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Change in dental pulp parameters in response to different modes of

orthodontic force application

Rita Veberienea; Dalia Smailieneb; Nomeda Basevicienec; Adolfas Toleikisd; Vita Machiulskienee

ABSTRACT
Objectives: (1) To evaluate dental pulp sensitivity by electrical pulp testing and measure aspartate
aminotransferase activity in the pulp after 14 days of orthodontic intrusion, and (2) to compare
those measurements with measurements obtained in teeth after 7 days of intrusion and 7 days of
rest.
Materials and Methods: The study sample included 13 subjects (mean age 5 16.5 6 2.7 years).
For every subject, before extraction, two contralateral premolars were included in a spring and
loaded by a force. Two study groups were formed: Group A, teeth with 14 days of mechanical load,
and Group B, teeth with 7 days of mechanical load plus 7 days of rest. Electrical pulp testing and
aspartate aminotransferase activity measurements were performed after 14 days in all tested
teeth. After extraction, aspartate aminotransferase activity in the pulp was determined
spectrophotometrically at 20uC.
Results: Mean aspartate aminotransferase activity values were 0.21 U/mg (SD 5 0.15) in Group A
and 0.27 U/mg (SD 5 0.17) in Group B. Mean electrical pulp testing readings were 38.92 mA (SD 5

24.61) in Group A and 36.77 mA (SD 5 26.84) in Group B. Mean values of the intrusive force
magnitude did not differ in both groups.
Conclusions: Different durations of orthodontic intrusion, defined as 14 days of load and 7 days of
load followed by 7 resting days, were not reflected by electrical pulp testing or by aspartate
aminotransferase activity levels in the pulp of the affected teeth. However, the response threshold
to electrical pulp stimulation was elevated in all tested teeth. (Angle Orthod 2010;80:1018–1022.)
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INTRODUCTION

In medicine, clinical enzymology is used to help
diagnose some localized inflammatory lesions before
overt clinical symptoms develop. Aspartate amino-
transferase (AST) is an intracellular enzyme that is

released to the extracellular environment upon cell
death.1 AST activity has been detected in healthy and
inflamed dental pulp.2 Increased levels of AST activity
in dental pulp or gingival crevicular fluids were
observed in cases of orthodontic treatment.3–6 It was
suggested that changes of AST activity reflect meta-
bolic alterations that occur in the dental pulp during
orthodontic treatment.

Intrusion is thought to have the greatest impact on the
apical region7–9 during orthodontic treatment, and it may
occlude the apical blood supply.10 In the literature,
discussions about changes occurring in the dental pulp,
in response to orthodontic intrusion, is mainly based on
experiments with animals and is controversial.11–13

Electrical pulp testing (EPT) is used to acquire
information about pulp vitality based on the patient’s
subjective sensations. There is no predictable rela-
tionship between tooth response and cellular changes
within the pulp.14–17 In orthodontic patients where force
application might have altered the physiological status
of the pulpal elements, the pulp’s response to electrical
stimulation becomes inconsistent.15,18–20
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Most of the studies with orthodontic patients were
concentrated on short-term orthodontic force3,4,13,21–27

and its effects on pulp vitality. Relatively little informa-
tion is available about possible changes in AST activity
in orthodontically moved teeth with respect to different
force duration and about variations in responses to
EPT in affected teeth.

Recently, we demonstrated that after 7 days of
orthodontic intrusion, AST activity and EPT parame-
ters significantly increased in the affected teeth
compared with the teeth without orthodontic load.4

The present study aimed (1) to investigate changes in
the dental pulp after 14 days of orthodontic intrusion
and compare them with AST activity levels measured
in the pulp after 7 days of orthodontic intrusion and
7 days of rest and (2) to compare the pulp sensitivity in
the same subjects on the basis of pulp response to
electrical stimulus of the affected teeth.

MATERIAL AND METHODS

The study sample consisted of 13 healthy subjects
who needed contralateral premolars extracted for
orthodontic reasons. Subjects’ ages ranged from 14
to 22 years (mean age 5 16.5 6 2.7 years). Criteria for
subject inclusion were described previously.4

Informed consent was obtained from the patients
and from the parents of those younger than 18 years
before the study. The protocol was approved by
the Ethical Committee of Kaunas University of Medi-
cine.

For every subject, two randomly selected contralat-
eral maxillary or mandibular premolars were included
in a spring from the first molar and loaded with the
intrusive force. One of those was subjected to
mechanical stress for 14 days, and the other for
7 days. All selected teeth were not restored, were
asymptomatic, and had no evidence of caries, peri-
apical radiolucency, or root resorption. Orthodontic
brackets (Roth 0.022 3 0.030 inch, Dentaurum,
Inspringen, Germany) were bonded in the center of
the buccal surfaces of the teeth. Crown orthodontic
bands with buccal tubes were cemented on the first
molars. To avoid side effects (tipping, extrusion), first
molars were connected with a palatal or lingual arch
into a rigid unit. A spring (0.016 3 0.022 inch stainless
steel, Dentaurum) was fabricated for every patient to
generate intrusion force toward their longitudinal axis.
Tipping and torque moments were reduced to the
minimum.

The magnitude of the intrusive tipping force for every
experimental tooth was calculated using ANSYS 10.0
software (Finity element analysis system, ANSYS Inc,
Canonsburg, PA). The spring was ligated to the
bracket using wire ligature and bent in both sides to

avoid mesiodistal displacement of teeth.4 The spring
was removed after 7 days or after 14 days of intrusion
(depending on the site).

Measurements of pulp sensitivity and AST activity
were performed after 14 days. Thus, two study groups
were formed: Group A, teeth with 14 days of
mechanical load, and Group B, teeth with 7 days of
mechanical load plus 7 days of rest.

Pulp sensitivity was investigated using electrical
stimulation by Pulptester PT1 (UAB Lumen, Kaunas,
Lithuania). Pulptester PT1 is characterized by a
gradual linear increase of the impulses on the 1–200
unit scale (1 unit 5 1 mA)28 and, subsequently, by
providing threshold sensations with the least discom-
fort to the patient. The test application procedure was
described previously.4 During testing the current flow
was slowly increased from the initial zero current state
by adjusting the variable voltage control. Readings
were recorded as the perception threshold stimulating
current in microamperes. Testing was repeated after a
3-minute interval to reduce subjective fatigue and to
minimize the possibility of nerve accommodation. The
kappa values for the repeat recordings of the pulp
response in the tested teeth varied between 0.8 and
1.0.

After EPT, the teeth were extracted under local
anesthesia, and the pulp samples were removed from
all teeth. To evaluate AST activity, the extracted teeth
were longitudinally grooved on the buccal and lingual
surfaces under extensive water irrigation using a
diamond bur, taking care not to penetrate the canal
space, and then split in half. The pulp samples were
washed twice with ice-cold, heparinized, sterile saline
and then dried and frozen at 225uC.

Immediately before AST activity measurements, the
residual liquid was removed from the pulp specimens
with filter paper, the specimens were weighed using an
A&D precision balance HA-202M (Tokyo, Japan) and
homogenized and investigated for AST activity.4

Measurements of AST activity were carried out at
room temperature (20uC) using a spectrophotometer
(Helios a, Thermo Electron Corporation, Waltham,
Mass). Nicotinamide adenine dinucleotide (NADH)
was added, and the oxidation of NADH was monitored
as a decrease in absorbance at 340 nm.

Data analysis was performed using the Statistical
Package for the Social Sciences, version 13.0 (SPSS
Inc, Chicago, Ill). Each data set was tested for
normality with the Shapiro-Wilk test. The paired t-test
was used to assess the significance of the differ-
ences in AST activity and EPT response between
the experimental teeth. The confidence intervals
(CIs) at 95% of the difference between the mean
values of the enzymatic activities of two groups were
reported.
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RESULTS

Mean values of magnitude of the intrusive tipping
force for the teeth in Group A and Group B did not
differ significantly: 82 g (SD 5 73.6; range 5 24–281 g)
and 97 g (SD 5 97.2; range 5 21–324 g), respectively
(P 5 .5).

Mean AST activity values measured in the pulp of
the tested teeth were similar in both study groups:
0.27 U/mg (SD 5 0.17) in the teeth with 7 days of
mechanical load plus 7 days of rest (Group B), and
0.21 U/mg (SD 5 0.15) in the teeth with 14 days of
mechanical load (Group A). The 95% CI of the
differences in mean values of AST activities ranged
from 20.15 to 0.33 U/mg (P 5 .2).

EPT readings did not differ significantly between the
two groups of teeth with different periods of mechan-
ical load: 38.92 mA (SD5 24.61) in group A, and
36.77 mA (SD 5 26.84) in Group B. The 95% CI of the
differences in mean values of the EPT response
ranged from 211.1 to 15.4 mA. (P 5 .7).

The distribution of AST activity values and EPT
values in the teeth loaded for 7 days and for 14 days is
presented in Figure 1. No significant correlation was
observed between AST activity and EPT responses in
the orthodontically intruded teeth of both groups. No
relationship between the orthodontic force magnitude
and the patients’ age, pulp weight, and AST activity
and EPT response was observed.

Results of this study were compared with the
previously published findings in teeth with 7 days of
mechanical load and in teeth not subjected to
mechanical load 4 and are presented in Table 1.

Thus, the mean AST activity in the pulp tissue was
significantly higher after 7 days of load compared with
AST activity in the pulp of teeth with 14 days and 7 days
of load followed by 7 days of rest and in teeth not
subjected to mechanical load. Mean AST values did

not differ significantly between the groups of teeth
without mechanical load, the teeth with 14 days of
load, and the teeth with 7 days of load followed by
7 days of rest (Table 1).

Mean EPT values differed significantly between
these groups: the teeth not subjected to mechanical
load exhibited lower sensitivity to electrical stimulation
than all other groups of teeth characterized with
different modes of mechanical loading (Table 1).

DISCUSSION

The purpose of this study was to investigate how
orthodontic intrusion by fixed appliances, applied for a
period of 14 days, was reflected in the pulp response
of the affected teeth in terms of sensitivity to electrical
stimuli and AST activity in the pulp tissue after tooth
extraction. Furthermore, these results were compared
with findings obtained in teeth with 7 days of
orthodontic intrusion followed by 7 days of rest in
order to study possible differences of pulp behavior in
response to different durations of mechanical loading.

We found that the mean values and distribution of
AST and EPT were similar in both study groups.
Moreover, compared with the results of our previous
study of pulp response in orthodontically treated teeth,4

it appeared that measurements of AST activity in
orthodontically treated teeth were significantly higher
after 7 days of intrusion than after a 14-day period in
both groups, those with intrusion or with partial rest.
Measurements of AST activity obtained in the current
study are close to those obtained in teeth not
subjected to any mechanical load (Table 1). We
realize that direct comparison of the results from the
present study with those published previously does not
allow firm conclusions to be drawn. However, it is
impossible to obtain a sample of teeth to subject to
several modes of treatment in the same patient (only
contralateral premolars that are being extracted for
orthodontic reasons can be used). Therefore, it was
interesting to observe difference in the outcomes in
relation to different modes of treatment used in two
studies following a similar design. Although there was
increased AST activity in the pulp of teeth subjected to
7 days of orthodontic intrusion, the presently estimated
AST activity levels after 14 days of intrusion are similar
to those measured previously in untreated teeth;

Figure 1. Distribution of AST activity and EPT values in teeth

orthodontically loaded for 14 days (Group A) and for 7 days followed

by 7 days of rest (Group B).

Table 1. Mean Values of AST and EPT in Teeth Subjected to Different Modes of Orthodontic Intrusion and in Teeth Without Intrusion

Factor

Teeth with 14

Days of Load

Teeth with 7 Days

of Load + 7 Days of Rest

Teeth with 7 Days

of Load4

Teeth with No

Mechanical Load4

AST activity,U/mg: Mean (SD) 0.21(0.15) 0.27(0.17) 0.57(0.44) 0.35(0.24)

EPT response mA: Mean (SD) 38.92(24.61) 36.77(26.84) 26.95(17.92) 7.76(6.48)
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therefore, we suggest a possibility of reversible
metabolic changes in the pulp.

The levels of AST activity reported by Perinetti et al3

after 7 days of orthodontic treatment were comparable
with AST levels in teeth with reversible pulpitis.2

However, there were no marks of enzymatic activity
in dental pulp after 2 weeks of orthodontic treatment.
Rohaya et al5 reported that AST activity in the gingival
crevicular fluid was highest in the first week and
gradually reduced during the following 3 weeks. These
results support the hypothesis that orthodontic treat-
ment can cause temporary metabolic changes in pulp
tissue during orthodontic treatment that are reversible.
According to Grünheid et al,13 a number of pathological
signs of rat pulp tissue peaked 24 and 72 hours after
force application and returned to the initial values after
168 hours. The authors concluded that controlled
mechanical forces during orthodontic treatment, if not
excessive, might cause only transient pulpal changes
as tissue regeneration was initiated almost immedi-
ately after the onset of tooth movement.13

Orthodontic load application can induce circulatory
and respiratory disturbances21,25–26,29,30 in altered tis-
sue22,31 that consequently lead to reduced oxygen
levels in the pulp.3,7

Numerous studies of changes in pulp tissue vascu-
larity during orthodontic tooth movement suggest that
blood flow to the dental pulp decreases initially after
orthodontic force application. However, it increases
thereafter until it reaches a peak 7 days after the
application of force.30–33 These processes, depending
on the degree of their disturbances, may cause
changes in metabolic cell activity, cell damage, or
defense reactions. Orthodontic forces affect the dental
pulp inducing vascular changes that are inflammatory
in nature.7,29 As demonstrated in the rat model, the
inflammatory vascular reactions subside within
3 weeks in all tissues.30,33

We found that after 14 days of orthodontic tooth
intrusion there was an increased response threshold to
EPT. Furthermore, the pulp sensitivity to electrical
stimulation remained decreased in teeth that were
subjected to orthodontic force for 7 days only and to a
7-day rest period. Although EPT is based on a subjective
judgment provided by the patient, the observed differ-
ences between the measurements in healthy teeth4 and
teeth subjected to orthodontic intrusion suggest a
possibility of certain alterations in the pulp. Orthodontic
tooth movement has been shown to produce changes in
tissue respiration with a resulting reduction in blood flow
and possible anoxia of A nerves.15,21 Gopikrishna and
coworkers15 and Cave and coworkers34 reported that
orthodontic force increased the response threshold to
EPT. The effect was almost instantaneous and could
persist for up to 9 months after treatment.

CONCLUSIONS

N Different duration of orthodontic tooth intrusion,
defined as 14 days of permanent load and 7 days
of permanent load followed by 7 days of rest, were
not reflected by the levels of AST activity in the pulp
of the affected teeth.

N The remaining increased response threshold to
electrical pulp stimulation after 14 days of mechan-
ical load and after 7 days of rest indicates alterations
of the nerve.
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