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Pain and removal force associated 
with bracket debonding: a clinical 
study

Objective: Pain is a problem during bracket removal, and more comfortable 
treatment is needed. This study examined the association of pain with the 
removal force required for ceramic brackets, compared with metal and plastic 
brackets, to determine which removal method resulted in less pain and 
discomfort. Methodology: 81 subjects (mean age, 25.1 years; 25 males and 
56 females) were enrolled, from whom 1,235 brackets (407 ceramic, 432 
plastic, and 396 metal) were removed. Measured teeth were distinguished at 
six segments. Pain was measured with a visual analogue scale (VAS) during 
the removal of each bracket. An additional grip was placed on the grips of 
debonding pliers with right-angled beaks; a mini loading cell sensor pinched 
by the grips was used to measure removal force during debonding. VAS and 
force values were statistically analyzed. The Kruskal–Wallis test followed 
by the Mann–Whitney U test with Bonferroni correction were performed 
for multiple comparisons; multiple regression analysis was also performed. 
Results: Forces in the upper and lower anterior segments were significantly 
smaller (p<0.05) than those in the other segments. Pain tended to be greater 
in the upper and lower anterior segments than in the posterior segments. 
In all segments, the removal force was greater for metal brackets than for 
plastic or ceramic brackets. Ceramic brackets caused significantly greater pain 
than plastic brackets for the upper and lower anterior segments. Debonding 
force was involved in the brackets, following adjustments for pain, upper 
left segment, age, and sex. Conclusions: Pain and discomfort are likely to 
occur during bracket debonding.

Keywords: Dental debonding. Orthodontic brackets. Bond force dental 
cement.
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Introduction

Ceramic brackets have been used as an aesthetic 

option in treatment of both adults and adolescents. 

Although ceramic brackets are aesthetically superior 

to other types, they are more difficult to remove by 

orthodontists and cause more discomfort for patients 

in the clinic. The increased fracture incidence and 

complicated debonding process of alumina ceramic 

brackets are problematic because brackets are 

mechanically strong but brittle.1,2 Alexopoulou, et al.3 

(2020) reported that the mechanical properties of 

alumina brackets are inferior after intraoral exposure. 

Single-crystal and polycrystalline brackets share 

an equal mechanical Martens hardness and elastic 

modulus, but the single-crystal type is more brittle.3

Many researchers have studied pain during bracket 

removal.4-9 Williams and Bishara10 (1992) conducted 

a pilot study of 15 patients to investigate the level 

and direction of force that could be tolerated during 

debonding. Torsional forces were very poorly tolerated, 

and less than 100 g of force could be applied before 

discomfort was experienced; intrusion forces were 

relatively well tolerated, with a discomfort threshold 

of 934 g. Teeth mobility reduced the discomfort 

threshold. Mangnall, et al.11 (2013) investigated the 

effect of a pain score during debonding with/without a 

wafer. They observed a relationship between pain and 

the debonding segment; moreover, they found that 

pain in the upper right posterior segment was relatively 

high because it was the first segment removed and the 

operator had to rotate their hand position. 

To the best of our knowledge, few quantitative 

studies have been performed concerning the 

relationship between discomfort and ceramic bracket 

removal force. In addition, it is unknown whether 

the pain threshold decreases after the first segment 

is removed. This study examined the associations of 

pain with removal forces of ceramic, metal, and plastic 

brackets. It also tested a removal method with less 

pain and discomfort. The hypothesis is that there is 

no difference in pain perception/discomfort or removal 

force among brackets.

Methodology

Ethical approval (EP-18D004) was obtained 

from the Nihon University School of Dentistry Ethics 

Committee. The sample size (≥289 brackets) was 

calculated by setting a 95% confidence interval and 

80% power value, using the mean and standard 

deviation discomfort threshold values (900.0±184.1 

grams in males and 855.0±201.1 grams in females) 

during debonding reported by Williams and Bishara10 

(1992). Eighty-one patients (25 males aged 25.8±9.3 

years, 422 brackets; and 56 females aged 24.7±8.5 

years, 813 brackets) were selected (Tables 1 and 2). 

In many patients, different brackets (e.g., ceramic 

brackets on anterior teeth and metal brackets on 

premolars were worn) were used for the same patient. 

The inclusion criteria were the need for bracket removal 

and provision of informed consent, wearing brackets 

bonded with the adhesives described below, and good 

general health. The exclusion criteria were absence 

of caries, fillings, periodontal disease, hypoplasia in 

bracket-removed surfaces, medical history of chronic 

diseases, and chronic self-medication, especially with 

anxiolytic drugs.

The measured teeth were distinguished into six 

segments (Figure 1): the anterior segments included 

the central and lateral incisors, while the posterior 

segments included the canines, first premolars, and 

second premolars. The brackets were first removed 

from the lower left posterior segment, followed 

by the lower anterior (LA), lower right posterior, 

upper left posterior, upper anterior (UA), and upper 

right posterior segments, in that order. An operator 

instructed the patients to draw a perpendicular line on 

a visual analogue scale (VAS) to denote the intensity 

of pain after each bracket was removed. The VAS 

consisted of a 100-mm line labelled at the extremes 

with ‘no pain’ and a happy face and ‘maximum 

pain during orthodontic treatment’ and a sad face 

(Figure 2). The distance from the zero point to the 

Subjects 
(number)

Brackets 
(number)

Age (years) Treatment 
duration (months)

Mean SD Mean SD

Male 25 422 25.8 9.3 45.0 16.0 

Female 56 813 24.7 8.5 39.7 20.7 

Total 81 1235 25.1 8.7 41.3 19.6

Table 1- Subjects number, age and treatment duration

Ceramic Plastic Metal Total

Number 407 432 396 1235

Total number of 
subjects

43 50 70 163

Table 2- Detail of brackets
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perpendicular line was measured and taken to indicate 

pain severity. All removal force and VAS measurements 

were obtained by one operator (N.N).

Some studies have reported removal forces 

determined in vivo using various bracket removal 

tools.12-15 In the present study, a modified right-angled 

beak bracket-removing plier, which has an additional 

grip, was used for measuring the removal forces. A 

mini loading cell sensor pinched by the grips measured 

the force squeezing the grips during debonding (Figure 

3). The squeezing force applied to the plier, which 

pushes the sensor, is translated by the bracket removal 

force, F1, and the measured squeezing force, F2, is 

given as follows:16

F1M1 = F2M2

Then,

F1 = F2M2 / M1

Where M1 and M2 are the moment arms in Figure 3. 

Bracket removal force was compared between 

the force obtained from the debonding pliers with 

an attached sensor and the force obtained from a 

universal testing machine (as a pilot test) before 

measuring the samples. Briefly, 16 metal brackets 

(mesh brackets; Tomy International, Tokyo, Japan) 

were bonded to bovine teeth with a light-curing 

bonding agent (Light Bond sealant with fluoride, 

Reliance Orthodontic Products, Itasca, IL, USA) 

followed by adhesive paste (Transbond XT light cure 

adhesive paste, 3M Unitek, Minneapolis, MN, USA), and 

the specimens were stored in distilled water at 37°C. 

After 24 hours, the debonding force of each of the eight 

bonded brackets was measured with the debonding 

pliers with an attached sensor and the universal 

testing machine under the shear mode condition with 

a crosshead speed of 1 mm/min. 

During the standardized in vivo debonding 

procedure, the teeth were adjunctively seated in the 

direction of the tooth axis during bracket removal 

because mobility of the teeth reduces the discomfort 

Figure 1- Allocation of the teeth. Arrows indicate the order of bracket removal

Figure 2- The visual analogue scale (VAS) used in this study. Patients 
drew a perpendicular line somewhere along the VAS according to the 
intensity of the pain felt

Figure 3- Debonding pliers. A sensor was located between the grip of the 
pliers and the additional grip
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threshold;17 the tip on the gingival side of the plier was 

used to hold the bracket base, and the tooth crown was 

held with cotton wool and the operator’s fingers to fix 

it in the axial direction as the grips of the plier were 

squeezed for bracket removal. The brackets removed 

from the teeth were of three types: ceramic (InVu, TP 

Orthodontics, Warsaw, IN, USA), plastic (ortho Esta 

MB, Tomy International), and metal (Mesh brackets, 

Tomy International). All brackets (total of 1,235 

brackets; 407 ceramic, 432 plastic, and 396 metal) 

were bonded with a light-curing bonding agent (Light 

Bond sealant with fluoride) and adhesive paste (Light 

Bond light cure adhesive paste or Transbond XT light 

cure adhesive paste).

Statistical analysis
The VAS and force value results were analysed with 

IBM SPSS Statistics, version 23 (IBM Corp., Armonk, 

NY, USA). The Kolmogorov–Smirnov and Levene tests 

were used to verify the normality and homogeneity of 

the variance. The t-test was used to compare removal 

forces from the pilot test. The Kruskal–Wallis test 

followed by the Mann–Whitney U test with Bonferroni 

correction was performed for multiple comparisons 

because the VAS results were not normally distributed. 

Multiple regression analysis was performed after 

logarithmic transformation of the VAS results. P-values 

< 0.05 were considered statistically significant.

Results

Pilot test removal force
Mean removal forces ± standard deviations were 

146.54±42.56 N with the universal testing machine 

and 149.05±54.32 N with the debonding pliers 

Figure 4- Box-and-whisker plots of removal forces and pain for each segment. In boxes with bars, maximum, first quartile, median, third quartile, and minimum 
values are indicated in order from the top. Cross mark indicates average value. Different letters between segments indicate a significant difference (p<0.05). 
Forces were significantly smaller on upper and lower anterior segments than on other segments

Figure 5- Box-and-whisker plots of removal forces and pain for each bracket. The elements of the box plot are identical to the elements in Figure 4. Different 
letters between bracket groups indicate a significant difference (p<0.05). The debonding force was significantly higher for the metal bracket than for other 
brackets

Pain and removal force associated with bracket debonding: a clinical study
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(F-value=0.229, effect size r=0.020, d=0.031). 

Multiple comparisons
Before applying the Bonferroni multiple comparison 

test, removal forces and pain were compared between 

the sexes using the Mann–Whitney U test. No 

significant difference was observed in force or pain 

(males: 171.4±121.7 N and 11.5±15.0 mm; females: 

172.4±119.1 N and 13.5±19.8 mm, respectively). 

Removal forces and pain during debonding among 

the segments are shown in Figure 4. Forces were 

significantly smaller in the UA and LA segments than 

in other segments. Pain tended to be greater in the 

UA and LA segments than in the posterior segments. 

The forces, pain, and types of brackets are shown in 

Figure 5. The removal force was the greatest for metal 

brackets, followed by plastic and ceramic brackets; 

pain from ceramic brackets was the highest, compared 

to the other brackets.

Forces and pain according to the types of brackets 

in each segment are shown in Table 3. In all segments, 

the removal forces of metal brackets were higher than 

the removal forces of plastic and ceramic brackets. 

Pain in the LA and UA segments was significantly 

greater for ceramic brackets than for plastic brackets. 

The pain was not dependent on bracket type in any of 

the posterior segments. Force and pain data in the LA 

and UA segments are shown in Table 4. No significant 

difference was observed between the incisors, in the 

force or VAS pain score, in any segment.

Multiple regression analysis
We performed multiple regression analysis and 

interpreted the force factor as a dependent variable. 

The correlation coefficient (Table 5) was 0.653, and 

this result was indicated by predictors of (constant), 

metal bracket, ceramic bracket, UL segment, 

logarithmic VAS, sex, and age. Simultaneously, a 

significant difference (p<0.05) in analysis of variance 

was observed. The variance inflation factor values 

were small, and no collinearity was observed (Table 6). 

Therefore, the debonding force was predicted by the 

bracket type, upper left posterior segment, logarithmic 

VAS, sex, and age.

Discussion

Removal forces significantly differed among the 

brackets used in this study. Thus, the hypothesis made 

before conducting the study was rejected. The base of 

the ceramic brackets used in this study was composed 

of a thick layer of plastic.18 Generally, bond fracture 

occurs where the bonding layer is grasped with the 

tip of the remover. Therefore, stress is applied to the 
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adhesive itself, as well as the interface between the 

adhesive and the brackets or teeth. The base of the 

ceramic brackets used in this study was more easily 

grasped with the tip of the removal plier. As a result, 

the removal forces acting on the ceramic brackets 

were the smallest among all brackets used. However, 

pain was greatest during removal of ceramic brackets. 

This may be due to the impact that occurs during the 

removal of the bracket, in addition to the way in which 

the bracket is grasped. Using metal or plastic brackets, 

it is difficult to grasp the thin bracket base or adhesive 

layer, and the bracket body continues to be squeezed 

until bond destruction occurs. In the case of ceramic 

brackets, removal force is applied to the bracket base 

instantaneously. Therefore, although the impact during 

removal varies depending on material properties, such 

as stiffness, the impact during removal of the ceramic 

brackets used in this study, which had a harder plastic 

base than the plastic brackets, was presumably the 

source of the greater discomfort.

Moreover, the pain that patients experienced during 

orthodontic treatment was set as the maximum VAS 

value during debonding in this study; thus, most 

VAS values during removal were less than 25% of 

the maximum pain during orthodontic treatment and 

it was found the pain of removal was considerably 

lower than the pain that patients experienced during 

orthodontic treatment. In a previous study19 comparing 

orthodontic aligners and fixed appliances, pain 

intensity was similar for all time points at which pain 

was recorded. In another previous study investigating 

the pain caused by orthodontic appliances, a mean VAS 

pain score of ~40% was reported, and pain reached a 

peak after a few days.20,21 According to these findings, 

pain perception during bracket removal is mild and 

transient, which is clinically irrelevant. 

Also, we did not distinguish between pain and 

discomfort, because we considered the subtle 

difference between those constructs would not be 

detected with the VAS. Some patients may not 

perceive pain during debonding. In the case of 

mild pain, perception thereof may be “converted” 

by other factors, such as anxiety, into discomfort. 

It should also be noted gender, age, and daily life 

activities are considered to affect perceptions of 

pain and discomfort.22 Physical complaints and 

psychological factors, such as cognition, socialization, 

and personality, have also been reported to be affected 

by increased pain.23 Mendonca, et al.21 (2020) reported 

that anxious patients had higher pain levels during the 

initial phase of orthodontic treatment. Thus, anxiety 

is a key aspect of pain perception, and any kind of 

communication that eliminates anxiety could also 

affect pain perception during removal of brackets. 

In this study, the force during debonding was 

Force (N) VAS (mm)

Median Mean SD Median Mean SD

Lower

Left lateral incisor 121.6 127.0 74.5 6.83 12.5 17.4 

Left central incisor 121.6 133.2 93.6 8.8 15.6 18.5 

Right central incisor 121.6 136.8 88.4 9.45 18.1 22.7 

Right lateral incisor 121.6 148.6 98.2 7.71 14.2 21.7 

Upper

Left lateral incisor 121.6 128.1 81.4 9.59 17.7 20.1 

Left central incisor 145.9 146.2 86.8 9.93 16.9 20.6 

Right central incisor 121.6 132.4 87.2 7.04 15.3 19.4 

Right lateral incisor 121.6 132.5 85.4 7.97 15.4 19.0

SD: Standard deviation.						    
No significant differences were detected between the incisors for force and VAS respectively.	

Table 4- Force (N) and VAS score in incisors

Model R R2 Adjusted R2 Standard error of 
the estimate

1 0.612a 0.375 0.374 93.969 

2 0.636b 0.405 0.404 91.743 

3 0.643c 0.413 0.411 91.153 

4 0.648d 0.420 0.418 90.664 

5 0.650e 0.423 0.420 90.467 

6 0.653f 0.427 0.423 90.214

aPredictors: (constant), metal bracket.
bPredictors: (constant), metal bracket, ceramic bracket.
cPredictors: (constant), metal bracket, ceramic bracket, UL segement.
dPredictors: (constant), metal bracket, ceramic bracket, UL segement, 
logarithmic VAS.
ePredictors: (constant), metal bracket, ceramic bracket, UL segement, 
logarithmic VAS, sex.
fPredictors: (constant), metal bracket, ceramic bracket, UL segement, 
logarithmic VAS, sex, age.

Table 5- Model summary

Pain and removal force associated with bracket debonding: a clinical study
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expressed indirectly as the force detected by a sensor 

on the grip of the pliers. The actual shearing force of 

the bracket was calculated from the distances between 

the fulcrum and the points of effort and load. Horiuchi, 

et al. 16 (2009) reported a comparison between 

orthodontic adhesives by converting force at the plier 

grips to bond strength. No significant differences in 

removal force were observed between the universal 

testing machine and the pliers during the comparative 

pilot test in our study. The data distributions of each 

group overlapped broadly because of extremely small 

effect sizes. Therefore, the force detected at the grips 

was converted to bond force even if the values may 

be identical. 

Bond strengths of orthodontic adhesives have been 

reported to range from 3.96 to 20.1 MPa in vivo24 

and from 3.50 to 27.76 MPa in vitro.25 In this study, 

when the debonding force was converted using the 

bracket base area and distances between the fulcrum 

and the points of effort and load, the mean bond 

strengths ranged from 5.28 to 9.00 MPa. Considering 

the adhesive aging,26 the bond strength of the ceramic 

brackets (InVu brackets) was similar to the results in 

a previous study in which the same ceramic brackets 

were used.18, 27 The tip of the removing pliers held the 

bracket body, rather than the thin bracket base or 

adhesive layer, when the metal and plastic brackets 

were debonded. Therefore, the debonding force 

presumably exhibited greater enhancement for the 

ceramic bracket. 

The first removing segment was not the most 

painful in this study (Figure 4). Although bracket 

removal began with the lower left posterior segment 

in all patients, greater pain tended to be experienced 

at the UA and LA segments. Mangnall, et al.11 (2013) 

reported the initiation of debonding at the upper right 

posterior segment; the pain value in that segment 

was 18%. The lowest pain value was 6% in both the 

upper and lower posterior segments, while the greatest 

pain value was 39% in the LA segment. In our study, 

pain was higher in the anterior segment, although the 

debonding force was lower.

The predicted debonding force was derived from 

multiple regression analysis. The results showed that, 

among potential predictive factors (bracket type, pain, 

upper left posterior segment, age, and sex), the main 

predictive factor was the bracket type, for which the 

coefficient was greatest. Holding the bracket-removing 

pliers with right-angled beaks to the left side of the 

segment was easier than holding those pliers to the 

right side of the segment. This is presumably because 

the debonding force was more appropriate in the upper 

left segment than in other segments.

In a study involving multiple regression analyses, 

Mangnall, et al. 11 (2013) reported that the wafer group 

had significantly less pain during debonding of the 

upper posterior and lower posterior teeth. Debonding 

with a wafer prevented impact; debonding with a 

similarly effective, intrusive, stabilising force could also 

be achieved by using a cotton wool roll.11 Williams and 

Bishara10 (1992) stated that the type of force applied 

affects the threshold for discomfort: intrusive forces 

were tolerated best, while torsional forces were poorly 

tolerated. In our study, it was difficult to use debonding 

pliers with a wafer holding the lower anterior teeth, 

because the tip of the pliers struck the gingiva and held 

the wafer. Therefore, stabilisation during debonding 

was achieved by holding a small amount of cotton wool 

between the orthodontist’s fingers.

This study found removal of plastic brackets was 

associated with less discomfort than removal of 

ceramic brackets. However, considering the poorer 

quality of plastic brackets, the comparison may not be 

of clinical significance. Debonding brackets may induce 

Unstandardized coefficient Standardized 
coefficient

Collinearity statistics

model B Standard error beta t P value Tolerance VIF

(constant) 122.234 10.662 11.464 0

metal 136.71 7.124 0.537 19.19 0 0.719 1.39

ceramic -51.943 6.979 -0.208 -7.442 0 0.719 1.39

UL segment -30.833 8.675 -0.086 -3.554 0 0.972 1.029

logarithmic VAS 6.981 1.836 0.092 3.803 0 0.956 1.046

sex -16.543 6.039 -0.067 -2.74 0.006 0.95 1.052

age 0.898 0.347 0.063 2.591 0.01 0.956 1.046

VIF:Variance inflation factor

Table 6- Coefficient

NAKADA N, UCHIDA Y, INABA M, KAETSU R, SHIMIZU N, NAMURA Y, MOTOYOSHI M
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to only mild pain and considering that this sensation 

is temporary as described above, the decision to use 

a specific type of bracket should rely on required 

mechanics and patients’ expectation regarding 

aesthetics and costs rather than in pain perception 

for removal. Thus, the differences in pain between 

ceramic and plastic brackets debonding may not be 

clinically significant. 

Reports of significant differences in pain coexist 

with others reporting no significant differences.22 

Regarding age, although it is not possible to compare 

studies because of differences in experimental designs, 

Brown and Moerenhout28 (1991) reported  adolescents 

were more vulnerable to the undesirable psychological 

effects of treatment and had higher levels of pain 

than both younger and older patients. Scheurer, et 

al.22 (1996) similarly stated their middle age group 

(13–16 years) had the highest pain frequency during 

orthodontic therapy. Moreover, the types of brackets 

compared has been limited, and a limitation of this 

study was that sex and age group differences in tooth 

substances and bracket types were not investigated.

Conclusion

Within the limitations of the current study, the 

following conclusions can be drawn: 

Pain was not associated with debonding order and 

was not dependent on bracket type in any posterior 

segment.

Forces were significantly smaller in the upper and 

lower anterior segments than in other segments. Pain 

was greater in the upper and lower anterior segments 

than in the posterior segments. 

Ceramic brackets required less removal force than 

plastic brackets, but greater pain was detected in the 

upper and lower incisors.
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