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Objective: The aim of the present study was to evaluate the changes in tooth mobility following orthodontic 
treatment and to obtain information regarding the guideline of retainer wear duration during the post-treat-
ment period. Methods: The sample consisted of twenty patients who had been treated with edgewise 
appliances. The mobility of the maxillary teeth from the central incisor to the first molar was measured bi-
laterally by way of the PeriotestⓇ, a non-invasive, electronic device that provides an objective measurement 
of the reaction of the periodontium to a defined impact load. Tooth mobility was monitored at the time of 
the removal of the orthodontic appliances and subsequently at three-month intervals during the two years 
following appliance removal. Results: Tooth mobility decreased rapidly for the first six months and then de-
creased at a slower rate during the next six months; no statistically significant decrease in mobility was 
observed during the second year following appliance removal. Conclusions: The results of the present 
study suggest that adequate tooth stabilization is critical during the first six months following appliance re-
moval and that continued wearing of retainers is recommended at least until twelve months after the com-
pletion of orthodontic treatment. (Korean J Orthod 2010;40(1):34-39)
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INTRODUCTION 

  One of the most important objectives of orthodontic 

treatment is to achieve a stable occlusion, with the pe-

riodontal ligaments typically returning to their pretreat-

ment dimension after removal of orthodontic forces.1 A 

limited amount of post-treatment change is acceptable 

and often desirable to permit settling of the occlusion. 

Most orthodontic treatment results, however, potentially 

are unstable, and therefore retention is necessary to 

prevent relapse following fixed appliance removal.

  One method to evaluate the periodontal stabilization 

following orthodontic treatment is to assess tooth mo-

bility, which decreases progressively after removal of 

an orthodontic force. Miller2 has proposed a classi-

fication of tooth mobility and has categorized greater 

than normal mobility as scores of 1, 2 and 3. Quanti-

fying such movements objectively and precisely has 
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Fig 1. A, The PeriotestⓇ instrument; B, The PeriotestⓇ handpiece must be held perpendicular to the tooth surface.
The PeriotestⓇ value (PTV) is calculated (e.g., +15) and depicted in the window on the main body of the PeriotestⓇ
instrument. 

been a challenge clinically, however, which has led to 

the development of numerous measuring instruments.3-6 

The use of the PeriotestⓇ, a non-invasive, electronic 

device that provides an objective measurement of the 

reaction of the periodontium to a defined impact load, 

has been reported to be a highly accurate, objective 

and reproducible method of evaluating tooth mobi-

lity.7,8 

  Nakago et al.9 investigated the relative mobility of 

four canines after orthodontic tooth movement using 

the PeriotestⓇ methodology. A major purpose of their 

study, however, was to assess the efficiency and reli-

ability of these instruments for clinical use. Tanaka et 

al.10 investigated the alteration of tooth mobility 

through orthodontic treatment using the PeriotestⓇ in 

83 individuals. They measured the mobility before and 

after orthodontic treatment and after retention, and sug-

gested that the tooth mobility may be one of the useful 

indicators for determination of the duration of the re-

tention period.

  The purpose of the present study was to evaluate the 

changes in tooth mobility using the Periotest
Ⓡ

 protocol 

following orthodontic tooth movement and to obtain 

information regarding the timing and required duration 

of periodontal stabilization during the retention period.

 

MATERIAL AND METHODS

Sample

  Twenty orthodontic patients who had been treated 

with edgewise appliances were used as subjects in this 

study. They were selected regardless of age, sex, or 

treatment modality (e.g., extraction or non-extraction). 

Fifteen patients were treated non-extraction, and five 

patients had extractions as part of their treatment 

regimen. Following active treatment, a removable type 

of retainer, Begg type, was used in the maxillary arch, 

while either a removable retainer or a canine-to-canine 

bonded lingual retainer was used in the mandibular 

arch. The removable retainers were worn on a full-time 

basis for the first six months and subsequently for as 

many hours as possible, including nighttime. 

Methods

  The mobility of the maxillary teeth from the central 

incisor to the first molar was measured bilaterally with 

the PeriotestⓇ instrument (Siemens AG, Bensheim, 

Germany) at three-month intervals. In other words, 

tooth mobility was measured at the time of the re-

moval of the orthodontic appliance, and at 3, 6, 9, 12, 

15, 18, 21, and 24 months following appliance re-

moval. 

  To perform the measurement using the PeriotestⓇ 
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Months

Teeth ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
0 3 6 9 12 15 18 21 24

Central incisor (N = 40)

Mean 21.2 18.8 17.3 17.2 15.9 14.6 13.9 14.0 13.0

SD  5.8  4.4  4.7  5.1  3.6  4.2  4.5  4.1  3.4

Lateral incisor (N = 40)

Mean 16.9 14.4 13.5 12.9 12.3 11.8 11.8 11.6 11.2

SD  4.3  4.5  3.8  3.3  2.7  3.1  3.2  3.0  3.4

Canine (N = 40)

Mean  9.0  7.6  6.2  6.0  5.1  5.1  5.5  5.1  4.5

SD  3.4  2.6  2.5  2.2  1.5  1.9  1.7  1.8  2.0

First premolar (N = 32)

Mean 14.0 11.7  9.6  9.5  9.3  9.3  8.8  8.1  7.8

SD  3.4  3.8  2.9  2.7  3.1  4.1  2.4  1.9  2.0

Second premolar (N = 38)

Mean 14.5 11.7 11.1 10.7 10.3 10.0  9.9  9.5  8.9

SD  5.2  4.6  4.7  4.5  4.8  4.3  4.2  3.8  4.1

First molar (N = 40)

Mean  9.6  8.3  7.9  7.5  7.1  7.4  7.6  7.0  7.1

SD  3.2  4.0  2.9  3.1  2.8  2.9  2.5  2.1  3.4

Total

Mean 14.2 12.1 10.9 10.6 10.0  9.7  9.6  9.2  8.7

SD  4.2  4.0  3.6  3.5  3.1  3.4  3.1  2.8  3.0

PTV indicates the value of the PeriotestⓇ  measurement; SD, Standard deviation.

Table 1. The mean and standard deviation of tooth mobility scores (PTV) of each maxillary tooth according to time
elapsed following appliance removal

Fig 2. Change in tooth mobility following appliance re-
moval at three-month intervals. Note a steep decreas-
ing pattern for the initial six months and a slower de-
crease during the next six months. Values connected 
by the same horizontal line are not significantly differ-
ent at the 5% level.

device, an investigator held a handpiece close to the 

facial surface of the tooth and started the measurement. 

During the procedure, the handpiece was held perpen-

dicular to the long axis of the tooth, and the point of 

impact was the middle of the anatomical crown (Fig 

1).   

  It has been shown that when the Periotest
Ⓡ

 device 

is used improperly, it underestimates the degree of 

tooth mobility.11 Thus, to reduce the measurement er-

ror, tooth mobility was measured three times, and the 

maximum value was selected. Mean and standard devi-

ation of PeriotestⓇ values (PTV) were calculated for 

each tooth, and the total PTV was computed. A re-

peated measures ANOVA was performed to determine 

the statistical significance of the differences between 

time intervals, and the contrast method
12

 was used for 
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pairwise comparisons. Each measurement was com-

pared with the previous measurement as the contrast. 

A significance level of α= 0.05 was selected.

RESULTS

  Table 1 shows the means and standard deviations of 

tooth mobility and the changes in the PeriotestⓇ value 

for each tooth at each observation period. A common 

feature among all teeth was a gradual decrease in tooth 

mobility over time. The comparison of mobility at 

three-month intervals is shown in Fig 2, which indi-

cates that tooth mobility decreased rapidly during the 

first six months, decreased more slowly during the 

next six months, then tended to plateau during the final 

twelve months of the study. The decreases were stat-

istically significant during the first year except for the 

period between six and nine months. The changes, 

however, were not statistically significant during the 

second year following appliance removal.

DISCUSSION

  One of the most important objectives of orthodontic 

therapy is the maintenance of the treatment outcomes 

over the long-term. It is well known that teeth often 

exhibit a tendency to move back toward their original 

position after removal of the orthodontic appliances. 

This relapse is due in part to the contraction of the 

stretched fibers of the periodontal ligament.1 If the 

teeth are not retained sufficiently, relapse may occur. 

Thus, a regimen of retention is necessary after ortho-

dontic treatment in order to allow for adequate remod-

eling of the stretched periodontal fibers. 

  Many studies have been conducted in an attempt to 

determine the optimal duration of periodontal stabiliza-

tion.
13-15

 An histological approach cannot be applied to 

patients directly, and a radiological approach can be 

considered strongly subjective in nature; neither is 

helpful in assessing the stabilization of the periodontal 

ligament. Tooth mobility, however, can be used on a 

longitudinal basis as an indicator of biological changes 

within the periodontal ligament. Tooth mobility incre-

ases during orthodontic treatment as a result of the 

widening of the periodontal ligament space and then 

gradually decreases to physiologic mobility after the 

removal of the appliance.1,16 

  Miller2 has described three stages of excess tooth 

mobility. A score of 1 indicates the first distinguish-

able sign of movement greater than normal. A score of 

2 indicates a movement that allows the crown to move 

1 mm, and a tooth with a mobility score of 3 moves 

more than 1 mm. Such a classification system, while 

useful clinically, is non-scientific, highly subjective to 

individual interpretation, and may be inaccurate. 

  Many approaches have been devised to measure 

tooth mobility more precisely. Mühlemann4,5,17 used 

two different intraorally-attached dial indicators to 

study the degree of mobility; Goldberg18 used a modi-

fied periodontometer to measure tooth mobility during 

various types of periodontal therapy. In addition, 

O’Leary and Rudd19 designed an instrument similar to 

the macroperiodontometer to investigate the range of 

tooth mobility in healthy mouths, and Burstone et al.
6 

applied holography to the study of tooth displacement. 

Their instruments and procedures, however, were either 

inconvenient or impractical to apply to patients on a 

routine basis. 

  The PeriotestⓇ instrument was designed to provide 

an objective measure of tooth mobility, with a decrease 

in PeriotestⓇ values indicates increased resistance to 

tooth mobility. An increase in values shows decreased 

resistance, and thus indicates the potential for tooth 

mobility. The PeriotestⓇ is known as an instrument 

that is highly accurate and reproducible: a simple and 

easy-to-manage objective methodology.
7,8 

  During measurement, the PeriotestⓇ handpiece al-

ways must be held perpendicular to the long axis of 

the tooth, and the point of impact must be the middle 

of the anatomical crown. As mentioned earlier, the de-

vice is suspected to underestimate the degree of tooth 

mobility in instances of improper use.
11

 Thus, tooth 

mobility was measured three times, and the maximum 

value was recorded. 

  It should be noted that the rest position of a tooth 

in the alveolar socket is not constant. Teeth are in-

truded slightly by occlusal forces during mastication 

and extruded if occlusal contact is avoided for one to 

three hours. Moreover, mobility values may fluctuate 

during the day.5,20 With these factors in mind, tooth 
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mobility for ten selected control subjects was measured 

three times, with a 24 hour-interval between record-

ings, and then values were analyzed according to 

Dahlberg’s formula.
21

 As a result, the method error 

was low (PTV = 1.1).11

  Van Scotter and Wilson22 compared the mobility in-

dex of Miller
2
 to the Periotest

Ⓡ
 values. Normal tooth 

mobility ranges from PTV −8 to 9, Mobility #1 from 

PTV 10 to 19, Mobility #2 from PTV 20 to 29 and 

Mobility #3 from PTV 30 to 50. Accordingly, the 

method error of the PTV in the study (i.e., 1.1) was 

acceptable to measure the tooth mobility. 

  Only maxillary teeth were selected as samples in 

this study. Schulte and his associates8 investigated the 

PeriotestⓇ values of the maxilla and mandible denti-

tions. Periodontally healthy teeth had higher Periotest
Ⓡ

 

values in the maxilla, which has more cancellous bone 

than the mandible. In that maxillary teeth show a high-

er amount of mobility, they can be considered to be 

more acceptable to serve as samples to evaluate the 

degree of periodontal stabilization over time.

  There also was a practical reason for selecting only 

the maxillary teeth; a bonded type of retainer was used 

in the mandibular arch for some individuals. In the 

current study, the use of only maxillary teeth as sam-

ples was felt to be sufficient, in that the main objective 

of the study was to investigate the change in mobility 

according to time elapsed after appliance removal.

  In comparing variations in mobility among teeth, 

PeriotestⓇ values of the incisors and premolars scored 

higher than did those of molars and canines at each 

visit. This finding indicated that tooth mobility may be 

related to total root surface area. Teeth with larger root 

surface areas had a greater surface area for the attach-

ment of periodontal fibers, which apparently made 

them more stable than teeth with small root surface 

areas.
7,8,23 

  Jepsen23 measured the root surface area of the max-

illary and mandibular teeth previously. Total root sur-

face area was the greatest in the first molar, followed 

by the canines, premolars, and incisors. The order re-

ported by Jepsen23 was identical with that of Tylman 

and Tylman
24

 and Watt et al.
25

 In the instance of can-

ines, however, the total root surface area did not ex-

plain these findings adequately. Surprisingly, the can-

ines showed Periotest
Ⓡ

 values lower than those of the 

first molars, indicating greater relative stability. The 

reason may be that canines have the longest root in the 

arch, and the leverage effect resulting from its crown- 

to-root ratio was responsible for the lower Periotest 

values.8,23 

  In evaluating tooth mobility at three-month intervals 

during the two years following appliance removal, 

there was a rapidly decreasing pattern of mobility for 

the initial six months, a slow decrease after six months, 

and no significant decrease after twelve months. It is well 

known that the gingival fibers are disturbed by ortho-

dontic tooth movement and must remodel to accom-

modate the new tooth positions. In a study investigat-

ing the biomechanical behavior of the canine perio-

dontium of 10 adolescent patients, Tanne et al.
16

 re-

ported that the periodontal tissues become flexible at 

the end of tooth movement, indicating reduced support 

by the periodontal tissues. Reitan
26

 reported that the 

collagenous fibers of the gingiva have reorganized nor-

mally within four to six months; on the other hand, the 

elastic supracrestal fibers remodeled more slowly and 

still could exert forces capable of displacing a tooth 

one year after removal of orthodontic appliances. The 

results of the current study were similar to those of 

Reitan.26 

CONCLUSION

  A longitudinal measurement of tooth mobility using 

the Periotest
Ⓡ

 protocol during two years following the 

removal of the orthodontic appliance was undertaken. 

The comparison of the relative mobility at appliance 

removal and at three-month intervals during the two 

years following appliance removal indicated that there 

was a rapid reduction in tooth mobility during the ini-

tial six months, a slower decrease after six months, 

and no significant decrease after twelve months. The 

results of the present study suggest that the early re-

tention period, the first six months, is critical for stabi-

lizing the periodontal tissue, and that mechanical re-

tention is indispensable at least up to twelve months 

after orthodontic treatment.
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-국문초록-

교정치료 후 치아동요도 감소에 대한 

종단적 계측연구

황현식aㆍ김왕식bㆍ김정문cㆍJames A. McNamara, Jrd

  본 연구는 교정치료 종료 후 치아동요도의 종단적 계측을 
통해 치아 주위조직의 안정화가 언제 나타나는지 살펴봄으

로써 교정치료 후 유지장치 장착기간 설정에 도움이 되고자 

시행되었다. 고정식 교정장치로 치료가 종료된 20명의 환자
를 대상으로 교정장치 제거 직후 그리고 2년까지 3개월 간격
으로 Periotest를 이용하여 상악 양측 중절치부터 제1대구치
까지 치아동요도를 계측하고 교정치료 후 시간 경과에 따른 

동요도 감소 양상을 비교 분석한 결과, 처음 6개월은 급한 
양상으로, 다음 6개월은 보다 완만한 양상으로 감소하였고, 
이후는 계속 감소하는 양상을 보였으나 통계적으로 유의한 

차이를 보이지 않았다. 이상의 결과는 교정치료 후 치아 주
위조직의 안정화는 1년이 지나서야 어느 정도 이루어짐을 
그리고 처음 6개월은 매우 불안정함을 나타내는 것으로, 교
정장치 제거 후 유지장치가 치료 후 1년간은 필요함을, 특히 
처음 6개월 동안은 매우 중요함을 시사하였다.

주요 단어: 치아동요도, 유지장치, 교정치료 후, 안정화, 

Periotest
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