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A comparative study of initial changes in
pulpal blood flow between clear aligners
and fixed orthodontic appliances
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Introduction: The objective of this study is to evaluate and compare the initial changes of pulpal blood flow
(PBF) using clear aligner and fixed orthodontic treatment. Methods: A total of 45 subjects were subdivided
into 2 groups: group 1; 25 subjects treated with preadjusted edgewise fixed appliance with 0.01400 nickel titanium
as the alignment archwire and group 2; 20 subjects treated using clear aligner. In both groups, PBF was
measured for the maxillary right and mandibular left teeth using Laser Doppler flowmetry at different time inter-
vals (20 minutes, 48 hours, 72 hours, and 1 month) after the fitting of the nickel titanium archwire in group 1 and
after the delivery of the second aligner in group 2. A repeated-measures analysis of variance and a Bonferroni
post-hoc comparison test were applied to determine differences at the various time intervals. Results: The PBF
decreased in both types of appliances after force application. The maximum reduction in PBF was reached after
72 hours. It returned to its normal values within 1 month. The differences in PBF between the 2 groups did not
reach any statistical significance.Conclusions:PBF in orthodontically treated teeth decreased 20minutes after
orthodontic force application in both fixed and clear aligner appliances. In both treatment groups, most changes
occurred within 48 hours of force application. PBF returned to its normal values within 1 month. Changes in PBF
in both treatment groups were comparable. (Am J Orthod Dentofacial Orthop 2019;156:603-10)
Orthodontic forces during orthodontic treatment
have been reported to induce molecular changes
in the cells of the periodontal ligament (PDL),

alveolar bone, and the pulp–dentine complex.1-5

Mechanical loading alters periodontal tissue vascularity
and blood flow resulting in the release of various
molecules, such as neurotransmitters and cytokines.6

The early phase of orthodontic tooth movement involves
an acute inflammatory response characterized by peri-
odontal vasodilation and the migration of leucocytes
out of PDL capillaries. The leukocyte's migration out
of the PDL capillaries had been observed 20 minutes af-
ter orthodontic force application. The density, number,
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and area of blood vessels then subsequently increased7

over the next 24-48 hours.8 Clinically, McDonald and
Pitt Ford8 reported normalization of the blood supply
72 hours after orthodontic force application with remov-
able orthodontic appliances.

Javed et al9 systematically reviewed the influence of
orthodontic forces on human dental pulp. Thirty studies
were included, 6 studies assessed the effect of orthodon-
tic forces on pulpal blood flow (PBF) and 20 studies
investigated the pulpal cellular responses to orthodontic
forces. The authors concluded that there is insufficient
scientific evidence regarding the relationship between
orthodontic forces and the human dental pulp reaction.

Diagnosing pulpal symptoms clinically is extremely
difficult because the histopathologic condition of the
pulp cannot be determined by clinical means.10 Thermal
and electric pulp tests are commonly used11; however,
these tests have limitations in providing an accurate
diagnosis because they indirectly monitor pulp vitality
by measuring the neural response rather than the
vascular circulation, giving potential false positive or
false negative responses.11 Vascular supply is more
important than the neural response because the pulp
can only heal if there is a circulating blood flow.12

Changes in pulpal vasculature and blood flow are the
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parameters most commonly used to study the tissue
response to an orthodontic force. Newer testing modal-
ities have been developed to determine the vascular sup-
ply of the pulp, thus giving a more accurate and clear
diagnosis about the status of the pulp. Laser Doppler
flowmetry (LDF) is a noninvasive method, which can
be used to obtain repeated measurements of PBF
without causing tissue damage.13

Clear aligners have been used as a treatment modality
since 1998 for patients who desire an esthetic orthodon-
tic appliance. Kravitz et al14 evaluated the efficacy of
tooth movement with removable polyurethane aligners.
The types of movements studied were expansion,
constriction, intrusion, extrusion, mesiodistal tip, labio-
lingual tip, and rotation. They reported that themean ac-
curacy of tooth movement with clear aligners was 41%.

Duong and Kuo15 compared the load deflection rates
(LDR) of stainless steel and nickel titanium (NiTi) arch-
wires (0.017 3 0.017 inch) vs 0.030 mm polyurethane
material (clear aligners) over a 0%-10% range of strain
in vitro. They suggested that the LDR of the polyure-
thane was greater than that of the NiTi wire but less
than that of the stainless steel archwire (the strain deliv-
ered by aligners during treatment is in the range of 1%-
2% compared with stainless steel archwires, which
deliver an average strain of 4% when activated). They
showed that the NiTi archwire delivers forces at 1%
strain of approximately 2.3 kilograms, which is below
the force level delivered by the average aligner (9 kilo-
grams) at 1% strain.15 Therefore, aligners might deliver
a higher initial level of force than the NiTi archwire,
which could affect PBF changes.

Clinical experiments on the changes in PBF during
orthodontic treatment are limited. Previous studies
were conducted to investigate PBF during intermittent
intrusive movement, intermittent extrusive movement,
or continuous intrusive forces in a small sample size
on single tooth type with PBF measurements taken
over a short-time period.1,8,16 To our knowledge, the
present study is the first to measure and compare
PBF with 2 different orthodontic appliances during
the alignment stage of orthodontic treatment. The
aims of this study are to: (1) Evaluate PBF in
maxillary and mandibular teeth during orthodontic
alignment using fixed appliances (0.014” super
elastic NiTi archwire) at different time intervals
(20 minutes, 48 hours, 72 hours, and 1 month) of
initial archwire placement. (2) Evaluate the PBF in
maxillary and mandibular teeth during orthodontic
teeth alignment using clear aligners at different time
intervals (20 minutes, 48 hours, 72 hours, and
1 month) of fitting the second aligner (first active
aligner). (3) Compare the PBF changes with the 2
November 2019 � Vol 156 � Issue 5 American
different types of orthodontic appliances (the fixed
appliances and clear aligners).
MATERIAL AND METHODS

The study was reviewed and approved by the
Research Ethical Committee (Institutional Review Board)

The participants for this study were recruited from
new patients attending orthodontic clinics at the post-
graduate dental clinics/Jordan University of Science
and Technology between June and December 2017.
Forty-five patients were included in the study; a flow
chart of the patient's recruitment is presented in the
Figure. Selected subjects were white whose chronolog-
ical age ranged between 16-22 years at the start of or-
thodontic treatment. All subjects signed a consent
form to participate in this study after clarifying the pur-
pose of the intervention.

The following inclusion criteria were applied: (1) both
male and female subjects, (2) aged$16 years, (3) Class I
skeletal malocclusion, and (4) mild maxillary and
mandibular arches crowding. The exclusion criteria
were (1) poor oral hygiene, (2) previous orthodontic
treatment, (3) active periodontal disease, (4) missing
teeth, (5) deep carious teeth, (6) teeth with root resorp-
tion, (7) endodontically-treated teeth, (8) history of pre-
vious trauma, (9) restoration on measured teeth, (10)
medical conditions affecting blood vessels, and (7)
smoking. Patients were selected according to the inclu-
sion and exclusion criteria during the recruitment time.
All included subjects had mild crowding with contact
point displacements of \2 mm. Initial records (ortho-
pantomogram, lateral cephalogram, and study casts)
were taken for all subjects.

The sample size was calculated using an effect size
difference of 0.12 and a desired power of 0.80. The ef-
fect size was calculated using 2 group means and stan-
dard deviations (SDs) from a previously published study
(mean 1 5 10.37, SD1 5 0.58; mean 2 5 10.31,
SD2 5 0.45).17 With a minimum of 212 teeth per test
group completing the research, there was a minimum
of 80% power to detect a mean difference between
the two-sided testing and a 5% significance level.

The intervention was randomly allocated to either
group 1 or group 2 with a 1:1 allocation ratio. The
randomization was accomplished by using a coin toss
test. Blinding of clinician was not possible in this study.

Before the start of orthodontic treatment, the sub-
jects were referred to the periodontal department to
check periodontal conditions and for regular oral care.
According to the inclusion criteria, all selected patients
were diagnosed with a Class 1 malocclusion with a non-
extraction treatment plan and were allocated into 1 of 2
Journal of Orthodontics and Dentofacial Orthopedics
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Fig. Consolidated Standards of Reporting Trials flow chart showing patient flow during the trial.
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groups: group 1, fixed appliance group or group 2, clear
aligner group.

For group 1, 25 subjects (10 males and 15 females,
averaged age 18.77 6 1.13 years) were treated by the
same orthodontic postgraduate student (SA) using a pre-
adjusted edgewise fixed appliance (Gemini Bracket,
0.02200 Roth Prescription; 3M Unitek, Monrovia, Calif).
The standardized bonding technique was applied ac-
cording to the manufacturer's instructions. Teeth align-
ment in this group started using round 0.01400 NiTi
archwire. The 0.01400 NiTi archwire was placed into the
slots of the brackets and tied with elastomers by a
Figure of 8. During this stage, only tipping movement
was applied.

For group 2, 25 subjects (7 males and 13 females,
averaged age 19.04 6 1.61 years) were treated by the
same orthodontic postgraduate student using clear
aligner orthodontic appliance (eon Aligner; EON
Dental, Amman, Jordan). Treatment started by taking
American Journal of Orthodontics and Dentofacial Orthoped
radiographs, photographs, bite registration, and polyvi-
nyl siloxane impressions. The dental impressions and re-
cords were sent to the main company, and aligners were
manufactured and sent back after 2 weeks. Each patient
kit contained 6 stages. Patients were instructed to wear
the aligners full time (or at least 22 h/d). The first aligner
was worn for 2 weeks followed by the study aligner,
which was worn for 1 month.

PBF was measured for all teeth of the maxillary right
quadrant and the mandibular left quadrant (12 teeth per
subject). Measurements of the PBF in mm/s were taken
using LDF (Moor Instruments, Devon, United Kingdom)
with a wavelength of 780 nm and a dental probe MP 13
(Moor Instruments; 2 fibers, 0.25-mm diameter, centers
0.5 mm spaced apart). The flowmeter was calibrated
according to the manufacturer's instructions. Room
temperature was maintained from 20�C to 25�C.
Volunteers were provided with a 15-minute rest period
before each session.
ics November 2019 � Vol 156 � Issue 5



Table I. Means and SDs for PBF (mm/s) from baseline (T0) to week 4 (T4) for each measured tooth in both fixed appli-
ance and clear aligner treatment subjects

Tooth

Fixed appliance Clear aligner

T0
(n 5 30)

T1
(n 5 30)

T2
(n 5 30)

T3
(n 5 30)

T4
(n 5 25)

T0
(n 5 23)

T1
(n 5 23)

T2
(n 5 20)

T3
(n 5 20)

T4
(n 5 20)

11 7.67 (1.08) 6.55 (1.10) 5.36 (0.79) 4.46 (1.00) 7.50 (1.13) 7.17 (1.52) 6.01 (1.24) 4.82 (1.35) 4.26 (1.28) 7.09 (1.61)
12 7.75 (1.06) 6.55 (1.07) 5.14 (0.91) 4.41 (0.88) 7.70 (1.06) 7.45 (1.01) 6.11 (1.01) 4.89 (1.08) 4.25 (0.95) 7.45 (1.31)
13 7.63 (0.97) 6.48 (0.99) 5.38 (1.07) 4.51 (0.98) 7.56 (0.95) 7.80 (1.75) 6.54 (1.57) 4.98 (1.25) 4.36 (1.16) 7.55 (1.65)
14 8.03 (1.47) 6.76 (1.39) 5.71 (1.32) 4.84 (1.34) 8.10 (1.55) 7.57 (1.35) 6.57 (1.30) 5.11 (1.30) 4.43 (1.38) 7.52 (1.43)
15 8.49 (1.63) 7.03 (1.36) 5.86 (1.21) 5.05 (1.50) 8.25 (1.58) 8.33 (1.78) 7.12 (1.72) 5.61 (1.45) 4.78 (1.33) 8.18 (1.73)
16 8.63 (1.47) 7.44 (1.49) 6.43 (1.74) 5.39 (1.76) 8.44 (1.33) 8.13 (1.49) 6.86 (1.37) 6.01 (1.67) 5.34 (1.83) 8.22 (1.51)
31 7.71 (0.99) 6.52 (1.19) 5.42 (1.30) 4.38 (1.61) 7.60 (0.90) 7.49 (1.21) 6.32 (1.19) 5.00 (1.16) 4.40 (1.15) 7.37 (1.23)
32 7.84 (1.24) 6.42 (1.22) 5.73 (1.79) 4.70 (1.90) 7.64 (1.07) 7.64 (1.63) 6.54 (1.57) 5.22 (1.50) 4.49 (1.57) 7.40 (1.46)
33 8.03 (1.32) 6.49 (1.18) 5.54 (1.56) 4.31 (1.60) 7.88 (1.21) 7.69 (1.60) 6.44 (1.44) 5.04 (1.23) 4.38 (1.21) 7.46 (1.54)
34 8.39 (1.63) 7.03 (1.54) 6.08 (1.85) 4.67 (2.22) 8.28 (1.45) 7.98 (1.94) 6.76 (1.70) 5.27 (1.52) 4.56 (1.42) 7.76 (1.80)
35 8.54 (1.91) 7.25 (1.87) 6.20 (2.04) 4.76 (2.43) 8.42 (1.83) 8.20 (2.39) 6.85 (1.91) 5.47 (1.68) 4.94 (1.97) 7.98 (2.34)
36 7.98 (1.28) 6.66 (1.26) 5.77 (1.77) 4.69 (2.02) 7.84 (1.20) 7.97 (1.95) 6.63 (1.56) 5.32 (1.49) 4.68 (1.45) 7.84 (1.91)

Note. Values are mean (6SD).
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To stabilize the dental probe during measurements, a
silicon splint was fabricated.18 The retentive areas of the
brackets were covered with a layer of utility wax. Holes
were made below the marks of the brackets in the
mold with a stainless steel drill of 1.5-mm diameter to
allow the probe to pass through the mold to allow mea-
surement of teeth in the same position at different times.
PBF was recorded on the following time points, which
correspond to the reported time observed for pulpal
response to orthodontic force7,8: (1) Before fixed
appliance bond up in group 1 and before the insertion
of stage 1 clear aligners in group 2 subjects. These
values were considered as a baseline PBF (T0). (2)
Twenty minutes, 48 hours, 72 hours, and 1 month
after the fitting of the 0.014” NiTi archwire in group 1
and after the insertion of second stage clear aligner in
group 2 (T1, T2, T4, and T5, respectively).

PBF of 10 maxillary right central incisor teeth and 10
mandibular left first premolar teeth from 10 patients was
measured to determine whether there were any signifi-
cant variations in the PBF when no forces were delivered
to the teeth. Measurements were taken in 2 separate ses-
sions at 1-month intervals before treatment (without
forces). The Dahlberg formula was used to calculate
the standard error of the method S5 OSd2/2n.19 Hous-
ton's coefficient of reliability was also calculated.20 The
Dahlberg error was 0.6 mm/s and the coefficient of reli-
ability was 0.88 (95% confidence interval 0.86-0.92),
indicating substantial agreement.

Statistical analysis

Statistical analysis was performed using SPSS statis-
tical software (version 22; IBM, Armonk, NY). Shapiro-
November 2019 � Vol 156 � Issue 5 American
Wilk and Kolmogorov-Smirnov tests (0.921 and 0.172,
respectively) revealed that PBF data were normally
distributed (P . 0.05). Intention-to-treat analysis was
performed. Descriptive statistics for PBF values at the
different time intervals were calculated. A repeated-
measures analysis of variance (within-subject's analysis
of variance) test and a Bonferroni post-hoc comparison
test were conducted to examine and define the differ-
ences between PBF values at different time intervals
before and during orthodontic alignment. Independent
t tests were conducted to detect differences between
the 2 tested groups. Statistical significance was prede-
termined at the P # 0.05 level.

RESULTS

Mean and SD for PBF values at different times (T0-
T4) in the 2 treatment groups are shown in Table I.
PBF decreased after the insertion of both types of ortho-
dontic appliances; maximum reduction was reached
72 hours after insertion of both appliances.

In the fixed orthodontic appliance group, the base-
line PBF (T0) ranged from 7.63 to 8.63 mm/s and from
7.71 to 8.39 mm/s in the maxillary and mandibular
arches, respectively. The maximum decrease in PBF
was reached after 72 hours (T3) of archwire insertion;
the average PBF ranged from 4.41 to 5.39 mm/s and
from 4.31 to 4.76 mm/s in the maxillary and mandibular
arches, respectively.

In the clear aligner appliance group, the baseline PBF
(T0) ranged from 7.17 to 8.33 mm/s and from 7.49 to
8.20 mm/s in the maxillary and mandibular arches,
respectively. The maximum reduction in PBF was
reached after 72 hours (T3) of active force application
Journal of Orthodontics and Dentofacial Orthopedics



Table II. Differences between means, SDs, and P values for the PBF (mm/s) from baseline (T0) to week 4 (T4) for each measured tooth in fixed appliance sub-
jects

Tooth T0-T1 T0-T2 T0-T3 T0-T4 T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4
11 1.23 (0.33)*** 2.32 (0.75)*** 3.22 (0.85)*** 0.07 (0.13)** 1.19 (0.72)*** 2.09 (0.79)*** -1.12 (0.34)*** 0.90 (0.41)*** -2.19 (0.70)*** -3.15 (0.87)***
12 1.20 (0.67)*** 2.62 (0.91)*** 3.34 (0.83)*** 0.08 (0.09)*** 1.41 (0.89)*** 2.14 (0.81)*** -1.17 (0.74)*** 0.73 (0.96)*** -2.60 (0.93)*** -3.26 (0.79)***
13 1.15 (0.48)*** 2.25 (0.71)*** 3.12 (0.62)*** 0.09 (0.08)*** 1.10 (0.81)*** 1.97 (0.66)*** -1.11 (0.47)*** 0.87 (0.65)*** -2.21 (0.79)*** -3.12 (0.66)***
14 1.27 (0.75)*** 2.32 (0.96)*** 3.19 (1.26)*** 0.07 (0.10)** 1.05 (0.70)*** 1.92 (1.09)*** -1.28 (0.83)*** 0.87 (0.48)*** -2.38 (1.01)*** -3.35 (1.23)***
15 1.45 (0.85)*** 2.62 (1.04)*** 3.44 (1.35)*** 0.11 (0.10)*** 1.17 (0.82)*** 1.98 (1.25)*** -1.26 (0.80)*** 0.87 (0.64)*** -2.46 (1.04)*** -3.34 (1.43)***
16 1.19 (0.66)*** 2.20 (0.93)*** 3.24 (0.93)*** 0.12 (0.18)** 1.01 (0.63)*** 2.05 (0.81)*** -1.04 (0.74)*** 1.04 (0.35)*** -2.15 (1.03)*** -3.18 (1.02)***
31 1.19 (0.76)*** 2.28 (1.25)*** 3.33 (1.38)*** -0.07 (0.44) 1.10 (0.80)*** 2.14 (1.03)*** -1.27 (1.05)*** 1.05 (0.88)*** -2.28 (1.33)*** -3.42 (1.62)***
32 1.42 (0.89)*** 2.11 (1.00)*** 3.14 (1.22)*** 0.01 (0.49) 0.69 (1.23)** 1.77 (1.26)*** -1.43 (0.96)*** 1.03 (1.13)*** -2.13 (1.09)*** -2.04 (1.46)***
33 1.54 (0.81)*** 2.49 (1.27)*** 3.72 (1.13)*** -0.02 (0.55) 0.95 (0.90)*** 2.18 (0.99)*** -1.47 (1.01)*** 1.23 (1.10)*** -2.28 (1.14)*** -3.70 (1.19)***
34 1.36 (0.62)*** 2.31 (0.93)*** 3.72 (1.29)*** -0.05 (0.49) 0.95 (1.01)*** 2.36 (1.35)*** -1.45 (0.76)*** 1.41 (0.97)*** -2.34 (0.93)*** -3.88 (1.38)***
35 1.28 (0.77)*** 2.33 (1.06)*** 3.77 (1.25)*** -0.02 (0.44) 1.05 (0.95)*** 2.49 (1.23)*** -1.42 (0.88)*** 1.44 (1.28)*** -2.36 (1.07)*** -3.92 (1.34)***
36 1.36 (0.56)*** 2.20 (1.06)*** 3.30 (1.58)*** -0.00 (0.41) 0.84 (0.93)*** 1.98 (1.48)*** -1.28 (0.67)*** 1.09 (1.40)*** -2.25 (1.16)*** -3.43 (1.96)***

Note: Values are differences between means (SD).
**P\ 0.01, ***P\ 0.001.

Table III. Differences between means, SDs, and P values for the PBF (mm/s) from baseline (T0) to week 4 (T4) for each measured tooth in clear aligner appliance
subjects

Tooth T0-T1 T0-T2 T0-T3 T0-T4 T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4
11 1.16 (0.41)*** 2.29 (0.98)*** 2.90 (1.15)*** 0.06 (0.07)*** 1.14 (0.78)*** 1.73 (0.91)*** -1.10(0.41)*** 0.57 (0.67)*** -2.27(1.02)*** -2.84 (1.16)***
12 1.34 (0.48)*** 2.41 (0.96)*** 3.10 (1.26)*** 0.08 (0.13)* 1.21 (0.55)*** 1.86 (0.90)*** -1.29(0.49)*** 0.65 (0.64)*** -2.38(0.92)*** -3.00 (0.25)***
13 1.25 (0.40)*** 2.61 (1.30)*** 3.31 (1.26)*** 0.12 (0.11)*** 1.37 (1.17)*** 2.05 (1.14)*** -1.14(0.42)*** 0.62 (0.57)*** -2.57(1.33)*** -3.18 (1.25)***
14 1.00 (0.31)*** 2.41 (0.96)*** 3.17 (0.87)*** 0.06 (0.10)* 1.40 (0.81)*** 2.15 (0.66)*** -0.97 (0.29)*** 0.71 (0.52)*** -2.42(0.94)*** -3.09 (0.80)***
15 1.21 (0.49)*** 2.59 (1.17)*** 3.50 (1.15)*** 0.10 (0.09)*** 1.39 (1.07)*** 2.28 (0.94)*** -1.12(0.49)*** 0.83 (0.56)*** -2.57(1.16)*** -3.40 (1.12)***
16 1.27 (0.56)*** 2.24 (1.13)*** 2.96 (1.21)*** 0.08 (0.10)** 0.96 (0.97)*** 1.64 (0.26)*** -1.24(0.57)*** 0.68 (0.55)*** -2.21(1.15)*** -2.88 (1.18)***
31 1.17 (0.36)*** 2.41 (0.83)*** 3.01 (0.90)*** 0.04 (0.06)* 1.24 (0.58)*** 1.83 (1.16)*** -1.14(0.39)*** 0.59 (0.58)*** -2.39(0.88)*** -3.00 (0.90)***
32 1.10 (0.29)*** 2.25 (0.76)*** 3.00 (0.67)*** 0.09 (0.12)** 1.15 (0.58)*** 1.84 (0.69)*** -1.02(0.29)*** 0.73 (0.45)*** -2.19(0.80)*** -2.91 (0.65)***
33 1.25 (0.62)*** 2.49 (1.22)*** 3.19 (1.05)*** 0.12 (0.10)*** 1.23 (0.76)*** 1.90 (0.55)*** -1.17(0.65)*** 0.66 (0.48)*** -2.42(1.24)*** -3.07 (1.02)***
34 1.22 (0.45)*** 2.55 (0.81)*** 3.29 (0.84)*** 0.09 (0.10)** 1.34 (0.56)*** 2.07 (0.62)*** -1.12(0.43)*** 0.71 (0.47)*** -2.49(0.79)*** -3.20 (0.81)***
35 1.34 (0.75)*** 2.56 (1.49)*** 3.14 (1.92)*** 0.10 (0.09)*** 1.22 (0.83)*** 1.78 (1.30)*** -1.26(0.79)*** 0.54 (0.96)*** -2.51(1.54)*** -3.04 (1.90)***
36 1.35 (0.99)*** 2.49 (1.21)*** 3.20 (1.12)*** 0.04 (0.08) 1.15 (0.54)*** 1.83 (0.45)*** -1.32(1.07)*** 0.65 (0.42)*** -2.51(1.27)*** -3.16 (1.13)***

Note: Values are differences between means (SD).
*P\ 0.05, **P\ 0.01, ***P\ 0.001.
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Table IV. Mean differences and SDs for the PBF (mm/s) from baseline (T0) to week 4 (T4) for each measured tooth
between fixed appliance and clear aligner groups

Tooth
At T0

mean (SD) 95% CI
At T1

mean (SD) 95% CI
At T2

mean (SD) 95% CI
At T3

mean (SD) 95% CI
At T4

mean (SD) 95% CI
11 0.51 (1.73) -0.21

to 1.22
0.54 (1.61) -0.11

to 1.18
0.49 (1.58) -0.09

to 1.08
0.20 (1.78) -0.46 to 0.85 0.41 (2.05) -0.42

to 1.23
12 0.40 (1.56) -0.25

to 1.04
0.44 (1.49) -0.15

to 1.03
0.20 (1.32) -0.34

to 0.74
0.14 (1.40) -0.39 to 0.66 0.40 (1.81) -0.33

to 1.13
13 - 0.17 (1.95) -0.92

to 0.59
-0.06 (1.87) -0.77

to 0.65
0.37 (1.62) -0.27

to 1.00
0.15 (1.61) -0.47 to 0.76 0.01 (1.80) -0.78

to 0.80
14 0.46 (2.19) -0.33

to 1.25
0.19 (2.06) -0.56

to 0.94
0.58 (1.98) -0.14

to 1.30
0.45 (2.19) -0.33 to 1.23 0.59 (2.61) -0.30

to 1.49
15 0.16 (2.88) -0.79

to 1.10
- 0.09 (2.52) -0.94

to 0.76
0.26 (2.13) -0.46

to 0.99
0.27 (2.36) -0.56 to 1.10 0.07 (2.84) -0.93

to 1.06
16 0.50 (2.46) -0.32

to 1.33
0.58 (2.41) -0.22

to 1.38
0.47 (2.35) -0.48

to 1.42
0.05 (3.40) -0.99 to 1.09 0.22 (2.83) -0.64

to 1.07
31 0.22 (1.64) -0.39

to 0.83
0.20 (1.71) -0.46

to 0.86
0.44 (1.81) -0.25

to 1.13
- 0.23 (2.01) -0.86 to 0.82 0.22 (1.56) -0.42

to 0.86
32 0.21 (2.06) -0.58

to 0.99
- 0.12 (2.06) -0.88

to 0.65
0.52 (2.53) -0.41

to 1.45
0.16 (1.52) -0.87 to 1.20 0.24 (1.63) -0.53

to 1.00
33 0.35 (2.10) -0.46

to 1.15
0.05 (2.03) -0.67

to 0.77
0.50 (2.10) -0.30

to 1.29
- 0.08 (2.32) -0.92 to 0.77 0.42 (1.70) -0.41

to 1.26
34 0.41 (2.77) -0.58

to 1.39
0.27 (2.67) -0.64

to 1.18
0.83 (2.54) -0.13

to 1.78
0.10 (3.10) -1.03 to 1.33 0.52 (2.50) -0.46

to 1.50
35 0.34 (2.34) -0.84

to 1.53
0.40 (2.99) -0.65

to 1.45
0.76 (2.90) -0.30

to 1.81
- 0.18 (3.65) -1.49 to 1.14 0.44 (3.34) -0.81

to 1.69
36 -0.01 (2.39) -0.91

to 0.89
- 0.01 (2.23) -0.81

to 0.77
0.44 (2.57) -0.47

to 1.36
0.01 (2.83) -1.06 to 1.07 - 0.03 (2.25) -0.99

to 0.93

CI, confidence interval.
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(second aligner); the average PBF ranged from 4.25 to
5.34 mm/s and from 4.38 to 4.94 mm/s in the maxillary
and mandibular arches, respectively.

Differences between the means, SDs, and P values for
PBF from baseline (T0) to 1 month (T4) for each
measured tooth for both fixed and clear aligners are
shown in Tables II and III .

In both treatment groups, most changes in the maxil-
lary and mandibular arches occurred within 48 hours
(P\ 0.001) and continued to decrease until 72 hours
but to a lesser extent (P\ 0.001). The PBF returned to
its normal values within 1 month.

The mean differences and standard errors of PBF
values from baseline (T0) to 1 month (T4) for each
measured tooth between fixed appliance and clear
aligner groups are shown in Table IV.

PBF values for each measured tooth at different time
intervals were comparable between the 2 groups, and the
differences did not reach any statistical significance
(P . 0.05).

DISCUSSION

This study was conducted to evaluate the effect of
clear aligners on the PBF of maxillary and mandibular
teeth compared with the conventional fixed orthodontic
November 2019 � Vol 156 � Issue 5 American
appliance. Clear aligners have been reported to deliver a
higher initial level of force than the NiTi archwire,15

which may negatively affect pulp vitality.21 All patients
included in this study had mild crowding with contact
point displacements of\2 mm. The archwire used for
the initial alignment in the fixed appliance treatment
group was a super elastic 0.014” NiTi to produce a con-
stant force and deliver light forces to treated teeth.22,23

To enable comparison with previous studies,1,8,24 the
time-point measurements selected in this study (20 mi-
nutes, 48 hours, 72 hours, and 1 month of orthodontic
force application) were set in accordance with the 3
phases of orthodontic movements: the initial phase,
the lag phase, and the postlag phase. The initial phase
is characterized by immediate and rapid movement
and occurs 24-48 hours after the first application of
force to the tooth, which is attributed to the displace-
ment of the tooth in the PDL space. The lag phase shows
relatively little to no tooth displacement and lasts for 20-
30 days. This phase is marked by PDL hyalinization in the
region of compression. The postlag phase follows the lag
phase, during which the rate of movement increases.25

However, in the current investigation, PBF was
measured for maxillary and mandibular teeth rather
than for a single tooth type with a reasonably good
Journal of Orthodontics and Dentofacial Orthopedics
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sample size. In addition, this study compared PBF with 2
orthodontic appliance types.

A silicone splint was used to reduce contamination
from the gingival region and to act as an optical barrier.
Previous researchers recommended the use of rubber
dam during PBF recording with LDF because it acts as
an optical barrier and compresses the gingival region,
thus reducing the regional blood flow.1,26,27 In this
study, a rubber dam was not used because it is
difficult to control the resulting compression when a
fixed orthodontic appliance is present.

In the current study, there was a decrease in PBF
20 minutes after the application of orthodontic force
in both orthodontic appliances, which is in agreement
with previous studies.8,16,24 Reduction in PBF in both
treatment groups was also observed at 48 hours and
72 hours. This was in accordance with the results
obtained by Sano et al1 and Salles, Salles, and No-
gueira24 and contrary to the results of McDonald and
Pitt Ford8 who reported subsequent increase in PBF at
24 hours and 48 hours using removable appliance.
Reduction of PBF may be explained by the constriction
of vessels that enter and leave the apical foramen
through the action of the dental dislocation immediately
after force application and by the increase in the intersti-
tial pressure in the pulp chamber caused by the inflam-
matory process induced by orthodontic forces.7

After 1 month of force application in both treatment
groups, PBF returned to its original values suggesting
that the forces were already decaying and any inflamma-
tory process that occurred during the initial phase was
reversing. A similar finding was reported by Salles, Salles,
and Nogueira24 Unfortunately, the exact time point be-
tween 72 hours and 1-month measurements at which
PBF returned to its original values could not be deter-
mined; a point that could be considered in future studies
by adding further measurement points earlier than
1 month (eg, 1 week and 2 weeks).

The results of the present study suggested no signif-
icant difference in PBF changes during alignment of
teeth using fixed or clear aligner orthodontic appliances.
This may be due to similar magnitude of the force
applied by the 2 appliances. However, Duong and
Kuo15 suggested that LDR of the polyurethane was
greater than that of the NiTi archwire, whereas Kravitz
et al14 reported that the mean accuracy of tooth move-
ment with clear aligners was 41%, and McGorray et al28

reported that more orthodontic tooth movement
occurred during the first week than during the second
week of aligner wear for each 2-week prescription cycle.
It seems that material fatigue may inhibit aligners from
fully expressing their potential or prescription.
American Journal of Orthodontics and Dentofacial Orthoped
The clinical significance of this study is that force
application during orthodontic alignment using fixed
or clear aligner appliances does not produce any perma-
nent pulpal damage, and the occasional reports in clin-
ical practice of loss of vitality as a consequence of
orthodontic treatment could be associated with other
factors, like trauma, rather than the orthodontic force it-
self. This implies that both orthodontic appliances can
be interchangeably used to treat mild crowding without
pulp damage concerns.

Limitations of this study may include high female:-
male ratio, the PBF was measured on teeth with different
types of orthodontic movements (proclination, extrusion,
intrusion, retroclination), the presence of an orthodontic
bracket in the middle of measured teeth, which could
interfere with the ideal location point of the LDF probe,
and the necessity to stabilize the LDF probe for proper
reading. In addition, the use of a coin toss to randomly
assign patients to a test group can be weighted to the
call of the tosser, thus abolishing the 50:50 chance.28,29

CONCLUSIONS

PBF in orthodontically treated teeth decreased 20mi-
nutes after orthodontic force application in both fixed
and clear aligner appliances. In both treatment groups,
most changes in the maxillary and mandibular arches
occurred within 48 hours and continued to decrease un-
til 72 hours but to a lesser extent. PBF returned to its
normal values within 1 month. Changes in PBF in both
treatment groups were comparable.
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