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Abstract

The aim of this study is to determine the relationship between the severity
of crowding, the need of the interproximal enamel reduction (IPR, stripping),
and the number of moved teeth.

One hundred and twenty-seven patients aged from 18 to 62 years, of whom
99 (78%) women and 28 (22%) men in need of active orthodontic treatment
were included in the study. All patients underwent orthodontic treatment with
DENT@LIGN digital aligners on etsablished protocol. The severity of crowding
and the amount of IPR were measured.

The stripping is coded in six groups, based on amount (≤ 1 mm; 1.1 to
2.0 mm; 2.1 to 3.0 mm; 3.1 to 4.0 mm; 4.1 to 5.0 mm, and greater than 5.1),
and the crowding in four groups: no crowding; mild crowding (0.1 mm to 3.0
mm); moderate crowding (3.1 mm to 7.0 mm); severe crowding (over 7.1 mm).

The Spearman test showed a significant positive correlation between strip-
ping size and crowding severity in both jaws. In the upper jaw the correlation
coefficient is rs = 0.430, p < 0.001. In the lower jaw, the correlation coefficient
was higher (rs = 0.514), p < 0.001.

The results of the Pearson test showed a direct proportional relationship
between the number of teeth in need of movement and the size of stripping in
the upper and lower jaws.

Based on the number of moved teeth, the size of the stripping can be
predicted by the following formulas: Upper jaw stripping (mm) = −0.3891 +
0.1711× Number of moved teeth, with predictive value of R-square = 17.2%;
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Lower jaw stripping (mm) = −0.8965+ 0.2773× Number of teeth moved, with
predictive value of R-square = 28.1%.

Key words: aligners, crowding, orthodontics, interproximal enamel re-
duction

Introduction. Interproximal enamel reduction (IPR, stripping) is a pro-
cedure, part from the orthodontic treatment that includes reduction, anatomical
reconstruction and protection of the approximal enamel surfaces in permanent
teeth. With this method we get space in the dental arch and support a solution
for non-extraction treatment for correction of mild to moderate crowding (up to 7
mm) as an alternative to extraction treatment or/and expansion. The tooth-size
discrepancy according to Tonn and Bolton is decreased, and the discrepancy be-
tween the tooth size and dental arch perimeter is reduced [1,2]. It allows aesthetic
reshaping of the teeth and normalization of the gingival contour with the elim-
ination of triangular spaces as prevention and treatment of interdental gingival
recessions [3,4].

The use of IPR in the aligner treatment has several advantages. The me-
chanics of these appliances allows full control of the anchorage, the soft tissues are
protected, the labial and lingual surfaces of the teeth are protected, too. Only the
approximal surfaces are treated, through access provided by preliminary separa-
tion. The treatment time is reduced and the quality of the treatment is improved.
The treatment is also aesthetical and with possibility for complete fluoride pro-
phylaxis. At any moment the intercuspidation and the midline are controlled, the
distance from the contact point to the bone is easily measured [5,6].

Proper IPR procedure includes 4 main stages:
– Reduction of interproximal enamel
– Reshaping of the tooth surface
– Polishing
– Remineralization
The aim of the present study is to determine the relationship between the

crowding severity, the amount of interproximal enamel reduction (IPR, stripping)
and the number of moved teeth.

Materials and methods. The study included 127 patients aged from 18 to
62 years, of whom 99 (78%) women and 28 (22%) men in need of active orthodontic
treatment. All patients underwent orthodontic treatment with DENT@LIGN
digital aligners. Casts before and after treatment were observed. A biometric
analysis, a virtual set up and a treatment plan were made, which determine the
number of teeth to be moved. The severity of crowding and the amount of IPR
were measured.

The stripping is coded in six groups, based on the amount (≤ 1 mm; 1.1 to
2.0 mm; 2.1 to 3.0 mm; 3.1 to 4.0 mm; 4.1 to 5.0 mm, and greater than 5.1),
and the crowding in four groups: no crowding – without lack of space; with mild
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crowding – lack of space from 0.1 mm to 3.0 mm; with moderate crowding – lack
of space from 3.1 mm to 7.0 mm; with severe crowding – lack of space over 7.1
mm.

The relationship between the severity of the crowding and the amount of the
IPR in both the upper and lower jaw was assessed by the Spearman test.

To investigate the relationship between crowding severity, the amount IPR,
and the number of moved teeth, a correlation analysis was performed that was
consistent with the type of data. To analyze ordinal data, we used the Spearman
rank-order correlation test and the Pearson r correlation test for data measured on
a continuous scale. The correlation coefficients are interpreted against the Cohen
reference values (Cohen, 1988) as follows:

◦ very high/high correlation: ± (0.70–1)
◦ high/high correlation: ± (0.50–0.69)
◦ medium/moderate correlation: ± (0.30–0.49)
◦ low/low correlation: ± (0.10–0.29).
Results. The results of the Spearman test on the correlation between the

stripping and the severity of the crowding in the upper and lower jaw are sum-
marized in Table 1. A significant positive correlation was observed in both jaws.
In the upper jaw, the correlation coefficient is rs = 0.430, which according to
Cohen’s reference intervals indicates a moderate correlation between the amount
of the stripping and the severity of crowding, p < 0.001. In the lower jaw, the
correlation coefficient has a higher value (rs = 0.514), meaning that there is a
high correlation between the stripping and the severity of crowding, p < 0.001.

T a b l e 1

Correlation between the stripping and the severity of crowding in the upper and lower
jaw

Value Statistics Severity of the cases
in the upper jaw

Severity of the cases
in the lower jaw

Stripping in the Coefficient rs 0.430 –
upper jaw Significance (p) 0.000∗∗ –
Stripping in the Coefficient – 0.514
lower jaw Significance (p) – 0.000∗∗

The relationship between the severity of the crowding and the amount of the
IPR in the upper jaw is presented in Fig. 1а. Statistically significant correlation
can be explained by the following two main trends: 1) The highest percentage
of cases without stripping (84%) is in the group of patients without crowding.
There are very few cases of stripping in the same group and they are completely
absent in the last two groups – > 3−4 and > 5−6 mm. 2) In patients with severe
crowding, no cases without stripping were observed and the highest percentage of
cases with stripping was reported in the groups – > 2−3 and > 3−4 mm.
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Fig. 1. Distribution of patients according to the severity of the crowding and the amount of the
applied stripping: a) in the upper jaw; b) in the lower jaw

The following trends are outlined in the lower jaw (Fig. 1b): 1) In patients
without crowding, the highest percentage of cases without stripping is observed
(89%), and the remaining 11% are in the lowest amount category ≤ 1 mm. 2) In
patients with severe crowding, no cases without stripping were observed. 3) Most
cases of larger amounts of stripping are found in patients with moderate crowding.

The results of the Pearson test on the correlation between stripping and the
number of displaced teeth in the upper and lower jaw are summarized in Table 2.
There is a significant positive correlation between the size of the stripping (mm)
and the number of teeth moved in the upper and lower jaw. A moderate positive
correlation was observed in the upper jaw (r = 0.430, p < 0.001), which indicates
a systemic correlation between the amount of stripping and the number of moved
teeth. Higher amounts of stripping are associated with a greater number of moved
teeth. In the lower jaw there is a high positive relationship between the amount
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of the stripping and the number of moved teeth (r = 0.530, p < 0.001). Patients
with more displaced teeth are associated with greater amount of stripping (mm).

T a b l e 2

Correlation between stripping and the number of moved teeth in the upper and lower jaw

Value Statistics Number of aligned teeth
in the upper jaw

Number of aligned teeth
in the lower jaw

Stripping in the Coefficient rs 0.415 –
upper jaw Significance (p) 0.000∗∗ –
Stripping in the Coefficient – 0.530
lower jaw Significance (p) – 0.000∗∗

To illustrate more accurately the relationship between the size of the stripping
(mm) and the number of moved teeth, dot charts and regression equations have
been compiled, which can be used to predict the size of the stripping depending
on the number of moved teeth (Fig. 2).

In the upper jaw, based on the number of moved teeth, the size of the stripping
can be predicted according to the following formula: Stripping upper jaw (mm)
= −0.3891+ 0.1711× Number of moved teeth in the upper jaw. The formula has
a prognostic value R-square = 17.2%.

Fig. 2. Dot charts and regression equations for the relationship between the amount of the
stripping (mm) and the number of teeth moved in the upper and lower jaw
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In the lower jaw, the prognostic equation is as follows: Stripping lower jaw
(mm) = −0.8965+0.2773× Number of moved teeth in the lower jaw. The equation
has a prognostic value R-square = 28.1%.

Discussion. We use IPR as an alternative method to tooth extraction treat-
ment for the levelling of teeth in the dental arch. The use of IPR has been accepted
as a treatment method and a number of studies have shown that it does not lead to
an increased risk of caries. Zachrisson et al. [4] found no evidence that enamel
reduction within certain limits leads to a violation of tooth integrity and suggested
that it does not damage tooth structures [4,7, 8]. Zheng [9] demonstrates that IPR
reduces the severity of periodontal risks after orthodontic treatment, shortens the
duration of treatment, improves aesthetics, prolongs the life of the dentition [9].
According to the research of Jarjoura et al. [10] the IPR technique does not
lead to increased caries risk [4,10,11]. In general, the relative proportion of patients
with lower jaw stripping is higher according to studies [9–11].

One of the main problems in orthodontics is the lack of space to arrange the
teeth in the dental arch. In non-growing patients, the expansion of the dental arch
in the area of the canines as a treatment method of crowding, has an unstable
result and prognosis and requires lifelong retention with a fixed retainer [11,12].
An alternative for creating space in the dental arch without changing its width
and perimeter is the application of IPR [11,13–15].

Our analysis includes regression graphs, regression equations and values of the
coefficient of determination R-square. The regression equations present formulas
on the basis of which the amount of the stripping can be predicted from the
number of teeth for which displacement is planned or expected.

Conclusion. Based on the moved teeth, we can predict the amount of the
stripping with an accuracy of 17.2% in the upper jaw and 28.1% in the lower. The
remaining percentages are due to other factors, such as the severity of crowding
and individual characteristics of the patients.

The treatment management with DENT@LIGN aligners in patients with dif-
ferent severity of malocclusion allows predictable and controlled treatment.

REFERENCES

[1] Echarri P. (2013) Clear Aligner, 1st Edition, Madrid, 201–228.
[2] Livas C., A. Jongsma, Y. Ren (2013) Enamel reduction techniques in orthodon-

tics: A literature review, Open Dent. J., 7, 146–151.
[3] Hellak A., N. Schmidt, M. Schauseil, S. Stein, T. Drechsler et al. (2016)

Influence of Invisalign treatment with interproximal enamel reduction (IER) on bone
volume for adult crowding: A retrospective three-dimensional cone beam computed
tomography study, BMC Oral Health, 16, 83.

1462 M. Dinkova



[4] Zachrisson B. U., L. Minster, B. Ogaard, D. Birkhed (2011) Dental health
assessed after Interproximal enamel reduction: caries risk in posterior teeth, Am. J.
Orthod. Dentofacial Orthop., 139, 90–98.

[5] Sheridan J. J. (1985) Air-rotor stripping, J. Clin. Orthod., 19, 43–59.
[6] Tai S. (2018) Clear aligner technique, Quintessence Publishing Co., 87–94.
[7] Yee J. A., T. Turk, S. Elekdag-Turk, L. Cheng, M. A. Darendeliler

(2009) Rate of tooth movement under heavy and light continuous orthodontic forces,
Am. J. Orthod. Dentofacial Orthop., 136(2), 150, discussion 150–151.

[8] Zachrisson B. U. (2004) Interdental papilla reconstruction in adult orthodontics,
World J. Orthod., 5, 67–73.

[9] Zheng X. (2010) Use of Interproximal enamel reduction in adult malocclusion pa-
tients with periodontitis, Shanghai Kou QiangYI Xue, 19, 485–489.

[10] Jarjoura K., G. Gagnon, L. Nieberg (2005) Caries risk after interproximal
enamel reduction, Am J. Orthod. Dentofac. Orthoped., 130, 26–30.

[11] Schupp W., J. Haubrich (2015) Aligner Orthodontics Diagnostics, Biomechanics,
Planning and Treatment, Quintessence Publishing Co., 49–56.

[12] Dimova-Gabrovska M. (2019) Algorithm for Computerized Analysis of Static,
Dynamic and Functional Occlusion in Patients with Bruxism and Bruxomania, C.
R. Acad. Bulg. Sci., 72(2), 259–266.

[13] Duncan L. O., L. Piedade, M. Lekic, R. Cunha, W. Wiltshire (2016)
Changes in mandibular incisor position and arch form resulting from Invisalign cor-
rection of the crowded dentition treated nonextraction, Angle Orthod., 86, 577–583.

[14] Lapenaite E., K. Lopatiene (2014) Interproximal enamel reduction as a part of
orthodontic treatment, Stomatologija, 16, 19–24.

[15] Pindoria J., P. Fleming, P. Sharma (2016) Inter-proximal enamel reduction in
contemporary orthodontics, Br. Dent. J., 221, 757–763.

Department of Orthodontics
Faculty of Dental Medicine
Medical University – Sofia
1 St. Georgi Sofiiski St
1431 Sofia, Bulgaria

e-mail: miroslavadinkova@abv.bg

C. R. Acad. Bulg. Sci., 76, No 9, 2023 1463


