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Pulpal blood flow changes due to rapid maxillary expansion

Hasan Babacana; Cenk Doruka; A. Altug Bicakcia

ABSTRACT
Objective: To determine the pulpal blood flow (PBF) changes in anchorage teeth associated with
the high forces of a rapid maxillary expansion (RME) appliance.
Materials and Methods: The study was performed with 14 girls and 7 boys for a total of 21
patients between 10 and 15 years of age (mean, 13.1 6 1.39 years). A modified acrylic bonded
RME appliance was used as an expansion appliance. Laser Doppler flowmetry was used for the
pulpal perfusion measurements. Records were taken from 42 upper central incisors, 28 canines,
and 42 first molars at the following time intervals: just before expansion (T1); at the first week of
expansion (T2); at the end of the expansion process (T3); and at the third (T4), seventh (T5), and
12th weeks of retention (T6). The data gained were statistically evaluated by parametric tests.
Results: PBF values of the anchorage teeth were doubled at the first week of expansion; however,
these values began to decrease because of separation of the median palatal suture. PBF values
tended to reach their initial values during the retention period. Pulpal perfusion changes of all
examined anchorage teeth were similar to each other from the beginning to the end of the evaluation.
Conclusion: PBF changes that occur with RME are reversible. (Angle Orthod. 2010;80:1136–
1140.)
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INTRODUCTION

Rapid maxillary expansion (RME) is one of the most
impressive orthopedic procedures. RME corrects
maxillary arch constrictions, increases arch perimeter
to reduce crowding, and corrects disharmonies in the
transversal plane between maxillary and mandibular
arches.1–6

The basis for the rapid expansion procedure is to
produce immediate midpalatal suture separation by
disruption of the sutural connective tissue with rapid
maxillary expanders; this creates large forces at the
sutural site over a short period of time.6,7 Forces
produced by this appliance have been reported in the
range of 16.6 to 34.8 pounds (7.54 to 15.8 kg).8 These
heavy forces maximize skeletal separation of the
midpalatal suture by overwhelming the suture before
any dental movement or physiologic sutural adjust-
ment can occur.6,9

Isaacson et al.7 and Zimring and Isaacson8 demon-
strated that residual forces always develop during the
active RME phase. Brosh et al.10 reported that strain
level was preserved during the retention phase, after
RME, as the result of relapse strains.

The relationship between orthopedic forces and the
magnitude of pulpal impairment remains unclear.
Dental pulp is a specialized tissue; it contains blood
vessels and nerves that maintain tooth vitality and
sensitivity. Pulpal responses after orthodontic forces
were evaluated in the following ways: histologic
observation,11,12 fluorescent microsphere injection,13,14

and pulp tissue respiration rate15,16 methods. However,
these methods have technical limitations that allow
observation after tooth extraction. Laser Doppler
flowmetry (LDF) is a noninvasive method of determin-
ing pulp blood flow of the same tooth repeatedly
without causing damage to the pulp.17 LDF recognizes
heartbeat synchronous oscillations within teeth with a
pulpal vasculature. It involves directing laser light
through the enamel and dentin toward the pulp; some
of the light may be reflected and Doppler-shifted by
moving erythrocytes.18

Pulpal responses to orthodontic forces have previ-
ously been investigated19–24; however, few studies
have evaluated the reaction of dental pulp to the
orthopedic forces created by RME. Kayhan et al.25 and
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Taspinar et al.26 observed histologic changes after
RME on extracted first premolar tooth pulp. They
concluded that the orthopedic forces applied by RME
appliances caused reversible vascular changes in
pulpal tissue of anchor upper premolar teeth. However,
these histologic studies give limited information on
clinical changes in the pulp of the anchor tooth during
orthopedic forces in human subjects. Another study by
Cho et al.27 reported reversible changes after RME
using an electric pulp tester and a cold test. The LDF
method was reportedly more reliable than these two
pulp vitality tests.28,29 Therefore the purpose of our
study was to evaluate pulpal blood changes in human
dental pulp with LDF from the beginning of RME to the
end of retention.

MATERIALS AND METHODS

The study consisted of 21 patients—14 girls and 7
boys—between the ages of 10 and 15 years (mean,
13.1 6 1.39 years), presenting bilateral posterior
cross-bite of skeletal origin. The modified acrylic
bonded RME appliance was used as an expansion
appliance in all patients.30 This type of RME appliance
provides control of vertical dimension changes that
occur in growing patients during maxillary expansion.
The RME appliance was cemented, in all subjects, with
the use of glass ionomer cement (Ketac-Cem, Espe
Dental AG, Seefeld, Germany). The appliance was
activated one-quarter turn once a day during the
expansion period until the desired suture opening was
achieved. After removal, the appliance used in active
treatment was cleaned and the screw was fixed with
0.014-inch ligature wire and reused as a removable
retention appliance for 6 months. Table 1 shows the
distribution of age and gender and average expansion
periods and average retention periods of subjects. The
purpose and the procedure were explained to the
participants, and their informed consent for the
experiment was obtained. This study was approved
by the Ethical Committee at Cumhuriyet University
Faculty of Dentistry.

Only the teeth of patients who underwent a routine
and successful RME procedure were chosen for the
study. Records were taken from 42 central incisors, 28
canines, and 42 first molars at the following time
intervals: just before expansion (T1); at the first week
of expansion (T2) and at the end of expansion (T3);
and at the third (T4), seventh (T5), and 12th weeks of

retention (T6). Data were collected with a laser
Doppler flowmeter (Periflex 4001 Master, Perimed
AB, Stockholm, Sweden) and were simultaneously
shown on a monitor (Figure 2). Evaluation took
10 seconds for each tooth. A special software package
(Perisoft 5.1, Gastrosoft Inc, Jarfalla, Sweden) was
used to calculate average perfusion unit (PU) values.
The PU is the output value of the laser Doppler
flowmeter that means the pulpal blood flow (PBF). A
commercially available motility standard (Perimed)
was used to calibrate the flowmeter, which was a
bottle containing 2 to 5 cm3 of a colloidal suspension of
latex particles. Light with a wavelength of 632.8 nm
was produced by a 1-mW helium-neon (He-Ne) laser
within the flowmeter and was sent along a flexible
fiberoptic conductor inside the probe (Perimed) to the
labial surface of the teeth. Before any measurement,
the patients rested for 10 minutes. All measurements
were done in the same unit. Probe holes were drilled 3
to 4 mm below the gingival margin of the teeth on the
acrylic expansion appliances. These holes were made
to insert and fix the probe, and to ensure accurate and
reproducible positioning of the probe on the tooth
during each session (Figure 1).

Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS) package (version 10.0, SPSS Inc, Chicago, Ill)
was used to analyze the results. A repeated measure-
ment of variance analysis (ANOVA) was performed in
the comparison of pulpal perfusion values of every
tooth group according to time intervals. Variance
analysis was performed in the comparison of inter-
group differences in pulpal perfusion values of every
tooth group according to time intervals. The Tukey test
was performed to determine which time interval would
show the difference.

RESULTS

Mean baseline PBFs of the upper central incisors,
canines, and first molars were similar (9.34 6 4, 9.87
6 3.36, and 8.12 6 3 PU for central incisors, canines,
and first molars, respectively). PBF increases nearly
twofold at the end of the first week (T2) (15.31 6 5.6,
18.17 6 6.3, and 17.01 6 5.58 PU for the central
incisors, canines, and molars, respectively) and then
decreases and tends to achieve baseline at the end of

Table 1. Summary of Age, Gender Distribution, and Average Expansion and Retention Periods of Subjects

Number of Subjects, n Mean Age 6 SD, y Expansion Duration 6 SD, wk Retention Duration 6 SD, wk

Girls 14 13 6 1.4 4.8 6 0.7 11.8 6 1.4

Boys 7 13.3 6 1.5 4.7 6 0.7 11.5 6 0.9

Total 21 13.1 6 1.4 4.8 6 0.7 11.7 6 1.3
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the third month of retention (10.19 6 4.22, 10.16 6

3.75, and 9.19 6 3.2 PU for the central incisors,
canines, and molars, respectively) (Table 2).

Differences in mean percentage values of PBF were
compared for each set of teeth; the difference was
found to be statistically insignificant at each time point
(Table 2) (P . .01). Figure 2 shows the similarities
between measurements of central incisors, canines,
and first molars at each time point.

Differences from the beginning of expansion to the
end of the third month of retention were assessed for
each tooth (Figure 2, Table 2). PBF changes in central
incisors, canines, and first molars were found to be
statistically significant between the beginning of
expansion (T1) and the first week of expansion (T2)
(P , .01). The peak value at the end of the first week
(T2) decreases significantly at the third week of
expansion (T3) (P , .01). Mean PBF values decrease
significantly during the retention period (T3–T6) (P ,

.01). Mean PBF values for each tooth tended to return
to baseline level after 3 months of retention.

DISCUSSION

After orthodontic force application, pulpal response
attracted the orthodontist’s interest and was investi-
gated in many aspects. Previous studies report that

the type of movement may influence the observed
tissue reaction.15,31 Orthodontic forces generally in-
crease PBF as a result of the inflammatory process
triggered by tooth movement, in which blood supply
and inflammatory cells reach the area in an attempt to
achieve tissue repair13 and generate new blood
vessels.32 These results demonstrate the high capacity
for adaptation of the pulp tissue to an aggression and
also provide the biological limits for tolerance of the
pulp.

Pulpal response after heavy force application was
investigated both histologically and with pulp tests.25–27

Kayhan et al.25 evaluated the histologic and histomor-
phometric changes in pulpal tissue of anchor premolar
teeth after the RME procedure. Although they noticed
more pronounced fibrotic elements in the pulpal tissue,
investigators observed no differences in pre-dentin
width, no change in the number of vessels, and no
calcification deposits or vacuoles after 3 months of
retention. They concluded these results to be an
adaptive vascular tissue response. Taspinar et al.26

investigated the effects of the heavy orthopedic forces
produced by RME appliances on the pulpal tissue of
upper premolar teeth using histopathologic tech-
niques. They reported similar reversible vascular
changes as Kayhan et al.25 in the pulpal tissue of
upper premolar teeth. These histologic studies show
inflammatory changes in the pulp tissue after orthope-
dic force application.25,26 Both described areas of the
vessels that were increased because of the inflamma-
tory process.

The other study that investigated pulp vitality after
RME, using an electric pulp tester and a cold test, was
performed by Cho et al.27 Investigators reported that all
the teeth tested responded with signs of vitality after
retention.

These previous studies reveal reversible vascular
changes after RME. Our study shows that PBF
increases because of this inflammation in the initial
period, and this increase tends to return to baseline
values with respect to a decrease in residual forces

Figure 2. The change in mean PU is examined in three types of

teeth. Y axis: perfusion unit; X axis: time points.

Figure 1. Holes are drilled 3 to 4 mm below the gingival margin of the

modified acrylic bonded RME appliance to insert and fix the probe on

the tooth.
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accumulated around the suture after therapy with RME
is complete. Our results demonstrate reversible
vascular changes as reported in previous studies.

Previous histologic studies report changes only at
the first premolar site; however, changes in other teeth
affected by heavy orthopedic forces remain unclear. All
teeth examined here (central incisor, canine, and first
molar) show similar pulpal perfusion changes at the
checked time points (Figure 2). Our results suggest
that these changes did not differ according to the type,
location, or shape of the tooth. The teeth investigated
in our report gave very convincing signals that were
compatible with histologic findings.

Kayhan et al.25 and Taspinar et al.26 suggested that
repeated measurements of PBF at different stages of
force application for evaluation of pulp hemodynamics
were better than a single observation during force
application. LDF can repeatedly measure PBF of the
same tooth without causing damage to the pulp. In
dentistry, the principal diagnostic role of LDF to date
has been in assessment of the pulp condition of
traumatized teeth that are not responsive to conven-
tional tests.28,29 PBF measurement using LDF has
been described as a more sensitive technique for
evaluating tooth pulp vitality compared with conven-
tional methods such as electric and thermal pulp
testing.28,29,33,34

The modified acrylic bonded RME appliance, which
decreases tipping forces and also controls vertical
dimensions, was used as an expansion appliance
because the heavy forces created by the screw were
distributed among several anchorage teeth. Further-
more, the holes, made to insert and fix the probe on
the tooth during each session, were standardized at
each tooth, including central incisors. It is important to
insert and fix the probe at the same point on the teeth
during each session to ensure the reliability of the
measurements.35 The acrylic portion of the expansion
appliance was extended buccally to reduce noise from
surrounding tissues during recording of the PBF. Our

baseline measurements for the examined teeth are
similar to the baseline measurements of Norer et al.,36

who measured the perfusion units of all teeth during
three sessions with a time interval of 7 days between
sessions using the same laser Doppler flowmeter.

CONCLUSIONS

N PBF increased nearly twofold during the first week of
expansion when heavy forces applied with the
expander accumulated on the anchor teeth before
sutural separation. After sutural opening, PBF
decreased and tended to reach its initial values
during the retention period.

N PBF changes in central incisors, canines, and first
molars due to RME were similar to each other.
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