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The case we presented is characterized by large dimensions,
compared with the cases reported by other authors. Most of the
cases reported were female patients. Female patients felt that their
condition is a deformity, often shun contact with other people,
and experience a decline in social relationships.

Hard palate schwannoma relapse after excision is very rare: only
a case 3 years after surgery is described in the literature.10

With this article, we report a rare case of giant schwannoma.
Conservative surgery is the preferred treatment for such tumors.
Medical history, dimensions, and accurate postoperative follow-up
play an important role.
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Changes in Dental Pulp Blood
Flow of Different Maxillary Tooth
Types After Le Fort I Osteotomy
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Abstract: This study examined the effects of Le Fort I (LF-I)
osteotomy on pulpal blood flow (PBF) in maxillary teeth during a
12-month postsurgical period. A laser Doppler flowmeter was used
to measure PBF in maxillary incisors, canines, and first premolars
of 14 patients undergoing LF-I osteotomy (study group), 7 patients
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undergoing mandibular osteotomy (surgical control group), and
7 nonsurgical controls. The PBF was measured at baseline (preoper-
atively) and at 1 week and 1, 3, 6, and 12 months postoperatively
and at similar intervals in nonsurgical control subjects. Data were
evaluated using Kruskal-Wallis and post hoc Mann-Whitney tests.
Changes in PBF over time for each tooth type were evaluated using
the Wilcoxon signed-rank test. The level of significance was set at
P < 0.05. Study findings showed that baseline PBF values did not
differ significantly between groups. Maxillary PBF in the control
group did not vary over time; however, an initial decrease in PBF
was observed in all tooth types immediately after surgery in the
study group. A gradual increase to near-preoperative levels was then
observed during a 12-month healing period. Although dramatic re-
ductions in maxillary perfusion of the first premolar and canine
pulps were observed at 1 week and 1 month after LF-I osteotomy
when compared with baseline (P < 0.001), PBF significantly re-
covered over time. Moreover, hyperemia was observed in lateral in-
cisors 3 months postoperatively, demonstrating a tooth type–
specific effect of LF-I osteotomy on PBF.
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Correction of dentofacial deformities often requires a combined
orthodontic and surgical approach to obtain satisfactory func-

tional and esthetic results with long-term stability. The Le Fort I
(LF-I) maxillary osteotomy is the operation most commonly used
to correct vertical and transverse maxillary deformities.1 Although
rare, this procedure may result in severe complications, including
development of periodontal defects, degenerative pulp changes,
poor bony union, or in extreme cases, partial or complete loss of
the repositioned segment.2,3 Pulpal response after LF-I osteotomy
may be evaluated by histologic observation,4 fluorescent micro-
sphere injection,5 and pulp-tissue respiration rate measurements;4

however, all these methods can be applied only after tooth extrac-
tion. In contrast, laser Doppler flowmetry (LDF) is a noninvasive
method of performing repeated measurements of pulpal blood flow
(PBF) without causing damage to the pulp.6 Therefore, LDF is the
most widely used method for investigating vascular changes associ-
ated with LF-I osteotomy.

Several authors have reported LDF measurements indicative
of changes in maxillary teeth PBF during healing after LF-I
osteotomy.7–10 Ramsay et al7 studied dental pulp blood flow in the
upper incisors of 14 patients after LF-I osteotomy, and Geylikman
et al10 observed changes in gingival and PBF for 24 hours after
LF-I osteotomy. However, both these studies provided longitudinal
data on post-osteotomy PBF for central incisors only.7–10 Only
2 studies have presented tooth type–specific effects of LF-I sepa-
rately;11,12 however, these studies were carried out without an op-
erative control group and with very short observation periods. In
short, there is scarce data on tooth type–related PBF values in pa-
tients receiving LF-I osteotomies, especially when compared with
the amount of data available for central incisors. Consequently,
the current study aimed to evaluate the effects of LF-I osteotomy
on maxillary PBF values of different tooth types during a 12-
month postoperative period.

MATERIALS AND METHODS

Subjects and Surgical Procedures
This study was approved by the institutional review board and

ethics committee of the Ministry of Health's Kecioren Training
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and Research Hospital (no. 158; November 14, 2012) and was con-
ducted in compliance with the principles of the Helsinki Declara-
tion. Informed consent was obtained from all participants. A total
of 28 healthy patients (age range, 18–25 y; mean age, 19.7 y) with
skeletal class III malocclusion were selected from among the pa-
tients applying to the hospital for treatment. Intraoral periapical ra-
diographs were taken, and patients with missing teeth in the
maxillary anterior area, a history of trauma, root canal treatment,
caries, restoration, previous orthodontic treatment, or excessive gin-
gival display were excluded from the study. Study participants were
randomly divided into a study group of patients receiving a single-
segment LF-I osteotomy (n = 14) and 2 control groups—a surgical
control group consisting of patients receiving mandibular osteo-
tomies but no maxillary surgical procedures (n = 7) and a nonsurgi-
cal control group (n = 7) of subjects who received no surgery, but
orthodontic treatment. The mandibular osteotomy group was in-
cluded to control for factors associated with surgery (eg, hospitali-
zation, general anesthesia, pain medications, and tooth movement)
that might influence maxillary blood flow.13 The nonsurgical con-
trol group was included to account for temporal variability that
may occur with repeated blood-flow measurements. Because there
is some evidence that initial loading can affect PBF,14 patients in
both control groups had brackets attached to their maxillary teeth
but had no archwires placed.

A single-segment LF-I osteotomy was performed on each patient
in the study group. A horizontal incision was made in the buccal
and labial sulcus from the right second premolar to the left second
premolar, a minimum distance of 5 mm was maintained between
osteotomy line and teeth apices, and the osteotomized maxilla was
rigidly fixed with 4 titanium miniplates. Mean maxillary advance-
ment as measured on lateral cephalograms was approximately
4 mm anteriorly. In the surgical control group, bilateral sagittal
split-ramus osteotomies were performed, with the mandible and
bony segments of the mandibular rami fixed bicortically with 3 tita-
nium screws on each side. In no case was a surgical splint affixed
to a patient's palate to achieve postsurgery retention of the maxilla,
and in no case was maxillomandibular fixation performed post-
operatively. All sutures were removed at 7 days postoperatively,
and orthodontic treatment was reinstated. Two intermaxillary elastics
were applied after surgery and used continuously for 2 months,
except for meals and pulpal examination. Thereafter, the postop-
erative orthodontic therapy was continued up to approximately
1 year after the operation.

Laser Doppler Flowmeter
The PBF was measured using an LDF (Periflux PF 4001;

Perimed, Järfälla, Sweden), which records amounts of backscattered
light. The LDF output signal voltage is linearly correlated to red-
blood-cell flow (number of cells � mean velocity), which is re-
corded in perfusion units (PUs) to provide a relative measure of
blood flow. The LDF used in this study has a 1-mW helium-neon la-
ser with awavelength of 632.8 nm. A straight probe (PF 416; Perimed,
Järfälla, Sweden) with a 2-mm diameter was used to conduct a
laser light beam of 125 μm (fiber-to-fiber distance, 500 μm) to the
measurement site within the dental pulp and to return the back-
scattered light to the flowmeter. Before each measurement, the
probe was calibrated for zero voltage and a motility standard of
250 PU (Perimed) using a plastic block (Perimed, Järfälla, Sweden).

Recording Procedures
The LDF measurements were recorded bilaterally for the max-

illary central incisors, lateral incisors, canines, and first premolars at
T0 (within 1 w preoperatively), T1 (1 w postoperatively), T2 (1 mo
postoperatively), T3 (3mo postoperatively), T4 (6mo postoperatively),
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and T5 (12 mo postoperatively). Measurements were taken at similar
intervals in the nonsurgical control group. To ensure accuracy and re-
producibility of measurements, each patient was provided with a
custom-fabricated splint constructed from self-curing acrylic resin to
secure the probe in the appropriate position between the gingival mar-
gin and the orthodontic bracket. Before LDF measurement, patients
were allowed to rest in a supine position in the dental chair for approx-
imately 10 minutes. Splints were then placed on the teeth, and the lips
were retracted using cotton rolls. The LDF measurements were contin-
uously recorded for each tooth until 2 minutes of stable PBF data
valueswere registered on the flowmeter screen. All measurements were
performed by the same operator under standard environmental condi-
tions at a constant room temperature. Attempts were made to minimize
bias due to movement of subjects and probe, and pulse rate and blood
pressure were recorded throughout the measurement sessions. None
of the participants reported any pain or discomfort during the
procedure.

For each session, mean PUs for each tooth were calculated for
the phase of stable values, with peaks attributable to movement ar-
tifacts excluded. The LDF data were transferred to a computer con-
nected to the RS-232 port of the flowmeter using the system's own
software (PeriSoft for Windows, Perimed) and stored for analysis at
a later date.

Statistical Analysis
Statistical analysis was performed using the software

MedCalc12.0 (SPSS Inc, Chicago, IL). Differences in PBF between
the groups at each point in time were evaluated using the Kruskal-
Wallis test, with the post hoc Mann-Whitney test used to identify
significant differences among groups. The PBF changes in time
were evaluated for each tooth type using the Wilcoxon matched-
pairs test. Statistical significance was set at P < 0.05.
RESULTS
Mean (SD) PBF values for each group are given in Table 1. Base-
line (T0) PBF values did not differ significantly between study
[8.9 (1.1) PU], surgical control [8.8 (0.8) PU], and nonsurgical
control groups [9 (1.3) PU] (P = 0.741). However, PBF values
for the study group were higher than those for both control groups
at all times during the postoperative observation period. A signifi-
cant decrease in PBF was observed postoperatively in the study
group. Mean PBF also decreased from T0 to T1 in the surgical
control group; however, this decrease was not statistically signifi-
cant, nor were any of the other differences in PBF measured at
different time points in this group (P > 0.05). No significant differ-
ences were observed in the nonsurgical control group between any
time points.

The PBF values by tooth type and time are given in Table 2.
PBF values for the study group decreased postoperatively and
remained significantly lower than preoperative values throughout
the entire observation period. The PBF values for all tooth types
in the study group were significantly higher at T0 [8.9 (1.1) PU]
than at T1 [5.9 (0.9) PU] (P < 0.001) and T2 [6.1 (1.0) PU] (P <
0.001); no statistically significant differences were found between
T1 and T2 (P = 0.0510); and statistically significant differences
were also found between T3 and T4 (P < 0.001), T4 and T5 (P <
0.001), and T3 and T5 (P < 0.001). Canine and first premolar
PBF values were significantly higher at T0 [8.2 (0.8) and 9.0
(1.0) PU, respectively] when compared with T1 and T2 [6.5 (1.7)
and 7.1 (1.9) PU for T1 and 6.7 (1.7) and 7.4 (1.9) PU for T2;
P < 0.001]. For lateral incisors, differences in PBF between T0
and T3 were not statistically significant (P = 0.067); however,
PBF was significantly higher at T3 when compared with T2. The
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TABLE 1. Diagnostic Group-Related PBF Measurements

Study Group, n = 112, mean (SD) Surgical Control Group, n = 56, mean (SD) Nonsurgical Control Group, n = 56, mean (SD) P

T0 8.9 (1.1) 8.8 (0.8) 9.0 (1.3) 0.741*

T1 5.9 (0.9) 8.6 (0.8) 9.0 (1.3) <0.001

T2 6.1 (1.0) 8.8 (0.8) 9.0 (1.3) <0.001

T3 7.9 (1.2) 8.8 (0.8) 9.0 (1.3) <0.001

T4 8.1 (1.0) 8.8 (0.8) 9.0 (1.3) <0.001

T5 8.1 (1.0) 8.8 (0.8) 8.9 (1.2) <0.001
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lateral incisors did not show differences in PBF between T0 and
T3, whereas all other tooth types did, thus indicating that tooth
type affects LF-I osteotomy PBF outcomes.
DISCUSSION
The current study looked at differences in post-LF-I osteotomy PBF
outcomes according to tooth type by evaluating and comparing
LFD data for maxillary teeth of subjects undergoing single-
segment LF-I osteotomy with data for the surgical and nonsurgical
control groups during a 12-month period. Whereas preoperative
PBF values did not differ significantly between groups, postopera-
tive PBF values were significantly lower in the LF-I osteotomy
group than in both the control groups at all times postoperatively.
No statistically significant mean change in maxillary teeth PBF
was observed during the postoperative period in either control
group, indicating that the reduction in PBF registered in subjects
undergoing osteotomy is unrelated to repeated measurement, flow-
meter calibration, or test sensitivity. Moreover, the maxillary teeth
PBF in the surgical control group did not vary significantly during
the postoperative period, thus indicating that mandibular surgery
has no major physiological effect on the maxilla.

Mean PBF in the study group decreased after surgery and
remained low for approximately 1 month. The most pronounced
reduction in PBF occurred during the first week postoperatively
and thus may be attributed to either stretching of the descending
palatine arteries caused by the advancement of the osteotomized
maxilla or to the redirection of blood flow to localized facial swelling.
This redirection was first reported by Tonder,15 who documented re-
duced blood flow in the dental pulp of dogs after infusion of
vasodilating drugs and who referred to this phenomenon as “stealing”
of dental pulp perfusion pressure. In the current study, severe facial
swelling and vascular dilation in the soft tissue surrounding the
osteotomy region caused by acute inflammation was observable
1 week postoperatively, suggesting that “stealing” may have been
responsible for the reduction in postoperative PBF in the study
group. The stealing effect of mandibular osteotomy on maxillary
perfusion would also explain the slight reduction in the mean
PBF value of the surgical control group 1 week postoperatively.

Postoperative recovery can be affected by factors including
surgical technique, duration of surgery, and patient age and
TABLE 2. PBF Measurements Taken From 4 Tooth Types at Each of the 6 Time Poin

Tooth Type

T0 T1 T2

M (SD) Range M (SD) Range M (SD) Range

Central incisor, n = 28 9.1 (1.1) 6.9–11.1 7.6 (1.5) 5.1–11.2 7.9 (1.4) 5.4–10.9

Lateral incisor, n = 28 9.2 (1.1) 7.0–11.1 7.8 (1.6) 5.3–11.0 8.0 (1.5) 5.7–10.9

Canine, n = 28 8.2 (0.8) 6.7–10.0 6.5 (1.7) 4.1–9.5 6.7 (1.7) 4.2–9.4

First premolar, n = 28 9.1 (1.0) 6.9–11.0 7.1 (1.9) 4.2–10.9 7.4 (1.9) 4.3–11.0

Comparison between T0 and T3 for lateral incisor was not significant, P = 0.067.

M, mean.
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sex. In the current study, the vascular disturbances in the study
group gradually began to improve after 1 month but had not
returned to preoperative values at the end of the 12-month obser-
vation period. The initiation of recovery in PBF after a distinct
period may be related to the preservation and recovery of apical
circulation said to result from the maintenance of anastomosis
between the apical dental artery and the apical and intra-
alveolar arteries originating in the mucoperiosteum.16 Although
the lower PBF values at the end of the observation period in
comparison with baseline may reflect a general reduction in the
perfusion of the entire maxillary complex after the trauma of
osteotomy,2 it could also be a reflection of a reduction in the size
of the pulp chamber due to secondary dentine formation.17–19

This latter phenomenon has been previously reported in a similar
situation,19 although 28 months after surgery, it was observable
in only 2.3% of patients. Further research is required to deter-
mine whether blood flow returns to normal after longer periods.

The present study's finding of a significant effect of LF-I
osteotomy on maxillary PBF values, with the greatest PBF reduc-
tion observed during the first week postoperatively, is in line with
many earlier studies.4,5,8–10,20–22 In contrast, some studies reported
significant increases in PBF immediately after surgery, a phenome-
non considered to be an “immediate hypervascular episode.”17,22–24

To date, there is insufficient research into the phenomenon of
hypervascularization, with conflicting findings reported by dif-
ferent research. Ramsay et al7 reported that PBF to at least 1 max-
illary incisor increased relative to preoperative values in 11 of the
14 patients; however, for most patients, this increase occurred be-
tween 2 and 3 weeks postoperatively. Unfortunately, because that
study lacked a separate control group, the findings are not suffi-
ciently strong to characterize the reported increases as hyper-
vascular episodes. Another recent study17 in which LDF was
used to evaluate changes in maxillary incisor blood flow after
LF-I osteotomy reported considerable variability in PBF between
subjects, with a significant mean increase over baseline at 1 to
2 weeks postoperatively. Contrary to Ramsay et al and Buckley
et al, who reported a hypervascular period between the first and
third weeks postoperatively,7,17 the current study found a pulpal
hypervascular period to occur between the first and third month af-
ter surgery, which is in line with some other studies as well.13,25

Conflicting results can be seen between the long-term findings of
ts (P < 0.001, Significant Difference)

T3 T4 T5 Sum

M (SD) Range M (SD) Range M (SD) Range M (SD) Range

8.6 (1.2) 6.5–11 8.7 (1.5) 6.8–11.1 8.7 (1.1) 6.9–11.1 8.4 (1.2) 6.3–11.0

9.1 (1.1) 6.9–11 8.9 (1.1) 6.5–11.1 8.9 (1.1) 6.6–11.0 8.6 (1.2) 6.3–10.9

7.6 (1.1) 5.5–9.3 7.8 (0.9) 6.1–9.3 7.9 (0.9) 6.2–9.3 7.5 (1.1) 5.6–9.4

8.3 (1.2) 5.8–11.2 8.6 (1.1) 6.4–11.1 8.7 (1.0) 6.5–11.0 8.2 (1.2) 5.7–11
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different studies. Whereas the current study, as well as most earlier
studies,7,8,17 found postsurgery PBF measurements to be signifi-
cantly lower than presurgery baseline measurements, some studies
have reported blood flow to increase above preoperative and/or
control levels during the postoperative healing process.20,24,26

However, those studies were either animal or histologic studies that
did not investigate possible mechanisms responsible for the ob-
served increases in PBF; thus, the clinical implications of their
findings remain unknown.

Data from the current study indicate that post-LF-I-osteotomy
PBF outcomes vary significantly by tooth type. Although signifi-
cant reductions in PBF occurred in all tooth types at 1 week after
surgery, supporting the concept of a direct link between maxillary
osteotomy and short-term functional or structural changes to pulpal
tissue,7 at 3 months postoperatively, lateral incisors alone were
found to have PBF values that were significantly higher than at
1 month and almost as high as at baseline. This finding may be re-
lated to anatomic and functional heterogeneity. Canines and first
premolars accounted for the most teeth presenting significant
changes in PBF immediately after surgery. Despite that the hori-
zontal LF-I incision was positioned at least 5 mm from the apices
of the maxillary canines to minimize vascular compromise, the
considerable reduction in canine PBF values observed immediately af-
ter surgery could be explained by the close proximity between root apex
and horizontal osteotomy.7,12,27 The initial decrease in PBF values of
the first premolars may be due to the location of these teeth adjacent
to the vertical cuts of LF-I maxillary osteotomies. This finding is in line
with those of other studies reporting teeth adjacent to vertical osteotomy
cuts to have lower PBF values than nonadjacent teeth.12,28–31

Ramsay et al7 described a statistically significant long-term re-
duction in central incisor PBF values in association with LF-I
osteotomy in humans. However, their findings of a high variability
of blood flow among individuals and periodic ischemia after sur-
gery are contrary to our findings. In our study, postoperative PBF
values were lower than preoperative values for all tooth types, and
in no instance was an absence of PBF recorded. In addition, con-
trary to our findings are Emshoff et al's12 finding that central incisor
postoperative PBF values are higher than preoperative values. In an-
other study by Emshoff et al,11 the authors performed anterior, su-
perior, and posterior osteotomies and then calculated their findings
related to PBFand tooth type as the mean for all 3 subtypes. However,
both these studies were conducted with only a short-term follow-up
and no control group. Moreover, given that superior repositioning
and transverse expansion has already been reported to entail a poten-
tial risk for vascular impairment,2,3 the findings of the latter studymay
be discounted.

Although our data suggest that tooth morphology has a signifi-
cant effect on PBF, further studies are needed to determine whether
additional osteotomy-related factors such as heat generation, com-
pression of adjacent tissue, removal of interdental bone, and soft-
tissue flap design should be defined as “prognostic for specific
outcomes.”
Critique of LDF
Thermal and electric pulp tests are currently the tests most com-

monly used to obtain information about pulp condition.32 How-
ever, in addition to the unpleasantness and occasional pain
involved in patient response to sensory stimulation, the subjectivity
of patient response represents a limitation to the diagnostic useful-
ness of these tests. Another major limitation is that conventional
pulp tests rely on indirect monitoring of pulp vitality by measuring
neural response, not vascular circulation,32 which provides a more
accurate account of pulp vitality.3 Tests that rely on nerve response
© 2014 Mutaz B. Habal, MD
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may falsely report lack of pulp vitality in teeth that have temporar-
ily or permanently lost their sensory function, such as teeth under-
going orthodontic treatment, which may disrupt the pulp's sensory
response system for up to 9 months.33 For this reason, this study
chose to evaluate pulp status using LDF.

It is possible that the smaller reduction in PBF values registered
1 week postoperatively by the current study (15.8%) in comparison
with an early study25 (43%) is due to the sensitivity limitations of
the LDF. The LDF assessment of PBF is known to be highly sus-
ceptible to environmental and technical factors. Variables such as
flowmeter characteristics,34,35 gingival isolation device,36,37 ambi-
ent temperature, position of the probe, and patient position and rest
status34,36,38,39 as well as other patient-related factors such as
stress, medication, and age-related changes may significantly in-
fluence LDF results.40,41 Although lasers with longer wavelengths
give higher flux readings, probably due to their greater penetration
through the tooth tissue, the inclusion of non-PBF within the signal
may reduce the vital-nonvital signal ratio35,42; for this reason, this
study used a 632.8-nm laser source rather than a 780- or 810-nm
laser. The study also used a custom-made acrylic resin splint to sta-
bilize the probe, maintain it in contact with the tooth, and create a re-
producible position for follow-up measurements. To minimize the
contribution of the neighboring pulp and gingiva to the flux signal,
in conjunction with the splint, cotton rolls were applied between
the lip and the teeth, because a rubber dam could not be applied
to teeth with brackets.36 A similar technique has been successfully
used in earlier studies.43–46 Furthermore, to improve the validity of
measurements, special care was taken to maintain ambient temper-
atures and patient-related factors such as position, rest, and stress
levels.

CONCLUSIONS
Results of longitudinal LDF readings from 28 patients taken during
a 12-month period indicate that PBF decreased in all tooth types af-
ter LF-I surgery; however, the effect of LF-I osteotomy on PBF var-
ied by tooth type. At no time was an absence of PBF recorded.
Although dramatic reductions were observed in canine and first
premolar PBF levels of some patients shortly after LF-I ostetomy
and hyperemia was seen in lateral incisors between 1 and 3 months
postoperatively, PBF gradually but significantly recovered over
time, although not to preoperative levels.
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Malignant Peripheral Nerve
Sheath Tumor of the
Parotid Gland

Octavian Chis, MD,* Silviu Albu, MD†

Abstract: Malignant peripheral nerve sheath tumor (MPNST) re-
fers to spindle cell sarcomas arising from or separating in the direc-
tion of cells of the peripheral nerve sheath. The MPNST of the
parotid gland is an extremely rare tumor, usually having a poor
prognosis, and only a few cases been described in the literature. In
this article, we report the diagnostic and therapeutic challenges re-
lated to a new case of MPNST of the parotid. Diagnosis was made
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