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Orthodontic pain can decrease the muscular activity in EMG studies. Changes 
in masseter muscle activity during orthodontic treatment are probably caused by 
discomfort, pain, or alterations in the occlusal relationship via tooth movement. The 
purpose of this study was to determine the extent of the effect of orthodontic pain 
on the velocities of mandibular movements. Thirty subjects were observed by using 
the K-6 model Myotonics kinesiograph for the measurement of jaw motion velocities 
before and after insertion of orthodontic posterior separators on the first, second, 
third, fifth days, and fifth day immediately after separator removal. Five consecutive 
opening-closing strokes were recorded and processed to evaluate the following 
parameters: 1) maximal opening and closing velocities, 2) average opening and 
closing velocities, and 3) maximal terminal velocity before tooth contact. Measurements 
of orthodontic pain were evaluated by using visual analogue scale (VAS) . The average 
velocity of 5 consecutive mandibular movement strokes on the 5 days were compared 
with the VAS score of pain by using the Pearson correlation statistic model. Neither 
the opening velocity nor the closing velocity was affected after separator insertion. 
In conclusion, mandibular movement velocities were not affected by orthodontic 
posterior separators. 
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The fear of p~tln is one of the key factors there will be &scerrrible &scornfort durrng peri- 
that chscourages patients fkom seelang ortho- d c  adjustment of the orthodontic appliances. 
dontic treatment. Orthodontic patients usually Indvidual responses very widely and are be- 
are mformed that there may be some &scornfort lieved to be a result of inchvidualized pain per- 
associated with the insertion of separators and q m .  Factors of age, gender, and the mag- 
initial arch wires. In &tion, they are told that nitude of the orthodontic p~tln are not clear ' .  
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Ngan et al reported that patients e-enced 
significant levels of discomfort at 4 hours and 
24 hours after insertion of sep-atom and plac- 
ement of arch wires. The cause of the pain re- 
sulbng from arthodontic tooth movement is not 
entirely clear. Fursbmm and Bends suggested 
that periodmtal pain was caused by a process 
of pressure, ischemia, inflammation, and 
edema Burstone4, in a study d n g  the 
pain caused by orthodmtic appliances, indi- 
cated that there was a wide range of individual 
responses when similar forces were applied to 
the teeth He stated that immediate and delayed 
pain responses existed in different patients. He 
speculated that the immediate response was re- 
lated to the initial compression of the periodon- 
tal ligament immediately after placement of the 
arch wire. The delayed response, mhich bqan 
a few hours later was termed hyperalgesia of 
the periodontal ligament. Prostagladim have 
k e n  s h m  to ause hypdgesia, mhich is in- 
m e d  sensitivity to noxious agents such as 
histmine, bradyhm, serotonin, acetylcholine, 
and substance P. I n f l d o n  of gingival and 
periodontal tissues duflng orthodontic treabent 
may lower the pain tolerance by inducing tissue 
hyperalgesia. These tissues may then become 
responsive to stimuli that would not ordinarily 
evoh any &on4 . 

The pain resulting fram orthodorrtic appli- 
ances b a s e d  the muscular activity in EMG 
studies 5-7. The number of bursts decreased sub- 
stantially during the initial leveling period when 
the arch wires were adjusted and then recovered 
to near the original m v a t i m  level . Other 
studies showed that when EMG activity was 
takn into consideration a significant increase 
in the stretch reflex persisted in the pnfd 
muscle

g
. Whether the pain caused by ortho- 

dontic tooth movement affects the function of 
the mandible is not clear at this time. We can, 
however evaluate fnandibular function by me- 

asuring the bite farce, chewing, mandibular 
movement velocities and so on. 

The objective of this study was to evaluate 
the effect of inserbng separators on mandibular 
movement velocities. 

MATERIAL AND METHODS 

Subjects 

Thirty sub~ects had an average age of 26 
years (range, 23 years old to 32 year, 1 month); 
none of the  sub^ ects in this study had any other 
arthodontic appliance treabment. Subjects con- 
sisted of 18 males and 12 females. Twenty- 
nine  sub^ ects were dentists or dental interns, 
and the other one was a physician. These 30 
prhcipants were in good physical health, h e  
fiom any acute dental disease, and had taken 
no medication recently. All of them a p e d  to 
prhcipate in this test after we carefully ex- 
plained the experimental procedures, possible 
discdart ,  and side effects caused by insertion 
of the separators in the mesial and distal con- 
tacts of the mandibular first molar. Consent 
forms were signed before we proceeded with 
the study. 

Apparatus 

A Myotranic K-6 system (Myotranics, Se- 
attle, WA, USA) was used to recorded the man- 
dibular movement velocities and the trajectmy. 
Mandibularmovement velocities were analyzed 
in the photo 2 scheme of the Kd system The 
photo 2 scheme consists of a simultaneous ver- 
tical velocity record and the frontal view of 
lateral deviation during opening and closing 
movements. Opening-closing velocities were 
dividedinto 5 categaries: (1)themaximal open- 
ing velocity fiom centric occlusion to maximal 
mouth opening (MOV, d s i  (2) the average 
opening velocity from centric occlusion to 
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maximal mouth o p q  position (AOV, rnm/ 
s), (3) the maximal closing velocity &om maxi- 

mal mouth opening position to the centric oc- 
clusion (MCV, mrn/s), (4) the average closing 
velocity from maximal mouth o m  to the 
centric occlusion (Am, d s ) ,  (5) the maximal 
velocity at 1 mm before tooth contact fkom 
maximal mouth opening . Photo 1 of the K-6 
system deplcts the t q  ectory of j aw movements 
in the sagttal and front planes d e n g  opening 
and closmg of the mouth. 

O~.thodontic pain  induce^. 

The orthodontic pain inducer consisted of 
orthodontic posterior separators. The separators 
were made out of Ormco (Ormco -640 - OOSO), 
whch is a blue color and rachopaque. They 
were placed at the mesial and chstal contact 
points of the manchMar first molar. We chd 
not lose any separators durrng the 5 days of 
the e-ent. 

Measurement of pain 

A visual analogue scale (VAS) (Figure 1) 
was used to evaluate the orthodontic p~tln caus- 
ed by the separators. The VAS form was mod- 
fied by Lee l o  in 1998. Sub~ects were asked to 
mark the level of the p~tln before the separators 
were inserted. Then, they were asked to mark 
the level of the pain after separator insertion 
on the first, second, h rd ,  and fifth days, as 
well as immechately after the separators were 

I 
N o  pain 

I 
The worst pain which 
you can imagine 

Figure 1. Ikd sc& (yA$ (I&$. 

m v e d  on the fifth day. 

Procedures 

Sub~ects were seated comfortably in an 
qm&t position in a c h  without a headrest. 
The lahal surface of the manchbular incisors 
and pgtvae  were h e d  with stedized gauz, 
and a magnet (Myotronics) was stuck onto the 
lablal surface of the teeth with Urehesive (Bris- 
tol-Myers Squibb, St. Louis, MO, USA) ac- 
cordmg to the operating d. Great care 
was taken to prevent the magnet from interfer- 
mg with the closing movement of the manch- 
Mar  dentition. The magnet was placed on the 
lingual surface of the manchbular incisors al- 
ternatively in the case of subjects with a deep 
overbite. 

The photo 1 scheme of the K-6 system 
was first used to trace the trajectory of the 
open-close manchbular motion in the sagttal 
and frontal planes. Subects  we^^ instructed to 
open and close the manchble as k t  and as 
wide as possible. Th~s was used as baseline 
data to check whether the test sub~ects would 
open wide enough at the same maptude  in 
subsequent experimental sessions. The photo 2 
scheme of the K-6 system was subsequently 
used for recordmg the vertical velocity and the 
fkontal view of lateral deviation simultaneouly 
h n g  o p q  and closlng movements. 

Then 5 consecutive open-close movement 
motions were recorded. The sub~ect was in- 
structed to perform 5 continuous open-close 
jaw motions as fast as possible. All velocity 
records were stored on a chsc for later analysis . 
Manchbular velocities were recorded on the 
first day before insertion of the separators,on 
the first day aRer insertion of the separators, 
on the second day, on the h r d  day, on the fifth 
day, and on the fifth day mmd~ately after re- 
moval of the separators. 
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Data analysis 

AU recorded data  we^ s t o ~ d  and pro- 
cessed by Excel and Statica The means and 
the standard deviations of the 5 consecutive 
open-close motion velocities were compared 
before and immdately after separator insertion 
by Wilcoxon's matched pairs test. Carrelation 
matrices and Pearson cornlation  we^ used to 
evaluate the relationship between csthodontic 
pan and mandibular velocities. 

RESULT 

No separator was lost durrng the 5 day 
p o d  among any of the 30 subj ects. The co- 
efficient of variation (CV) of manchbular move- 

ment velocity was about 10%; only the coef- 
ficient of variation of the maximal terminal 
velocity before tooth contact was 26.98% (Table 
1). Most of the test subects experienced the 
most severe pain duzlng the second and h r d  
days (Table 2). But the amounts by whch man- 
dbular velocities were reduced chffered (Table 
2 and Figure 2). Th~s means that pain did not 
affect rnarfhbular velocities. 

The association between orthodmtic pain 
and manchbular movement velocity is not sig- 
nificant (Table 3). Correlation matrices and 
Pearson correlation were used to evaluate the 
~ l a t i o d u p  between orthodontic pain and the 
ratio of manchbular velocities, and the= was 
no s ipf iance (Tables 4, 5). Then we used 
Wilcoxon's matched paus test to find chmges 

Table 1. Cmfficient of variation (CV) of mandibular velocities 
Maxim a1 terminal 

Average opening Maximal opening Average closing Maximal closing 
Tim e velocity before 

velocity velocity velocity velocity 
tooth contact 

Frist day 
(before separator 10.27% 11.4 1% 11.29% 11.83% 24.34% 

insertion) 

First day 
(after sparator 9.95% 10.65% 8.94% 8.87% 23.88% 

insertion) 

Second day 9.78% 10.82% 8.81% 9.46% 29.94% 

Third day 9.00% 10.99% 8.49% 10.10% 27.46% 

Fifth day 9.77% 11.82% 10.10% 10.42% 27.49% 

Fifth day 
(after the separ- 8.90% 9.23% 8.64% 9.56% 28.79% 

ator removal) 

Average CV 9.61% 10.82% 9.38% 10.04% 26.98% 
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Table 2. Time of peak pain and the reduction in mandibular velocity (as compared to the f i s t  day 
before separator insertion) 

N o  of subjects Average opening Maximal opening Average closing Maximal closing Time recording velocity velocity velocity velocity ~ e a k  ~ a i n  
Frist day 

(before separator 0 
insertion) 

First day 
(after sparator 

insertion) 

Second day 

Third day 

Fifth day 

Fifth day 
(after the separ- 1 

ator removal) 

* One person felt no pain during the entire experimental period. 

Time 

Time: l p  : first day after the separator insertion. 
2 : second day. 
3 : third day. 
5 : fifth day. 
5p: fifth day after separators removed. 

Pain % : percentage of the time of the peak pain numbers of subjects occurred at this point. 
Mandibular velocity : 

AOV % : percentage of times average opening velocity was reduced. 
MOV %: percentage of times maximal opening velocity was reduced. 
ACV % : percentage of times average closing velocity was reduced. 
MCV % : percentage of times maximal closing velocity was reduced. 
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Table 3. Relationship between orthodontic pain and mandibular velocity (Correlation matrices) y value 

VASIA OV VASIMOV VASIACV VASIMCV 

* One person felt no pain during the entire experimental period. 
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Table 4. Relationship between orthodontic pain and mandibular velocitim. (correlation matrim) 

VASlaverage opening VASlmaximal opening VASlaverage closing VASlmaximal closing Correlation velocity velocity velocity velocity 

y : negative 14 12 17 14 

y : positive 15 17 12 15 

y : negative : as VAS increased, mandibular velocity decreased. 
y : positive: as VAS increased, mandibular velocity increased. 

Table 5. Relationship betwaen orthodontic pain and the ratio of mandibular velocities (Pearson cor- 
relation) 

VASlratio of mandibular velocity Y r" P N 

VASlaverage opening velocity 0.0832 0.0069 0.2666 1 80 

VASlmaximal opening velocity 0.1164 0.0 136 0.1197 1 80 

VASlaverage closing velocity -0.0027 0.000007 0.9713 1 80 

VASlmaximal closing velocity -0.0080 0.000064 0.9 153 1 80 

y : the r value of the Pearson correlation 
y2 : the square of the r value 
* : p < 0.05 was considered significant 
N : total case numbers of 5 days. 

in the maximal operring and closing velocitis, 
the average operring and closing velocities, and 
the rnaxlrnal velocity before tooth contact 
(Table 6). 

DISCUSSION 

We found an increase in of pain intensity 
fkom the first day after separators placement. 
The peak pain was recorded on the second 
day (40%) after the separators were inserted 

The second most frequent time for peak pain 
was the thrd day (33.33%). Th~s is consistent 
with the finchngs of other shuhes. Some papers 
reported peak &scornfort at 24 hours after 
mtrnent or separator placement One pa- 
per reported that peak pain o c m d  between 
the second and thrd days after separator plac- 
ement 3 .  

Orthodontic pain induced by separators 
decreased the activity of the rnasseter muscle 
in an EMG study , specially in the dwation 
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Table B. Changm in mandibular velocity by Wilooxon's matched pairs test 
First day 

Changes in mandibular velocities 
Fifth day 

(after separator Second day Third day Fifth day (after separator 
p -level insertion) removal) 

Average opening velocity 0.48 0.284828 0.452812 0.147049 0.075223 

Maxim a1 opening velocity 0.370942 0.259673 0.280223 0.097782 0.05071 1 

Average closing velocity 0.465288 0.130601 0.289485 0.338863 0.057105 

Maxim a1 closing velocity 0.168315 0.099883 0.141399 0.0 19575" 0.04071" 

Terminal maximal velocity before 
tooth contact 0.120455 0.274342 0.036793 0.27439 0.53 1179 

* : A p-level < 0.05 was considered significant 
Total case numbers were 30. Changes in mandibular velocity were compared with the first day before separ- 
ator insertion. 

and number of low-amplitude bursts '. In h s  
study, the correlations between orthodontic pain 
and fnand~bular velocitis were low (-0.4 < r 
< 0.4) (Table 3). ThIs means that the pain 
caused by the separators chd not affect the vel- 
ocities of rnanchbular movement. ThIs may have 
been because the pain caused by separators was 
not strong enough to affect fnand~bular move- 
ment velocity. 

The velocity of fnasticatory movement is 
developed by the &ble as it departs fkom 
the e l l a  The velocity of the chewing move- 
ment shows great variation and most greatly 
depends on the type of food, consistency of 
the chewed materials, and indwidual variatim. 
To avoid the influence of food consistency on 
chewing movements, a model of an empty mou- 
th movement was chosen for measuring the jaw 
mtion velaitis . In ths  sMy, sub ects were 
asked to open and close the fnandble as fast 
as possible, so we could observe a hgh empty 
open-close velocity 1 4 .  

Accodng to Wilcoxon's matched pairs 
test analysis, there were no dfferencs in the 
maximal opening velocity, the average opening 

velocity, the average closlng velocity, and the 
maximal velocity before tooth contact between 
measurements on the first day and these taken 
aRer insertion of the separator. The max~mal 
closlng velocity on the fifth day and that after 
rmmval of the separators &ffmd from the 
value on the first day before insertion of the 
separators. ThIs might have been the result of 
separator placement for 5 days, h c h  really 
caused tooth movement. ThIs may have caused 
changes in the maximal closing velocity on the 
fifth day. 

CONCLUSIONS 

(1) The peak pain maned k h e m  the second 
andthethrddqsafkrinseriionofthesep- 
amtors. 

(2) Orthodontic pa~n m e d  by the sepamtcns &d 
not affect the velaitis of fnanchbular move 
mmt chnrng the 5 day period. 

(3) in rmnchbularvelaitis WeE not sig- 
nificance by Wilcoxon's matched pairs tmt. 
Butthert=wasachffi=renceinthe~clo- 
slng velocity on the fifth day and that measured 
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a f k  d of the s*. This may h e  
~ ~ e d b y m o v e m m t  o f t h e e  &mpg 
the occlusion 
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