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correction of malocclusions; direct anchorage for vertical traction
of impacted canine and protraction of posteriors with single place-
ment and indirect anchorage for midline correction.

Direct anchorage is typically achieved from a miniscrew
inserted in a buccal site, through attached mucosa, and between
canine and the first premolar roots. However, spike screws were
placed in the mandibular labial area to create the extrusive forces
required to erupt canines. Due to traction by spike screw and up-
down elastics, no reactive forces such as extrusion force occurred in
the mandibular dentition.11 Moreover, simple mechanics can be
applied. In this case, spike screws were inserted in mucosal area.
Because of great distance from impacted canines and spike screws,
adjusting the size and force of elastics can produce large range of
extrusive force. Canine traction is performed immediately follow-
ing the surgical placement, without leveling and alignment with
brackets. This saves treatment duration.

The spike screw was placed in the midpalatal area as indirect
anchorage for midline correction. Interdental miniscrews can act as
a mechanical interference that limits adjacent tooth movement.
Therefore, removal and replantation of miniscrews are required in
certain cases such as midline correction and total distalization of
dentition. However, the midpalatal area has no dental roots, and the
limitation of tooth movement is not consideration.12 By bending the
extension hook welded on washer, spike screw on the midpalatal
area could serve as indirect anchorage for correction of deviated
midline.

CONCLUSION
The novel design of the spike screw permits clinicians to have good
control over tooth movement with improved stability in various
clinical cases. The orthodontic force application could become an
easy task since the extended hook can be bended to the need of
clinician to achieve desired biomechanical forces. The advantages
of spike screw were verified in this study, but further studies are
needed before it can be applied widely.
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Ismail Şener, DDS, PhD,� and Esengül Bekar, DDS, PhD§

Objective: The aim of this study was to evaluate the effect of low
level laser therapy (LLLT) on bone mineral density by using high-
resolution computerized tomography (HR-CT) and stereology in
patients subjected to mandibular midline distraction.
Methods: Nine patients between the ages of 13 and 16 years with
mandibular transverse deficiency (>5 mm) were evaluated. Man-
dibular midline distraction osteogenesis was performed for all the
patients. The patients were divided into 2 groups: the control group
(n¼ 4) and the laser group (n¼ 5). GaAlAs, 830 nm wavelength,
power of 40 mW, energy of 8.4 J/cm2 dose per spot, was directly
applied from 2 points on the mandibular midline. The laser was
applied in 8 treatment sessions at 48-hour intervals. Bone mineral
density and volume of the newly formed bone were analyzed using
HR-CT and stereological methods.
Results: A higher bone mineral density rate was found in the laser
group (P< 0.05). A higher newly formed immature bone rate was
found in the control group (P< 0.001). These findings suggest that
more mature bone may also have a greater mineral organization
than that of immature newly formed bone, which is shown by
HR-CT and stereological results.
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TABLE 2. The Results of the Steorological Anlysis of the Distracted Area at
Postoperative 12 Weeks

Laser Group Control Group

Newly formed immature bone volume (mm3) 850 1000

450 1100

400 1300

500 1175

475

MeanþSD 535� 179.9 1143.7� 109.5
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Conclusions: The retention period can be shortened and mineral-
ization may be increased by using LLLT in mandibular distraction
osteogenesis.

Key Words: Distraction osteogenesis, bone healing, low-level

laser therapy

andibular transverse deficiency (MTD) is a common clinical

P 0.00

SD, standard deviation.
M problem associated with narrow basal and dentoalveolar
bones. MTD is reflected in wide lateral vestibules, severe
anterior crowding, and tipping and impaction of anterior teeth.1

In correcting transverse mandibular deficiencies, orthodontists have
limited options such as tooth extraction, dentoalveolar expansion,
and interproximal enamel reduction. Patients with MTD in a mixed
dentition stage are commonly treated with orthodontic expansion
using a lip bumper, Schwarz’s device, or functional devices. These
therapies lead to relatively stable results for younger patients.
However, orthodontic expansion of the anterior mandibular arch
is at high risk of relapse and generally unstable.2–4

Mandibular distraction osteogenesis (MDO) has been used as an
efficacious surgical technique for the treatment of congenital retro-
gnathia, micrognathia, and hypoplasia. Mandibular midline distrac-
tion (MMD) was offered as a treatment option for correcting
mandibular transverse deficiency.5–7 Distraction osteogenesis
(DO) requires device manipulation during lengthening and a sub-
sequent consolidation period that is proportional to the amount of
bone lengthening. This period ranges from 2 to 6 months depending
on the desired length and anatomic location of the distracted area.
Despite the technological advancements, the length of time required
for bone consolidation continues to be a significant limitation of this
procedure.6,7 Additionally, there are some complications that can
occur in the distraction process such as infection, malunion, ununion,
or lack of patient cooperation. There are some experimental studies to
reduce or prevent these complications by shortening the treatment
period and increasing osteogenesis. Various factors play a role in the
success of DO, especially increased blood flow and vascularization
are vital components of the formation of a healthy union in DO.8,9

In recent studies, low-level laser therapy (LLLT) demonstrated
an increase in mitoses, tissue repair, peripheral blood circulation,
osteoblastic activity, and bone regeneration, with favorable effects
on the healing of both solid and soft tissues. LLLT accelerates bone
healing, shortens treatment duration, and decreases morbidity
rates.10–12 There are a few experimental studies about LLLT effects
on distraction healing; however, clinical studies on the evaluation of
the LLLT effect on MMD were not found in the published literature.
The aim of this study was to evaluate the effect of LLLT on bone
mineral density by using high-resolution computerized tomography
(HR-CT) and stereology in patients subjected to MMD (Tables 1-2).
Copyright © 2015 Mutaz B. Habal, MD. Unautho

TABLE 1. The Bone Densitometry Values of the Distracted Area Obtained From
CT Images at Postoperative 12 Weeks

Laser Group Control Group

Bone densitometry values (HU) 562 43

430 643

702 350

214 245

488

MeanþSD 479� 179 320� 250

P 0.3

CT, computerized tomography; SD, standard deviation.
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METHODS
This study was approved by the research and ethics committee of
the Ondokuzmayis University Faculty of Medicine with the project
number PYO.DIS.1901-12/012. Written informed consent was
obtained from the patients. Nine patients referred to Ondokuz
Mayis University’s Dental Faculty were included in this study.
The patients undergoing a permanent dentition process with a
transverse mandibular deficiency of more than 5 mm as demon-
strated by orthodontic examination where routine orthodontic treat-
ment failed were included in the study. The patients with any
systemic health problems or congenital deformity were excluded
from the study. The sample was randomized and divided into
2 groups: the control group (CG) comprised 4 patients (3 men
and 1 woman) with a mean age of 15 years old, without irradiation,
and the laser group (LG) comprised 5 patients (3 men and 2 women)
with mean age of 14.8 years old, treated with laser irradiation.
Before the operation, a custom-made, tooth-borne hyrax expander
device (Lewa Dental, Remchingen, Germany) was placed lingually
in the mandibular midline and fixed to the bands of the first
premolars and first molars (Fig. 1).

Surgical Technique
For the comfort of the patient, the surgery is performed under

general anesthesia (nasotracheal intubation). The patient is draped
in a standard manner and the oral cavity is disinfected and rinsed
(2% chlorhexidine digluconate solution). Local anesthetic is
injected in the anterior mandibular region (lidocaine 10 mg/mL
þ adrenaline 1/ 200,000). A short horizontal incision is made
through the buccal sulcus between the canine teeth, inferior to
the muco-gingival junction. After the reflection of mucoperiosteal
flap, the mandibular midline osteotomy is performed with a 0.3-mm
oscillating saw, starting at the mandibular border and continuing
upward interdentally as high as possible. The osteotomy is then
finalized with a 4-mm chisel. The mobility of the mandibular halves
is checked and the distractor is then activated by about 2 mm to
make sure that there are no bony interferences (Fig. 2). The
distractor is then deactivated. The wound is closed in layers. Post-
operative procedures and medication consisting of painkillers, an
antiseptic mouthwash, and an antibiotic are prescribed for the first
5–7 postoperative days. Thereafter, with a latency period of 5 days,
the appliance was activated. The rate and rhythm of distraction was
rized reproduction of this article is prohibited.

FIGURE 1. Occlusal view of the custom-made tooth-borne lingually placed
distractor device.
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FIGURE 2. Intraoperative view of the midline osteotomy.

FIGURE 5. Schematic illustration of the Cavalieri method application. Axial
computerized tomography images of the mandible (A) inverted first (B). Point
counting grid was applied to the region of interest so that estimation would
perform on it (C). Then volume of the distracted area was estimated using this
grid (red plus) at the end of the 90 days.

The Journal of Craniofacial Surgery � Volume 26, Number 7, October 2015 Brief Clinical Studies
2� 0.5 mm/day). When the planned expansion was completely
achieved, the screw device was fixed and retained for 3 months.

LLLT Applications
In group 1, LLLT equipment (Fotona XD-2, Ljubljana, Slove-

nia), gallium–aluminum–arsenide laser (GaAlAs; 830 nm wave-
length, power of 40 mW, energy of 8.4 J/cm2) was applied. Two
points on the mandibular midline were determined (Fig. 3). The first
irradiated point (A) was at the region of the alveolar bone between
the roots of the central incisor teeth. The second point (B) was
located in the buccal sulcus depth on the midline, approximately
5 mm below point A. Two laser applications were performed at each
treatment session (1 dose per point). The first was administered
24 hours after surgery and the subsequent sessions at regular
48-hour intervals. Each patient had 8 laser treatment sessions.

Radiologic Examination
In both groups, following a consolidation period lasting an

average of 6–8 weeks, CT images were taken from all patients
at 3 months postoperative. All patients were positioned with the
occlusal plane perpendicular to the horizontal plane for CT scans.
Images were taken by HR-CT (Aquilion 16 system, Toshiba
Medical System Corporation, Tochigi-ken, Japan) according to a
standard protocol. Axial slices were obtained from the superior
border of the mandible to the low border of the corpus mandible,
including the distraction area at the midline at 1 mm intervals.
Density measurements using Hounsfield Units (HU) were made
from the marked area between the distracted bone segments. Mean
HU values as a unit of bone density were obtained, making 5
measurements for each patient (Fig. 4). Bone density values were
measured twice by the same examiner.

Stereological Analysis
Volume Estimation Using the Cavalieri Principle

Volume density of regularly shaped objects such as a prism or
cube can be estimated by the following formula: V¼ t� a, where (t)
is the height and (a) is the base area of the object. Similarly, using
the Cavalieri principle, an unbiased volume estimation of an
irregularly shaped object may be obtained efficiently and with
precision by superimposing a point grid on the sectional profiles
and counting all the points hitting the related area. Each point in the
grid symbolizes a unit area. When this section area is multiplied
Copyright © 2015 Mutaz B. Habal, MD. Unautho

FIGURE 3. Laser application points.

FIGURE 4. The presentation of the bone densitometry measurements of the
distracted area on the axial computerized tomography images (O).
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with the section thickness, an unbiased estimation of structure
volume is found.13 In the present study, volumetric data were
reconstructed and sectioned into 1 mm in the axial plane, and
sections of thickness with 1 mm and 3 mm intervals were obtained.
The volume of each defect was estimated using the Cavalieri
principle (Fig. 5). The surface area of each section was measured
by means of the point grid. Each measurement was repeated 3 times
by 1 observer. The average score was used for estimation. Total
area calculation was made using the above formula. Total area
and section thickness of consecutive sections were replaced in this
formula.

Statistical Analysis
The results were evaluated using the SPSS 15.0 software for

Windows (SPSS Inc, Chicago, IL). The Kolmogrov–Smirnov test
was used to assess whether the groups demonstrated normal distri-
bution curves. The parametric one-way analysis of variance test was
used. The results were expressed as mean� standard deviation
(SD), and P< 0.05 was accepted as significant.

RESULTS
There were no complications in the postoperative healing period.
However, subjective symptoms such as postoperative swelling and
pain were lower in the laser group and patient comfort was better
than in the control group.

Bone healing of the distraction gap was observed in all the
patients. The bone density values of the LG (479� 179 HU)
increased when comparing CG (320� 250 HU) (Fig. 6). Significant
differences existed between the 2 groups in the bone density values
(P¼ 0.002) (Table 1).

The results of the stereological analysis revealed increased
immature bone volume in CG (1143.7� 109.5 mm3) when compar-
ing LG (535� 179.9 mm3) (Fig. 7). The comparison of immature
rized reproduction of this article is prohibited.

FIGURE 6. The graphic showing bone density values of the control and laser
groups.

FIGURE 7. The graphic showing immature bone volume values of the control
and laser groups.
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bone volume of the laser and control groups revealed a statistically
significant difference between the groups (P¼ 0.00) (Table 2).

DISCUSSION
MTD is frequently seen in patients needing orthodontic treatment.
The deficiencies are commonly treated by orthodontic methods
such as dental compensation, extraction, and arch expansion.
However, it is difficult to achieve mandibular expansion after
the pubertal growth period with these methods. Many orthodontists
report a high risk of dental relapse, periodontal complications, and
loss of alveolar bone. Therefore, the treatment of choice is man-
dibular midline distraction after the pubertal growth period.14,15

Increases in mandibular width by symphyseal DO have been
shown to be an acceptable and stable treatment method option for
MTD and anterior crowding with low complication rates.14–17

Different types of symphyseal distractors have been used for
MTD. Due to significant patient discomfort, frequent device break-
down, soft tissue irritation, and gingivitis, bone-borne devices are
no longer used in our clinic. In this study, we used custom-made,
tooth-borne lingual distraction devices.

The postoperative retention period is important to achieve bone
regeneration and minimize relapses. Many therapeutic alternatives
are being studied to promote cell biostimulation and improve
regenerative capacity, including the transplantation of progenitor
cells, administration of growth factors, hormones, and the appli-
cation of demineralized bone matrix, calcium sulfate, and electro-
physiological tools has been extensively investigated. Laser therapy
has gained popularity in regenerative medicine due to its positive
effect on healing periods of both soft and hard tissues. In our study,
it was clearly seen that LLLT application with GaAlAs significantly
promoted the distracted bone healing in all analyses.17–20

Although some other investigators such as Kan et al18 reported
that because the optimal doses, intensities, treatment intervals, and
wavelengths for various indications remain unclear and the dis-
traction protocol (latency period, rate, rhythm, and strain) can alter
the process of bone formation, it is obvious that other experimental
models should be designed to determine the optimal distraction
protocol and laser exposure protocol for best results in this field.
Vedovello Filho et al19 and Angeletti et al10 reported that the use of
LLLT after surgically assisted rapid palatal expansion. Angeletti
et al10 used a GaAlAs laser (830 nm wave length, power of 100 mW,
0.06 cm2 tip diameter). They applied 1 session of laser application
every 48 hours on 3 points near the midpalatal anterior sutur for a
total of 8 sessions. Laser protocol and laser parameters used in this
study are similar to those reported by Angeletti et al.10

Some investigators, including Pretelli et al20 and Satio et al21,
claim that low-level lasers can be useful in the early stages of bone
formation, but are not effective in later stages. Cerqueira et al22

investigated the effects of LLLT in different stages of DO on sheep
mandibles. They reported that lasers positively affect bone healing
during the early stages due to the cellular component being more
prominent and more likely to be affected by laser therapy. Similarly,
we applied LLLT in the early stages of distraction periods. Our
results are in agreement with those of Satio et al, Pretelli et al, and
Cerqueira et al.20–22

GaAlAs laser application is reported to be useful for the process
of new bone formation by affecting the calcium transport.23 Khadra
et al24 in their studies both 14 and 28 days postoperative LLLT
application (830 nm, 75 mw output) showed a significant increase in
the deposition of calcium, phosphorus, and insoluble protein. The
amount of calcium and phosphorus in the postoperative experimen-
tal group from day 14 to day 28 was higher than that of the CG.
These findings suggest that LLLT accelerates the maturation of
new bone tissue and increases the mineralization. Hübler et al12
Copyright © 2015 Mutaz B. Habal, MD. Unautho
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investigated the chemical compositions of bone with X-ray fluor-
escence spectroscopy and X-ray diffraction and reported greater
mineralization and crystallinity ratios in the LLLT group compared
with the control group. Our results are in line with the literature;
bone-mineral density values obtained in the LLLT group were
significantly higher than that of the CG.

Quantitative information related to osteogenesis can be
beneficial for better comprehension of distraction mechanisms
and regulation of bone formation for clinical applications. There
are some experimental studies about LLLT’s effects on distraction
healing by using histomorphometry, microtomography, and plain
radiography.12,19–21 There are no clinical studies in the literature
examining the effects of LLLT on mandibular midline distraction
via HR-CT and stereology. Among the methods that evaluate bone
structure and quality, CT is distinguished by its capacity to evaluate
three-dimensional volumetric mineral density and it permits an
isolated evaluation of cortical and trabecular bone densities. There-
fore, we used HR-CT for bone density analysis. HR-CT evaluation
of distracted bone demonstrated significantly greater bone mineral
density in the laser group (523 HU) when compared with that in
the control group (322 HU), as in agreement with the literature
that reported LLLT accelerates bone regeneration and increases
mineralization.

The volume of biologic structures can be estimated by combin-
ing the sectional radiologic imaging techniques with the Cavalieri
principle of stereologic volume estimation as described in the
previous studies.25,26 Volume measurements using CT scans have
already been reported in the literature. Bayram et al compared
the mandibular condyle volume measurements attained using the
Cavalieri principle on cone beam CT (CBCT) images. They con-
cluded that the Cavalieri principle is a valid tool for volume
estimation of the mandibular condyle.27 There are also reports
showing the use of CBCT in estimating the volume of teeth, pulp
chamber, mandibular condyle, and upper airway volume.28–30

In studies analyzing the effect of section thickness on volume
estimations of organs or cavities by using CT images, the authors
reported underestimations of the volumes that were caused by
increases in slice thickness.19,20 Sezgin et al30 stated that volume
assessments can be performed on CBCT images safely by using the
Cavalieri principle and a slice thickness up to 1 mm can be chosen
for volume estimation of intraosseal defects.

In the present study, newly formed bone volume was measured
by combining the CT images with 1-mm slice thickness with the
Cavalieri principle. We observed an excellent agreement between
stereologic measurements and bone density measurements per-
formed on CT scans. Our results revealed that bone mineral density
values (HU) were higher in the LG (523 HU/ 322 HU), and these
findings indicate that the lasers increased maturation of newly
formed bone. Stereologic results showed that immature newly
formed bone volume was higher in the CG (1143 mm3) than the
LG (535 mm3). This contrast was attributed depending on the
increase of mineralization in the LG bone density measurements,
while the volume of newly formed bone was higher in the CG
because there is no mineralization increase. Increased mineraliz-
ation of the samples in this study indicates a better quality of newly
formed bone in the laser group. Our findings suggest that more
mature bone may also have a greater mineral organization than that
of immature newly formed bone, which is shown by HR-CT and
stereologic results.

In conclusion, no other clinical studies using HR-CT and
stereologic analysis of the effects of LLLT on the mandibular
DO were found in the literature. The degree of osseous density
is crucial for the success of distraction. This is a pilot study;
therefore, in the future, we plan to study a larger patient population
and longer follow-up periods. Additionally, further studies should
rized reproduction of this article is prohibited.
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be conducted to evaluate the effects of the different laser parameters
at different time points. It can be concluded that the retention period
can be shortened and stability may be increased by using LLLT in
the mandibular midline DO.
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Outcomes of Vacuum-Assisted
Therapy in the Treatment of
Head and Neck Wounds

Ellen S. Satteson, MD,� John Clayton Crantford, MD,�

Jeyhan Wood, MD,y and Lisa R. David, MD�

Introduction: Head and neck wounds can present a reconstructive
challenge for the plastic surgeon. Whether from skin cancer,
trauma, or burns, there are many different treatment modalities
used to dress and manage complex head and neck wounds. Vacuum-
assisted closure (VAC) therapy has been used on wounds of
nearly every aspect of the body but not routinely in the head and
neck area. This study was conducted to demonstrate our
results using the VAC in the treatment of complex head and neck
wounds.
Methods: This is an IRB-approved, retrospective review of 69
patients with 73 head and neck wounds that were managed using the
VAC between 1999 and 2008. The wound mechanism, location, and
rized reproduction of this article is prohibited.
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