sturdevant’s Art and 

Science of Operative Dentistry. St. Louis: Elsevier;

2019. p. 1-39.

 27. Nassif N, Gholmieh MN, Sfeir E, Mourad

A. In vitro Macro-qualitative Comparison of Three 

Enamel Stripping Procedures: What is the Best 

Shape We can get? Int J Clin Pediatr Dent. 

2017;10(4):358-62.

 28. Zachrisson BU. Actual damage to 

teeth and periodontal tissues with mesiodistal 

enamel reduction (“stripping”). World J Orthod. 

2004;5(2):178-83.

 29. Vermylen K, De Quincey GN, Wolffe 

GN, van ‘t Hof MA, Renggli HH. Root proximity 

as a risk marker for periodontal disease: a case-

control study. J Clin Periodontol. 2005;32(3):260-

5.

 30. Artun J, Kokich VG, Osterberg SK. 

Long-term effect of root proximity on periodontal 

health after orthodontic treatment. Am J Orthod 

Dentofacial Orthop. 1987;91(2):125-30.

 31. Tarnow DP, Magner AW, Fletcher P. 

The effect of the distance from the contact point 

to the crest of bone on the presence or absence 

of the interproximal dental papilla. J Periodontol. 

1992;63(12):995-6.

 32. Zachrisson BU. Interdental papilla 

reconstruction in adult orthodontics. World J 

Orthod. 2004;5(1):67-73.

 33. Arman A, Cehreli SB, Ozel E, Arhun 

N, Cetinsahin A, Soyman M. Qualitative and 

quantitative evaluation of enamel after various 

stripping methods. Am J Orthod Dentofacial 

Orthop. 2006;130(2):131 e7-14.

 34. Zhao BJ, Wu HM. Enamel surface 

roughness after interproximal enamel reduction 

with different methods in vitro. Shanghai Kou 

Qiang Yi Xue. 2011;20(1):51-4.

 35. Grippaudo C, Cancellieri D, Grecolini

ME, Deli R. Comparison between different 

interdental stripping methods and evaluation 

of abrasive strips: SEM analysis. Prog Orthod. 

2010;11(2):127-37.

 36. Radlanski RJ, Jager A, Zimmer B, 

Schwestka R, Bertzbach F. The results of 

scanning electron microscopy research on 

interdental stripping in vitro. Fortschr Kieferorthop.

1989;50(4):276-84.

 37. Gupta P, Gupta N, Patel N, Gupta R, 

Sandhu GS, Naik C. Qualitative and quantitative 

evaluation of enamel after various post-stripping 

polishing methods: an in vitro study. Aust Orthod 

J. 2012;28(2):240-4.



110

ว.ทันต.มศว ปีที่ 15 ฉบับที่ 2 พ.ศ. 2565

 38. Radlanski RJ, Jager A, Schwestka R, 

Bertzbach F. Plaque accumulations caused by 

interdental stripping. Am J Orthod Dentofacial 

Orthop. 1988;94(5):416-20.

 39. Radlanski RJ, Jager A, Zimmer B. 

Morphology of interdentally stripped enamel one

year after treatment. J Clin Orthod. 1989;23(11):

748-50.

 40. Selwitz RH, Ismail AI, Pitts NB. Dental 

caries. Lancet. 2007;369(9555):51-9.

 41. Jarjoura K, Gagnon G, Nieberg L. 

Caries risk after interproximal enamel reduction. 

Am J Orthod Dentofacial Orthop. 2006;130(1):26-

30.

 42. Koretsi V, Chatzigianni A, Sidiropoulou 

S. Enamel roughness and incidence of caries 

after interproximal enamel reduction: a systematic

review. Orthod Craniofac Res. 2014;17(1):1-13.

 43. Zachrisson BU, Minster L, Ogaard 

B, Birkhed D. Dental health assessed after 

interproximal enamel reduction: caries risk in 

posterior teeth. Am J Orthod Dentofacial Orthop. 

2011;139(1):90-8.

 44. Danesh G, Podstawa PKK, Schwartz 

CE, Kirschneck C, Bizhang M, Arnold WH. 

Depth of acid penetration and enamel surface 

roughness associated with different methods 

of interproximal enamel reduction. PLoS One. 

2020;15(3):e0229595.

 45. Ben Mohimd H, Kaaouara Y, Azaroual 

F, Zaoui F, Bahije L, Benyahia H. Enamel protection

after stripping procedures: An in vivo study. Int 

Orthod. 2019;17(2):243-8.

 46. Zach L, Cohen G. Pulp Response to 

Externally Applied Heat. Oral Surg Oral Med Oral 

Pathol. 1965;19:515-30.

 47. Baysal A, Uysal T, Usumez S. 

Temperature rise in the pulp chamber during 

different stripping procedures. Angle Orthod. 

2007;77(3):478-82.

 48. Sehgal M, Sharma P, Juneja A, 

Kumar P, Verma A, Chauhan V. Effect of different 

stripping techniques on pulpal temperature: 

in vitro study. Dental Press J Orthod. 2019;24(1):

39-43.

 49. Banga K, Arora N, Kannan S, Singh 

AK, Malhotra A. Evaluation of temperature rise 

in the pulp during various IPR techniques-an 

in vivo study. Prog Orthod. 2020;21(1):40.

ติดต่อบทความ

อ.ทญ.พิมพ์สิริ กันต์พิทยา

ภาควิชาทันตกรรมจัดฟัน คณะทันตแพทยศาสตร์ 

จุฬาลงกรณ์มหาวิทยาลัย 

ถนนอังรีดูนังต์ แขวงวังใหม่ เขตปทุมวัน กรุงเทพฯ

10330 

โทรศัพท์ 081 644 4500, 02 218 8930

อีเมล์:  Pimsiri.K@chula.ac.th

Corresponding

Dr. Pimsiri Kanpitttaya

Department of Orthodontics, Faculty of Dentistry, 

Chulalongkorn University, Henri-Dunant Road, 

Wangmai, Pathumwan, Bangkok 10330

Tel: +66 81 644 4500, +66 2 218 8930

E-mail: pimsiri.K@chula.ac.th

Received Date: Apr 23, 2021

Revised Date: Aug 17, 2021

Accepted Date: Jan 27, 2022




