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Pulp blood flow changes in maxillary 
and mandibular anterior teeth after orthodontic 
retraction: a prospective study
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Abstract 

Background:  Previous studies of pulpal blood flow (PBF) changes in anterior teeth have been limited in the early 
phase of orthodontic treatment; less is known about the blood supply of anterior teeth in bimaxillary protrusion 
patients after orthodontic retraction.

Methods:  Fifty bimaxillary protrusion patients (25 orthodontic patients ready for debonding and 25 non-orthodontic 
patients) were selected as study participants. The PBF of maxillary and mandibular anterior teeth were measured 
using laser Doppler flowmetry. For orthodontic patients, the PBF was measured at 1 day (T1), 1 month (T2), and 3 
months (T3) after fixed appliance removal. Non-orthodontic patient PBF was measured as a control. Cone-beam 
computed tomography (CBCT) examinations before and after orthodontic treatment were performed for orthodontic 
patients to measure the root resorption. The anterior teeth in orthodontic group were further divided into subgroups 
according to root resorption and patient age.

Results:  At T1 and T3, PBF changes did not differ significantly between the orthodontic and non-orthodontic groups. 
Maxillary lateral incisor, maxillary central incisor, and mandibular lateral incisor PBFs at T2 were significantly higher 
in the orthodontic group (P = 0.048, P = 0.04, and P = 0.021). No significant difference in PBF was found between 
the root resorption and non-resorption subgroups at any time point. Adolescent patients showed a higher PBF in 
the maxillary lateral incisor at T2 (12.23 ± 3.48) relative to that at T1 (9.10 ± 3.76) and T3 (9.81 ± 2.80) with statistically 
significant difference (P = 0.020).

Conclusion:  For bimaxillary protrusion patients with four premolars extraction, PBF in the maxillary anterior teeth 
increased transiently after orthodontic appliance removal and then returned to non-orthodontic levels 3 months 
later. This effect was more pronounced in adolescents. The PBF of anterior teeth after orthodontic retraction may not 
be influenced by root resorption.
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Background
Bimaxillary protrusion is characterized by proclined 
anterior teeth and protruding lips, which is common 
in patients with class I and class II malocclusion, espe-
cially in Asian population [1, 2]. To reduce the convex-
ity of the profile and improve the lip competency in 
such cases, treatment plans often include the extraction 
of four premolars and retraction of the anterior teeth. 
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The dental pulp status of anterior teeth after retrac-
tion treatment is an essential concern for orthodontists 
and endodontists. Histological studies have shown that 
orthodontic force can cause alterations in the dental 
pulp, such as circulatory disturbance, edema, vacuoli-
zation, and the induction of tissue fibrosis [3–5]. The 
dental pulp tissue may undergo processes ranging from 
circulatory vascular stasis to necrosis after orthodontic 
force application [6]. The prevalence of pulp necrosis 
after orthodontic treatment has been observed to range 
from 1 to 14% [7, 8]. While, some studies indicated that 
orthodontic force and tooth movement cause reversible 
metabolic changes in the dental pulp and do not induce 
the loss of dental pulp vitality [9–11]. At present, 
the pulp response to orthodontic treatment remains 
unclear.

Considering these influences of orthodontic force, the 
dental pulp vitality should be evaluated during and after 
orthodontic treatment. Commonly used pulp tests, such 
as electrical and thermal pulp tests, have limited ability to 
accurately reflect the pulp status [12]. These tests reflect 
only the pulpal neural response, which is subjective and 
unreliable. Laser Doppler flowmetry (LDF) is one of the 
most accurate and non-invasive methods for the veri-
fication of dental pulp vitality, as it involves the direct 
measurement of the PBF, rather than reliance solely on 
the patient response, as in other tests [12–14]. The prin-
ciple of LDF is Doppler shift, which allows light beam to 
pass through the enamel and dentin toward the dental 
pulp and be reflected by the moving erythrocytes. Typi-
cally, the decrease in PBF is associated with a reduction 
in oxygen tension, which increases the possibility of pulp 
tissue injury [15, 16]. For bimaxillary protrusion patients, 
the blood supply to the dental pulp through the apical 
foramen could become compromised by long-distance 
retraction movement and long-term orthodontic force 
application [8, 17].

Currently, studies of PBF changes with anterior teeth 
movement have been mainly focused on the assess-
ment of intrusive and extrusive movement effect [18–
20]. Brodin et  al. analyzed the effects of intrusion and 
extrusion forces on the PBF in the maxillary incisors 
using LDF, and found a temporary decrease in PBF 
after orthodontic intrusion [19]. Sabuncuoglu et al. also 
found that the change in PBF during the intrusion of 
the maxillary incisor with mini-implants was revers-
ible, which decreased at 3 days and then increased at 3 
weeks [20]. While, less is known about the blood supply 
of anterior teeth after long-distance retraction. Only 
one study has involved the examination of PBF changes 
in maxillary canines during retraction [21]; it revealed 
an increase in PBF during retraction, in contrast to 
other findings. To our knowledge, the PBF changes of 

anterior teeth in bimaxillary protrusion patients after 
retraction treatment have not been investigated.

Besides, most studies have focused on the effect 
of orthodontic force on the PBF in the early phase of 
orthodontic treatment (4  min–6 months after ortho-
dontic force application) [11, 20, 22, 23]. Their results 
showed that orthodontic force was associated with 
a reduction in PBF, followed by a return to the pre-
treatment level. Notably, the duration of orthodon-
tic treatment is approximately 2 years, and long-term 
force application might jeopardize the pulp vitality of 
anterior teeth. Hence, the pulp status of anterior teeth 
undergoing long-distance retraction movements for 
extended periods of time should be investigated. The 
aim of this study is to examine PBF changes in maxil-
lary and mandibular anterior teeth using LDF after 
orthodontic retraction, and to explore the effects of 
root resorption and age on PBF changes.

Methods
Participants
This prospective study was approved by the Peking 
University School and Hospital of Stomatology Eth-
ics Committee (PKUSSIRB-202,168,141). All study 
participants or their guardians have provided writ-
ten informed consent prior to enrollment. The 
bimaxillary protrusion patients who had completed 
orthodontic treatment and were ready for debonding, 
and non-orthodontic bimaxillary protrusion patients, 
were recruited in this study. The inclusion criteria were: 
(1) age 12–30 years, (2) bimaxillary protrusion (class I 
molar relationship, interincisal angle < 125°, lower and 
upper lips in advance of the E-line), (3) mild crowding 
(< 3  mm), (4) healthy periodontal and pulp statuses of 
the upper and lower anterior teeth before orthodon-
tic treatment, and (5) complete root formation of the 
anterior teeth. The exclusion criteria were: (1) missing 
anterior teeth, (2) anterior-tooth crown or implant, 
(3) systemic disease, and (4) smoking. The orthodon-
tic patients were treated by the same experienced 
orthodontist using pre-adjusted MBT appliances (3  M 
Unitek, Monrovia, CA, USA). The treatment involved 
the extraction of the four first premolars and retrac-
tion of the anterior teeth. The sliding mechanics with 
0.019 × 0.025 inch stainless steel archwires were used 
for en masse retraction of anterior teeth. The bilateral 
retraction force was 150  g [24–26], and was reacti-
vated every 4 weeks. Cone-beam computed tomogra-
phy (CBCT) examinations before and after orthodontic 
treatment were performed to examine the root resorp-
tion. Non-orthodontic control patients were selected 
by age and sex matching.
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Sample size calculation
Sample size was calculated using Power Analysis and 
Sample Size for Windows software (PASS 2000, NCSS, 
Kaysville, UT, USA). Based on a previous study [22], a 
minimum sample size of 22 patients in each group were 
sufficient to detect the clinically significant differences (a 
PBF change of 0.98) with 80% power at 5% significance 
level (two-sided). To allow for possible dropouts during 
the study, a total of 50 bimaxillary protrusion patients, 
including 25 orthodontic patients and 25 non-orthodon-
tic patients, were included in this study.

Groups
The PBF in maxillary and mandibular anterior teeth 
between Orthodontic group (OG) and Non-orthodontic 
group (NG) were firstly compared. To explore the effect 
of root resorption on PBF, the root lengths (distances 
between the cementoenamel junction and root apex) of 
orthodontic patients’ maxillary and mandibular ante-
rior teeth were measured on pre- and post-treatment 
CBCT images (Fig.  1). Based on root resorption condi-
tion, the anterior teeth in orthodontic patients were then 
divided into Subgroup 1 (root resorption: root length 
decrease ≥ 1  mm, with the root appeared blunted with 
rounded apices) and Subgroup 2 (root non-resorption: 
root length decrease < 1  mm). Besides, orthodontic 
patients were further divided into Subgroup A (ado-
lescent, age < 18 years) and Subgroup B (adult, age ≥ 18 
years) based on their pre-treatment ages.

PBF measurements
The PBF in the maxillary and mandibular anterior teeth 
(canines, lateral incisors, and central incisors) were 
measured using LDF (PeriFlux 5000, Perimed AB, Stock-
holm, Sweden), according to the manufacturer’s instruc-
tions. The laser wavelength was 780  nm, and the probe 
fiber separation was 0.5  mm. For orthodontic patients, 
the PBF was measured at three time points: 1  day after 
fixed appliance removal (T1), 1 month after fixed appli-
ance removal (T2), and 3 months after fixed appliance 
removal (T3). For non-orthodontic patients, the PBF was 
measured to obtain control values.

To ensure the accuracy and reproducibility of the LDF 
probe position on the same tooth surfaces at each time 
point, an individual customized silicone splint was used 
in our study. As shown in Fig. 2, a plaster model of each 
patient was used to construct a two-component silicone 
splint (Silagum; DMG GmbH, Hamburg, Germany). To 
avoid signal contamination from gingival tissues, the cus-
tomized silicone splint with 4–5  mm thickness covered 
all anterior teeth and the surrounding areas. The hole 
in the splint was placed 3  mm from the gingival mar-
gin and at the mesiodistal center of each anterior tooth. 
Before PBF measurement, the patient rested in the den-
tal chair for at least 10 min. The probe was inserted ver-
tically into the hole of the silicone splint to contact the 
tooth surface. The measurement was continued until at 
least 2 min stable data were recorded. All measurements 
were performed by the same examiner (QY) under the 

Fig. 1  Diagram of root length measurement: vertical distance from the root apex to cementoenamel junction level (red line). A, pre-treatment root 
measurement; B, post-treatment root measurement
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same environmental conditions. To ensure the accuracy 
of measurement, the LDF was calibrated once a month 
using the commercial motility standard (PF1001, Per-
imed, Stockholm, Sweden), which was a colloidal suspen-
sion of latex particles. The LDF data were transferred to 
Perisoft software (Perimed PSW2.5, Gastrosoft Inc; Jar-
falla, Sweden) for further analysis. The mean perfusion 
units of stable values were calculated as the main out-
come. To increase the sample size, the left and right sides 
of the anterior teeth in each including patient were ana-
lyzed separately.

Statistical analysis
The data were analyzed using SPSS software (version 
26; SPSS, Chicago, IL, USA). The Shapiro–Wilk test was 
used to evaluate the normality of measurement distribu-
tions. For normally distributed measurements, repeated-
measures analysis of variance with the post-hoc least 
significant difference test was used to evaluate differences 
among the three time points. The independent-samples 
t test was used to compare mean differences between 
groups. The Wilcoxon signed-rank test was performed 

when the measurement distributions were not normal. 
Statistical significance was set at P < 0.05.

Results
The mean PBF values for anterior teeth in OG at the 
three time points and in NG are shown in Table 1. In OG, 
the PBF in all maxillary anterior teeth exhibited a tran-
sient increase at T2 and a decrease at T3; the increase 
differed significantly only in the maxillary central inci-
sors (P = 0.019), in which PBF was significantly higher at 
T2 (9.24 ± 3.31) than at T1 (7.50 ± 3.17). No significant 
difference in PBF in the mandibular teeth among the 
three time points was observed. Compared with those 
in NG, PBFs in the maxillary lateral incisors, maxillary 
central incisors, and mandibular lateral incisors at T2 
were significantly higher in OG (P = 0.048, P = 0.04, and 
P = 0.021). No significant difference in PBF was observed 
between groups at T3, indicating that the PBF in the 
anterior teeth in patients undergoing extraction had 
returned to the non-orthodontic level at 3 months after 
appliance removal.

Fig. 2  Diagram of pulpal blood flow (PBF) measurement. A, laser Doppler flowmetry; B, an individual-customized silicone splint; C, clinical 
photograph of PBF measurement

Table 1  The comparison of PBF value in orthodontic patients at three time points and non-orthodontic patients

a Results of One-way analysis of variance; *P < 0.05; & T1 vs. T2, P < 0.05

Teeth Orthodontic group (OG, n = 50) Non-orthodontic 
group (NG, 
n = 50)

OG T1 vs. NG OG T2 vs. NG OG T3 vs. NG

T1 T2 T3 Pavalue

Maxillary Canines 9.21 ± 4.35 10.74 ± 5.34 10.42 ± 4.36 0.259 9.32 ± 5.06 0.885 0.163 0.102

Maxillary lateral incisors 8.87 ± 3.73 9.90 ± 3.49 9.07 ± 2.97 0.338 8.87 ± 4.59 0.579 0.048* 0.215

Maxillary central incisors 7.50 ± 3.17 9.24 ± 3.31& 8.20 ± 3.16 0.019* 7.62 ± 3.70 0.896 0.004* 0.179

Mandibular Canines 11.54 ± 4.59 11.33 ± 4.80 11.08 ± 4.05 0.872 11.04 ± 5.95 0.226 0.416 0.469

Mandibular lateral incisors 11.44 ± 4.68 11.95 ± 4.30 11.21 ± 4.72 0.608 9.75 ± 5.01 0.072 0.021* 0.121

Mandibular centrals 11.70 ± 5.53 11.37 ± 5.12 11.86 ± 4.89 0.855 10.18 ± 4.69 0.234 0.285 0.076
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The anterior teeth in OG were further divided into 
Subgroup 1 (root resorption subgroup) and Subgroup 2 
(root non-resorption subgroup); the results of PBF com-
parison between Subgroup 1 and Subgroup 2 are shown 
in Table 2. The root resorption prevalence was 10% in the 
maxillary canines, 34% in the maxillary lateral incisors, 
50% in the maxillary central incisors, 18% in the mandib-
ular canines, 46% in the mandibular lateral incisors, and 
32% in the mandibular central incisors. No significant 
difference in PBF was found between Subgroup 1 and 
Subgroup 2 at any of the three time points. In addition, 
the PBF change during the first 3 months after appli-
ance removal showed no significant difference within 
subgroups.

The orthodontic patients were further divided based 
on age into Subgroup A (9 adolescent patients; mean age, 
14.44 ± 1.33 years) and Subgroup B (16 adult patients; 
mean age, 26.38 ± 5.12 years). Table  3 shows the com-
parison of PBF in the anterior teeth between Subgroup 
A and Subgroup B at the three time points. The PBFs in 
the maxillary canines, maxillary lateral incisors, man-
dibular canines, mandibular lateral incisors, and man-
dibular central incisors at T2 were significantly higher 
in Subgroup A than Subgroup B (P = 0.002, P = 0.001, 
P = 0.002, P = 0.009, and P = 0.011), whereas the PBFs in 
all anterior teeth at T1 and T3 did not differ significantly 
between subgroups. In Subgroup A, the maxillary lat-
eral incisors had a higher PBF at T2 (12.23 ± 3.48) than 
at T1 (9.10 ± 3.76) and T3 (9.81 ± 2.80) with statistically 
significant difference (P = 0.020). In Subgroup B, the PBF 
did not differ significantly during the first 3 months after 
appliance removal.

Discussion
The response of dental pulp to orthodontic force has 
been discussed widely. A series of changes in dental 
pulp could occur after force application, such as cir-
culatory disturbance, edema, vacuolization, and fibro-
hyalinosis [4, 5]. Javed et  al. and Weissheimer T et  al. 
systematically reviewed the influence of orthodontic 
treatment on dental pulp, and both concluded that the 
evidence is insufficient to prove that orthodontic treat-
ment causes irreversible changes to the dental pulp [27, 
28]. Hence, the state of dental pulp should be monitored 
during and after orthodontic treatment. Among the pulp 
vitality tests, the PBF measurement could provide an 
accurate and reliable assessment of pulp status [14]. LDF 
is a well-documented and noninvasive method of directly 
evaluating PBF without causing pulp damage and relying 
on patient’s response [13].

Recent studies have used LDF to evaluate the PBF 
change during the early phase of orthodontic treatment 
[11, 19, 20, 22, 29–31]. Brodin et  al. and Sabuncuoglu 

et al. both demonstrated that intrusive force could tem-
porarily decrease the PBF of anterior teeth [19, 20]. 
Ersahan et  al. reported that the decrease of PBF was 
also reversible during the intrusion of the maxillary first 
molar [11]. Elham S. et al. found that there was no signifi-
cant difference in PBF changes between conventional and 
self-ligating fixed appliances, which both reduced within 
48  h, increased after one week and returned to original 
level after one month [22]. Another study also conducted 
by Elham S. et al. revealed that the PBF changes caused 
by clear aligners and fixed appliances were not signifi-
cantly different [31]. These studies all indicated that the 
PBF tends to decrease transiently before returning to 
the baseline level several weeks later. After orthodon-
tic force application, a temporary disruption in the pulp 
blood supply may occur due to the compression of peri-
apical vessels, which is associated with a decrease in oxy-
gen tension; this type of disruption increases the risk of 
cellular injury in pulp tissue [15, 16]. However, the PBF 
observation durations in these studies were relatively 
short; thus, their results reflect only the short-term effect 
of orthodontic treatment on PBF. Prolonged force appli-
cation and the long-distance movement of anterior teeth 
may jeopardize pulp vitality. In the current study, we ana-
lyzed the PBF in the maxillary and mandibular anterior 
teeth after orthodontic retraction.

In our study, the PBF in the maxillary and mandibular 
anterior teeth after orthodontic retraction was similar to 
that in non-orthodontic patients, confirming that ortho-
dontic retraction did not jeopardize the dental pulp blood 
supply. Although the PBF has been reported to decrease 
temporarily after orthodontic force application, it even-
tually returns to the non-orthodontic level. Interestingly, 
we also observed a temporary increase in the PBF in the 
maxillary anterior teeth 1 month after appliance removal, 
probably due to the alleviation of vascular compression 
caused by tooth movement. Blood vessel dilation occurs 
temporarily after the removal of orthodontic force; how-
ever, the apical circulation recovers gradually with the 
regeneration of pulp vessels. The PBF in the maxillary 
anterior teeth returned to the non-orthodontic level at 3 
months after appliance removal. The transient increase in 
PBF after appliance removal was more significant in the 
maxillary anterior teeth than in the mandibular anterior 
teeth. One possible explanation for this difference is that 
the former underwent more apical movement. Apical 
movement of the mandibular incisors is limited due to 
the thinness of the surrounding alveolar bone. Hence, the 
PBF in the mandibular anterior teeth was relatively stable 
during the first 3 months after appliance removal.

Dental pulp responses may vary according to the type 
of tooth movement and the magnitude of orthodontic 
force [30, 32]. Previous studies have focused mainly on 
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the effect of intrusive force on PBF [18, 20, 29]. Ikawa 
et al. and Sano et al. reported that intrusive force caused 
a temporary reduction in PBF in the maxillary incisors, 
with a return to the baseline level several weeks later 
[18, 29]. At present, only one study has involved analy-
sis of the response of dental pulp to retraction force [21]. 
Sabuncuoglu et  al. reported that the PBF in the maxil-
lary canines increased immediately after retraction force 
application, decreased 1 week later, and returned to a 
near-baseline level 1 month later. Hence, the changes in 
the dental pulp blood supply during intrusive and retrac-
tion movements may differ. The magnitude of dental pulp 
inflammation is commonly related to that of orthodontic 
force. Greater orthodontic force is recognized to cause 
more significant PBF reductions. Sabuncuoglu et  al. 
reported that the PBF was reduced significantly after 
intrusion with great force (120 g) compared with the use 
of a slighter force (40 g) [20]. A finite element study also 
indicated that the stress at apical third of pulp during the 
teeth movement is smaller than that at neurovascular 
bundle, a light force did not compromise the PBF [33]. 
Hence, the use of slight force to induce tooth movement 
is necessary to minimize the damage to the dental pulp 
and decrease the occurrence of root resorption. In this 
study, the retraction force was 150 g, applied at 1-month 
intervals.

The change in dental pulp status during orthodontic 
treatment is complex, with a series of biological events in 
pulp tissue triggered by orthodontic force. The response 
of pulp tissue to orthodontic force has been reported 
to exhibit a transition from acute to chronic inflamma-
tory conditions [27, 28]. The pulp blood vessels experi-
ence three phases after orthodontic force application: 
hyperemia, ischemia, and recovery. The release of neu-
rotransmitters, cytokines, and metabolites, such as epi-
thelial growth factor and interleukin 1, play an important 
role in pulp blood supply changes, especially the angio-
genic response [34–36]. Force application is re-activated 
monthly over the course of orthodontic treatment, lead-
ing to cycles of inflammation. Under these conditions, 
the dental pulp tissue, like other connective tissues, has 
an elevated repair capacity and can adapt to the ortho-
dontic force [37]. The dental pulp has been reported to 
show an extraordinary ability to withstand a long-term 
continuous heavy force [32]. On the other hand, ortho-
dontic tooth movement could stimulate odontoblasts to 
form secondary dentin. The 3-D volumetric assessment 
of dental pulp space could be achieved by several medi-
cal imaging tools [38]. Several studies have shown that 
the pulp cavity volume in the anterior teeth decreases 
after orthodontic treatment [7, 39]. The incidence of pulp 
stone formation was also found to increase, as orthodon-
tic force promotes pulp tissue calcification [40]. These 

changes in tissue mineralization may further affect the 
dental pulp blood supply. Taken together, our results 
indicate that the adaptation of dental pulp tissue dur-
ing orthodontic treatment eventually results in a steady 
blood flow.

Root resorption caused by orthodontic force is com-
mon, especially in patients who have undergone four pre-
molars extraction. The amount of root displacement is 
an essential factor in root resorption [41]. Consequently, 
there is a high incidence of root resorption in anterior 
teeth with significant retraction. As the root resorption 
is a change in three-dimensional morphology, the CBCT 
was used in our study due to its superior accuracy and 
sensitivity in detecting root resorption [42]. We found 
that the prevalence of root resorption in the maxillary 
and mandibular anterior teeth ranged from 10 to 50%, 
consistent with previous findings [43, 44]. In this study, 
we first analyzed the PBF in anterior teeth with and 
without root resorption. Although the apical foramina 
of the anterior teeth were open in the root resorption 
subgroup, PBF after appliance removal did not differ 
significantly between subgroups. A possible explanation 
for this finding is that the restoration of the pulp blood 
supply occurred at the end of the orthodontic treatment. 
The PBF was relatively stable regardless of whether the 
apical foramen was open. It is worth mentioning that no 
severe root resorption (loss of more than one-third of the 
root length) was observed in this study. The maximum 
amount of root resorption in our patients was 2.67 mm. 
On the other hand, root resorption presumably stops 
after the removal of orthodontic force [45]. The open api-
cal foramen could subsequently narrow with the physi-
ological formation of secondary dentin. Hence, mild to 
moderate root resorption caused by orthodontic treat-
ment may not influence the dental pulp status. Notably, 
our results are inconsistent with those of Younessian 
et  al., who reported a correlation between root resorp-
tion and electric pulp test (EPT) responses during ortho-
dontic treatment and found a significant association 
between decreases in EPT responses and increased root 
resorption [46]. Methodological differences contributed 
to the inconsistency of results between studies. Younes-
sian et  al. measured root resorption by periapical radi-
ography, whereas we diagnosed it by CBCT. Compared 
with the EPT, PBF measurement is more suitable for the 
assessment of dental pulp health.

Age-related changes in dental pulp circulation also 
play an important role in the dental pulp status during 
orthodontic treatment. A histological study has shown 
that the PBF decreases with age due to reductions in 
the number of blood vessels and amount of pulp [47]. 
With increasing age, the formation of secondary dentin 
and cementum could lead to the narrowing of the pulp 
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chamber and root apex, which would compromise den-
tal blood flow and the lymphatic and nervous systems. 
Hence, the dental pulp blood supply in adolescent and 
adult patients may differ. Additionally, the thickness of 
mineralized tissue may influence light penetration into 
teeth during LDF measurements. At present, only one 
study has investigated the effect of age on dental pulp 
circulation during 1 month of orthodontic treatment; 
it revealed that the decrease in PBF was more severe in 
older patients than in younger patients [23]. In our study, 
we analyzed the effect of age on dental pulp circulation 
after orthodontic treatment. After the removal of ortho-
dontic force application, transient blood vessel dilation 
was more significant in adolescent than in adult patients. 
This difference is probably attributable to the high blood 
supply to pulp tissue in adolescent patients. Although 
the PBF in the anterior teeth during the 3-month period 
after orthodontic treatment was higher in adolescent 
patients than in adult patients, the difference was not 
significant.

Limitations
This study is not without limitations. First, the sample 
was relatively small. Two sides of the dentition were 
analyzed separately to double the sample size. Second, 
the pre-treatment PBF values for the orthodontic group 
was lacked, which prohibited determination of whether 
the PBF returned to the baseline level after orthodontic 
extraction treatment. For this reason, non-orthodontic 
patients served as the control group. The PBF at T3 did 
not differ significantly between orthodontic and non-
orthodontic patients. Our results indicated that the en 
mass retraction of maxillary and mandibular anterior 
teeth with an appropriate force level would not com-
promise the dental pulp health. Future studies with 
large sample size and pre- and post-treatment PBF val-
ues are required to confirm our results. Third, although 
the pulp blood supply determined by LDF is the most 
accurate indicator of dental pulp health, the threshold 
value of blood supply triggering pulp necrosis remains 
unclear.

Conclusion
The PBF in the maxillary and mandibular anterior teeth 
at 1 day after orthodontic appliance removal was not sig-
nificantly different from that in non-orthodontic patients.

The PBF in the maxillary central incisors had increased 
transiently at 1 month after orthodontic appliance 
removal and returned to the non-orthodontic level 3 
months later.

The PBF in the maxillary and mandibular anterior teeth 
after orthodontic retraction may not be influenced by 
root resorption.

The transient increase in PBF at 1 month after appli-
ance removal was more obvious in adolescent than in 
adult patients.
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