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Evaluation of the effect of orthognathic surgery on alveolar 
bone level: a cone-beam computed tomography study

Mehmet Doğru, Mete Çitaker
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ABSTRACT
Aims: Three-dimensional examination of preoperative and postoperative changes in alveolar bone levels with cone-beam 
computed tomography (CBCT) in cases with skeletal class II and III anomalies treated with different surgical methods, 
supported by cephalometric images.
Methods: A total of 32 patients, 18 girls and 14 boys, who applied to Dicle University Faculty of Dentistry Department of 
Orthodontics for orthognathic surgery-supported orthodontic treatment and were treated with orthognathic surgery after 
initial orthodontic treatment was started, preoperatively in Dicle University Oral Diagnosis and Radiology Department. It 
was created by retrospectively examining CBCT images taken before and after. To examine changes in alveolar bone level, 28 
measurements were made using alveolar bone levels and reference points determined on teeth.
Results: When the preoperative and postoperative groups were compared, a significant difference was found in the upper 
anterior bone level, upper palatinal bone thickness, lower anterior bone level, upper trifurcation buccal, upper distobuccal root 
middle buccal, lower bifurcation buccal, lower distal root middle buccal values at the p<0.05 level. A statistically significant 
difference was observed in the enamel cement joint width value in the comparison between the sexes. When the correlation 
between class II and class III anomalies was examined, it was observed that lower anterior bone thickness, lower anterior bone 
level/root and lower lingual bone level/root values   were statistically associated with more alveolar bone loss in class III patients.
Conclusion: Orthognathic surgery causes alveolar bone loss in the patient. In order to minimize the side effects of the operation 
on the patient’s periodontal tissues, oral hygiene, applied forces, fixation between the jaws and methods should be carefully 
evaluated.

Keywords: Alveolar bone loss, cephalometry, orthognathic surgery, cone-beam computed tomography

Received: 10/02/2024 ◆ Accepted: 31/05/2024 ◆ Published: 28/06/2024

INTRODUCTON
During the birth, growth and development of a person, the 
facial structures formed anatomically depend primarily on 
genetics; secondarily, it depends on environmental factors. 
Dentofacial deformities occur as a result of abnormal or 
disproportionate growth of facial structures. This situation 
may occur prenatally or developmentally; it may also occur 
as a result of postnatal factors such as trauma, infection and 
other external factors.1

Depending on these factors; in order to correct the 
musculoskeletal system, dento-osseous and soft tissue 
deformities of the jaws and related facial structures, diagnosis, 
treatment planning and application should be carried out 
in a coordinated manner by combining orthodontics and 
maxillofacial surgery.2

Studies have found that approximately 20% of the world’s 
population has some type of facial deformity.3 This situation 
directly affects individuals’ quality of life and social satisfaction.4,5

The aims of orthognathic surgery treatment are multifaceted. 
When planning treatment, improving facial aesthetics, 
providing a functional occlusion, protecting and widening the 
airway if possible, ensuring or maintaining periodontal health, 
healthy temporomandibular joint, and most importantly, 
eliminating the patient’s main complaints with the least 
complications should be taken into consideration.6

Complications that mostly occur during routine orthodontic 
treatment; periodontal problems, alveolar bone loss and 
root resorption. Studies have mostly focused on periodontal 
tissues and osseous bone losses due to orthodontic treatment. 
However, studies on bone loss after orthognathic surgery, 
which is performed more frequently today, have been observed 
very rarely.

It should not be forgotten that good oral hygiene and 
periodontal condition before surgery are important factors 
affecting the success of surgery and the risk of complications. 

https://orcid.org/0000-0002-3876-5346
https://orcid.org/0000-0003-2601-3793
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Various complications related to orthognathic surgery that 
occur after treatment and the changes that may occur in 
the alveolar bone have become a matter of concern. Since 
orthognathic surgery procedures depend on many different 
factors in different ways, different procedures and periods, the 
complications that may arise and the responses of the tissues 
need to be carefully evaluated in a broad context. When the 
literature was reviewed, no study was found in which the 
alveolar bone level of both anterior and posterior teeth was 
evaluated together with the changes in the anterior incisor tooth 
angles in class II and class III cases after orthognathic surgery.

Therefore, the aim of our study is to plan and start treatments 
at Dicle University Faculty of Dentistry, Department of 
Orthodontics; To examine pre-and postoperative alveolar bone 
levels, both anteriorly and posteriorly, in class II and class III 
cases that underwent orthognathic surgery at Dicle University 
Faculty of Medicine, Department of Plastic, Reconstructive 
and Aesthetic Surgery.

METHODS
Purpose and Type of Research
The material of this study was collected from a total of 32 
patients, 18 girls and 14 boys, who applied to Dicle University 
Faculty of Dentistry Department of Orthodontics for 
orthodontic treatment supported by orthognathic surgery and 
were treated with orthognathic surgery by the same surgeon 
using the same operation method after the initial orthodontic 
treatment was started. It was created by retrospectively examining 
cone beam computed tomography (CBCT) images taken before 
and after the operation in the department of radiology.

Ethical Aspect of Research
The ethics committee report with protocol number 2021-
06 was received from the Local Ethics Committee of Dicle 
University Faculty of Dentistry Deanery (Date: 27.01.2021, 
Decision No: 2021-06). All procedures were carried out in 
accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

In our study, the entire patient database was evaluated and an 
attempt was made to evaluate as many patients as possible who 
met the conditions.

Population and Sample of the Research
In our study, 32 patients between the ages of 18-46 applied 
to Dicle University Faculty of Dentistry Orthodontics 
Department for orthognathic surgery-supported orthodontic 
treatment; While only 5 of them have class II malocclusion, 
the remaining 27, the majority, have class III malocclusion. 
In addition, maxillary advancement-mandibular setback was 
applied to 21 class III patients, mandibular setback was applied 
to 3 class III patients, maxillary advancement was applied to 3 
patients, and mandibular advancement was applied to 5 class 
II patients.

Data Collection and Analysis
CBCT images taken before and after surgery, with a minimum 
period of 6 months, a maximum of 21 months, and an average 
of 9.9 months, were used. Preoperative CBCTs were taken to 

be used for anatomical dental and osseous examination and 
orthognathic surgery planning.

A total of 56 measurements were made for each patient, 
both upper and lower and before and after surgery, from the 
alveolar sections around the incisors and molars using CBCT 
images. NemoStudio 2019 (NemoStudio, Software Nemotec, 
SL, Spain) software was used to examine the CBCT images 
and make measurements on the relevant sections.

Linear Measurements
Upper anterior bone level (UABL): Distance between the 
buccal enamel cementum border and the buccal alveolus crest, 
parallel to the upper incisor axis.

Upper palatal bone level (UPBL): Distance between the 
palatal enamel cementum border and the palatal alveolus 
crest, parallel to the upper incisor axis.

Upper anterior bone thickness (UABT): Distance between 
the root tip and the intersection of the buccal maxillary 
curvature perpendicular to the upper incisor axis.

Upper palatal bone thickness (UPBT): The distance between 
the root tip and the intersection of the palatal maxillary 
curvature, perpendicular to the upper incisor axis.

Upper root length: The distance between the intersection 
point between the upper incisor-enamel-cement junction 
width and the tooth axis and the root tip.

Upper enamel cementum junction width: Distance between 
the upper incisor buccal and palatal cementum enamel 
junctions.

Lower anterior bone level (LABL): Distance between the 
buccal enamel cementum border and the buccal alveolus crest, 
parallel to the lower incisor axis.

Lower lingual bone level (LLBL): The distance between the 
lingual enamel cementum border and the lingual alveolar crest 
parallel to the lower incisor axis.

Lower anterior bone thickness (LABT): The distance between 
the root tip and the intersection of the buccal mandibular 
symphysis, perpendicular to the lower incisor axis.

Lower lingual bone thickness (LLBT): The distance between 
the root tip and the intersection of the lingual mandibular 
symphysis, perpendicular to the lower incisor axis.

Lower root length: The distance between the intersection 
point between the lower incisor-enamel-cement junction 
width and the lower incisor axis and the root tip.

Upper trifurcation buccal: The shortest distance between the 
buccal alveolar border and the tooth in the horizontal section 
of the upper first molar at the trifurcation level.

Upper trifurcation palatal: The shortest distance between the 
palatal alveolar border and the tooth in the horizontal section 
of the upper first molar at the trifurcation level.

Upper distobuccal root middle buccal: The shortest distance 
between the buccal alveolar border and the tooth in the 
horizontal section of the upper first molar tooth at the level of 
the middle of the distobuccal root.
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Upper distobuccal root mid-palatal: The shortest distance 
between the buccal alveolar border and the tooth in the 
horizontal section of the upper first molar at the level of the 
middle of the distobuccal root.

Upper mesiobuccal alveolar height: The distance between the 
crest of the alveolar crest and the crest of the mesial tubercle in 
the frontal section of the upper first molar at the level of the 
mesial tubercle.

Upper middle alveolar height: The distance between the 
alveolar crest  and the buccal ridge crest in the frontal section 
of the upper first molar at the buccal ridge level.

Upper distobuccal alveolar height: The distance between the 
top of the alveolar crest and the top of the distobuccal tubercle 
in the frontal section of the upper first molar at the level of the 
distobuccal tubercle.

Lower bifurcation buccal: The shortest distance between the 
buccal alveolar border and the tooth in the horizontal section 
of the lower first molar at the bifurcation level.

Lower bifurcation lingual: The shortest distance between the 
lingual alveolar border and the tooth in the horizontal section 
of the lower first molar at the bifurcation level.

Lower distal root middle buccal: The shortest distance 
between the buccal alveolar border and the tooth in the 
horizontal section of the lower first molar at the level of the 
middle of the distal root.

Lower distal root mid-lingual: The shortest distance between 
the buccal alveolar border and the tooth in the horizontal section 
of the lower first molar at the level of the middle of the distal root.

Lower mesiobuccal alveolar height: The distance between the 
alveolar crest and the mesiobuccal tubercle in the frontal section 
of the lower first molar at the level of the mesiobuccal tubercle.

Lower middle alveolar height: The distance between the alveolar 
crest and the buccal middle tubercle  in the frontal section of 
the lower first molar at the level of the buccal middle tubercle.

Lower distobuccal alveolar height: The distance between the 
top of the alveolar crest and the top of the distobuccal tubercle 
in the frontal section of the lower first molar at the level of the 
distobuccal tubercle (Figure 1-4).

Statistical Analysis
Normal distribution of the data was tested with the Shapiro-
Wilk test. Mann-Whitney u test was used to compare non-
normally distributed measurements in 2 groups, and Kruskal-
Wallis and Dunn multiple comparison tests were used to 
compare more than 2 groups. Wilcoxon signed rank test was 
used to evaluate the changes in measurements before and after 
surgery.Figure 1. Anterior teeth measurements made on CBCT section

Figure 2. Posterior teeth measurements made on horizontal CBCT section

Figure 3. Lower distal root middle buccal and lingual measurements

Figure 4. Lower mesiobuccal alveolar height
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Relationships between numerical variables were evaluated 
with the Spearman correlation coefficient. Analyzes were 
made using the SPSS for Windows 24 program. A p-value of 
less than 0.05 was considered statistically significant.

RESULTS
For sample size estimation, we used the upper anterior 
bone level data from Kim et al.16 according to the power 
analysis performed using G*Power Software version 3.1.9.2 
(Universität Düsseldorf, Germany), it was determined that the 
alpha error probability was 0.05 and the sample size should 
consist of 15 patients for 80% power.

When the gender distribution of the patients is examined, it 
is seen that 56.3% are female and 43.8% are male. When the 
class distribution is examined, it is seen that 84.42% are class 
III and 15.6% are class II. When the group distribution of the 
patients is examined, it is seen that 65.6% are patients who 
have undergone double jaw surgery, 25% have only mandible 
surgery, and 9.4% have only maxilla surgery (Table 1).

There is a statistically significant difference between 
preoperative and postoperative measurements of upper 
anterior bone level, upper palatal bone thickness, upper root 
length, UABL/root UPBL/root, (UABT+UPBT)/CEJW, lower 
anterior bone level, lower root length LABL/root, LLBL/root, 
(LABT+LLBT)/CEJW, upper trifurcation buccal, upper DBR 
middle buccal, lower bifurcation buccal, lower DBR middle 
buccal, L1-mandibular plane values (p<0.05).

It is seen that the postoperative measurements of the upper 
anterior bone level, UABL/root, UPBL/root, lower anterior 
bone level, LABL/root, LLBL/root, (LABT+LLBT)/CEJW 
values are higher than the preoperative measurements.

Postoperative measurements of preoperative measurements of 
upper palatal bone thickness, upper root length, (UABT+UPBT)/
JECW, lower root length, upper trifurcation buccal, upper DBR 
middle buccal, lower bifurcation buccal, lower dr middle 
buccal, L1-mandibular plane values appears to be higher.

L1-mandibular plane, (UABT+UPBT)/CEJW, lower anterior 
bone thickness, (LABT+LLBT)/CEJW values were statistically 

Table 1. Comparison of pre-and post-operative measurements in millimeters p<0.05
Pre-operative Post-operative

Variables Mean±SD Mean±SD Average difference [95% CI] p
UABL 2.3±1.01 2.75±1.23 -0.45 [-0.73--0.16] 0.004*
UPBL 3.05±2.1 3.41±2.02 -0.35 [-0.72-0.01] 0.052
UABT 3.46±1.35 3.48±1.24 0.02 [-0.45-0.49] 0.674
UPBT 5.18±2.4 4.32±1.83 -0.86 [-1.39--0.33] 0.004*

Upper root length 12.19±1.51 11.7±1.64 -0.49 [-0.74--0.23] 0.001*
UABL/root 0.19±0.09 0.24±0.11 0.05 [0.02-0.07] 0.001*
UPBL/root 0.26±0.2 0.31±0.22 -0.05 [-0.09--0.01] 0.004*

(UABT+UPBT)/SEJW 1.33±0.29 1.21±0.3 -0.12 [-0.17--0.06] 0.001*
LABL 5.41±2.43 6.86±2.47 -1.45 [-2.02--0.87] 0.001*
LLBL 7.58±3.73 8.27±3.2 -0.69 [-1.35--0.03] 0.070
LABT 4.61±1.96 4.29±1.83 -0.32 [-0.8-0.16] 0.065
LLBT 1.97±1.4 1.74±1.29 -0.24 [-0.5-0.03] 0.090

Lower root length 11.75±1.25 11.39±1.29 -0.36 [-0.63--0.09] 0.005*
LABL/root 0.47±0.23 0.61±0.23 0.14 [0.09-0.19] 0.001*
LLBL/root 0.65±0.31 0.73±0.27 0.08 [0.02-0.14] 0.002*

(LABT+LLBT)/CEJW 1.2±0.41 1.21±0.77 0.01 [-0.23-0.26] 0.003*
Upper trifurcation buccal 0.7±0.8 0.43±0.61 -0.27 [-0.47--0.07] 0.010*

Upper trifurcation palatinal 0.52±0.74 0.43±0.62 -0.09 [-0.28-0.1] 0.420
Upper DBR middle buccal 0.36±0.61 0.06±0.24 -0.31 [-0.48--0.14] 0.003*

Upper DBR middle palatinal 0.9±1.13 0.87±0.92 -0.03 [-0.29-0.24] 0.936
Upper mesiobuccal alveolar height 7.97±0.95 8.33±0.95 -0.36 [-0.78-0.06] 0.080

Upper middle alveolar height 8.42±1.3 8.76±1.15 -0.33 [-0.78-0.11] 0.150
Upper distobuccal alveolar height 8±1.05 8.1±1.08 -0.1 [-0.52-0.33] 0.531

Lower bifurcation buccal 0.39±0.57 0.13±0.36 -0.25 [-0.44--0.06] 0.016*
Lower bifurcation lingual 0.9±0.91 0.92±1.07 0.03 [-0.18-0.23] 0.871
Lower DR middle buccal 0.6±0.91 0.31±0.81 -0.29 [-0.56--0.02] 0.043*
Lower DR middle lingual 2.26±1.15 2.27±1.3 0.01 [-0.26-0.28] 0.964

Lower mesiobuccal alveolar height 8.21±1.4 8.33±1.18 -0.12 [-0.49-0.26] 0.504
Lower middle alveolar height 8.13±1.1 8.58±1.37 -0.45 [-0.85--0.04] 0.054

Lower distobuccal alveolar height 7.11±0.91 7.4±1.45 -0.3 [-0.7-0.11] 0.511
U1-palatal plane 111.38˚±10.13 113.41˚±8.44 2.03˚ [-0.55-4.61] 0.058

L1-mandibular plane 85.99˚±8.41 83.67˚±6.87 -2.32˚ [-4.21--0.42] 0.024*
SD: Standart deviation, UABL: Upper anterior bone level, UPBL: Upper palatinal bone level, UABT: Upper anterior bone thickness, UPBT: Upper palatinal bone thickness, LABL: Lower anterior bone 
level, LLBL: Lower lingual bone level, CEJW: Cement enamel junction width, LABT: Lower anterior bone thickness, LLBT: Lower lingual bone thickness
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significant. (UABT+UPBT)/CEJW value decreased more in 
women than in men.

When examined between class II and class III groups, the 
changes in lower anterior bone thickness, lower root length, 
LABL/root, LABL/root values are statistically significant.

Lower anterior bone thickness decreased more in class III 
patients than in class II patients. Lower root length decreased 
more in class II patients than in class III patients. Changes in 
LABL/root and LLBL/root values changed more in class II 
patients than in class III patients (Table 2, 3).

When patients who had only lower and only upper jaw surgery 
were compared, the change in lower anterior bone level 
changed more in patients who had only lower jaw surgery than 
in patients who had only upper jaw surgery. Lower anterior 
bone thickness measurement changed more in patients who 
had double jaw surgery than in patients who had single 
mandible surgery. Lower distal root mid-lingual measurement 
changed more in patients who underwent double jaw surgery 
than in patients who underwent single upper jaw surgery.

DISCUSSION
Today, the Le Fort I osteotomy procedure for the correction 
of severe dentofacial deformities has been modified and 
improved in recent years and has become one of the standard 
operations performed in oral and maxillofacial surgery.7

The surgery, that is, Le Fort 1, which is usually performed 
together with bilateral sagittal split ramus osteotomy (BSSRO), 
allows changes in all three directions of space, is frequently 
preferred to correct functional and cosmetic irregularities, and 
is used in the treatment of a wide variety of malocclusions.8

Oral rehabilitation combined with orthognathic surgery is a 
long and challenging process that relies on the cooperation 
of the patient throughout the treatment to achieve the goals 
of functional improvement, prevention and correction of 
deformities, and improvement of quality of life.9

No matter how accurate the diagnosis, how comprehensive 
the approach, and how meticulous the surgical technique, 
complications will occur in a small percentage of patients after 
orthognathic surgery. This situation is an expected possibility. 

Table 2. Comparison of differences in millimeters according to the operated jaw p<0.05
Mand (n=8 ) Mand+Max (n=21) Max (n=3)

Variables Mean±SD Mean±SD Mean±SD p
UABL -0.31±0.59 -0.53±0.89 -0.22±0.6 0.853
UPBL -0.07±0.65 -0.41±1.17 -0.75±0.59 0.316
UABT -0.04±2.08 0.12±0.97 -0.52±1.16 0.392
UPBT -0.68±2.26 -0.91±1.15 -0.98±1.5 0.592

Upper root length -0.43±0.53 -0.5±0.8 -0.59±0.5 0.776
UABL/root 0.03±0.04 0.05±0.08 0.03±0.07 0.887
UPBL/root -0.03±0.04 -0.05±0.13 -0.09±0.07 0.517

(UABT+UPBT)/SEJW -0.11±0.06 -0.12±0.16 -0.11±0.31 0.807
LABL -2.49±1.62 -1.23±1.49 -0.18±0.3 0.041*
LLBL -2.22±2.74 -0.18±1.11 -0.17±0.92 0.203
LABT 0.43±1.85 -0.62±1.09 -0.25±0.42 0.037*
LLBT -0.76±0.71 -0.09±0.7 0.12±0.63 0.077

Lower root length -0.9±1.18 -0.17±0.47 -0.22±0.24 0.091
LABL/root 0.24±0.15 0.11±0.13 0.04±0.05 0.061
LLBL/root 0.23±0.24 0.03±0.09 0.04±0.08 0.055

(LABT+LLBT)/CEJW -0.06±0.34 -0.13±0.12 1.19±2.08 0.113
Upper trifurcation buccal -0.51±0.62 -0.24±0.5 0.16±0.61 0.442

Upper trifurcation palatinal -0.18±0.51 -0.02±0.48 -0.37±1.01 0.893
Upper DBR middle buccal -0.3±0.43 -0.23±0.47 -0.84±0.24 0.057

Upper DBR middle palatinal 0.24±1.04 -0.1±0.58 -0.2±1.06 0.256
Upper mesiobuccal alveolar height -0.2±0.91 -0.4±1.33 -0.6±0.37 0.766

Upper middle alveolar height -0.37±1.15 -0.39±1.28 0.19±1.44 0.640
Upper distobuccal alveolar height -0.02±1.55 -0.1±0.94 -0.28±2.14 0.947

Lower bifurcation buccal -0.14±0.82 -0.29±0.41 -0.28±0.48 0.595
lower bifurcation lingual -0.08±0.45 0.07±0.66 -0.03±0.06 0.583
Lower DR middle buccal -0.13±1.24 -0.35±0.52 -0.34±0.59 0.117
Lower DR middle lingual 0.39±0.66 -0.01±0.74 -0.86±0.23 0.024*

Lower mesiobuccal alveolar height 0.15±0.87 0.01±0.79 -1.69±1.91 0.086
Lower middle alveolar height -0.46±1.27 -0.47±1.01 -0.24±1.94 0.899

Lower distobuccal alveolar height -0.21±0.93 -0.28±1.14 -0.63±1.78 0.847
U1-palatal plane 4.5˚±8.6 2.19˚±4.91 -5.67˚±13.5 0.565

L1-mandibular plane -2˚±6.68 -1.72˚±4.67 -7.33˚±3.51 0.202
UABL: Upper anterior bone level, UPBL: Upper palatinal bone level, UABT: Upper anterior bone thickness, UPBT: Upper palatinal bone thickness, LABL: Lower anterior bone level, LLBL: Lower lingual 
bone level, LABT: Lower anterior bone thickness, LLBT: Lower lingual bone thickness, CEJW: Cement enamel junction width
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The aim should be to minimize these complications, increase 
patient comfort and have less traumatic experiences.

Many studies on the incidence and types of complications 
have been reported in the literature. In their study, Sousa 
and Turrini10 confirmed the low prevalence of postoperative 
complications with a literature review and showed that the 
data during osteotomy were approximately 12% sensory 
change, 3.4% infection, 2.5% fixation problems, and 1.8% 
unintended fracture rates.

It should not be forgotten that good oral hygiene and 
periodontal condition before surgery are important factors 
affecting the success of surgery and the risk of complications. 
Lupi et al.11 they also stated in their study that the degree 
of bone loss during adult orthodontic treatment may be 
higher than that observed in adolescents, especially if poor 
periodontal condition is not treated before orthodontic 
treatment begins. This situation paves the way for periodontal 

and osseous defects in the adult patient profile where 
orthognathic surgery is especially applied.

Nelson et al.12 showed in their study that orthodontic variables 
such as the type of tooth movement (especially intrusion, 
lingual tipping) and treatment duration are more important 
factors for attachment loss resulting from the use of appliances 
during orthodontic treatment.

Steiner et al.13 in their study on monkeys, it was shown that 
orthodontic movement in the labial direction caused loss of marginal 
bone and connective tissue attachment and gingival recession.

Yoonji et al.14 in their study, they emphasized the need to 
reconsider excessive orthodontic movement, especially in 
skeletal class III adult patients, according to the patient’s 
anatomical boundaries and periodontal health.

As a result of the studies carried out by all these researchers, 
different complications related to orthognathic surgery and 

Table 3. Correlations between differences with anomaly p<0.05

Class II (n=5) Class II  (n=27)

Variables Mean±SD Mean±SD p

UABL -0.15±0.52 -0.5±0.83 0.604

UPBL -0.15±0.82 -0.39±1.06 0.500

UABT 0.44±2.46 -0.06±1.04 0.775

UPBT -1.19±2.5 -0.8±1.27 0.836

Upper root length -0.54±0.56 -0.48±0.74 0.697

UABL/root 0.02±0.04 0.05±0.08 0.696

UPBL/root -0.05±0.05 -0.05±0.12 0.550

(UABT+UPBT)/SEJW -0.12±0.04 -0.12±0.17 1.000

LABL -2.55±1.94 -1.24±1.46 0.154

LLBL -2.07±2.56 -0.44±1.59 0.169

LABT 1.08±1.51 -0.58±1.14 0.010*

LLBT -0.82±0.68 -0.13±0.72 0.058

Lower root length -1.43±0.9 -0.16±0.53 0.009*

LABL/root 0.26±0.14 0.11±0.13 0.045*

LLBL/root 0.22±0.19 0.05±0.14 0.022*

(LABT+LLBT)/CEJW 0.06±0.33 0±0.73 0.287

Upper trifurcation buccal -0.51±0.74 -0.23±0.52 0.772

Upper trifurcation palatinal -0.36±0.57 -0.04±0.53 0.255

Upper DBR middle buccal -0.48±0.46 -0.27±0.47 0.257

Upper DBR middle palatinal 0.08±1.22 -0.04±0.66 0.309

Upper mesiobuccal alveolar height -0.27±0.97 -0.38±1.21 0.897

Upper middle alveolar height -0.11±1.36 -0.37±1.23 0.897

Upper distobuccal alveolar height -0.04±0.48 -0.1±1.28 0.716

Lower bifurcation buccal -0.02±0.97 -0.3±0.42 0.161

Lower bifurcation lingual -0.07±0.6 0.04±0.59 0.317

Lower DR middle buccal -0.32±1.6 -0.29±0.52 0.343

Lower DR middle lingual 0.38±0.63 -0.06±0.76 0.194

Lower mesiobuccal alveolar height -0.24±0.8 -0.09±1.09 0.795

Lower middle alveolar height 0.18±1.05 -0.56±1.12 0.169

Lower distobuccal alveolar height 0.34±0.25 -0.41±1.18 0.065

U1-palatal plane 6±10.84 1.3±6.29 0.604

L1-mandibular plane -3.2±7.6 -2.15±4.89 0.716

*Significant at 0.05 level, Mann Whitney u test, p: Statistical significance value, UABL: Upper anterior bone level, UPBL: Upper palatinal bone level, UABT: Upper anterior bone thickness,                                  
UPBT: Upper palatinal bone thickness, LABL:  Lower anterior bone level, LLBL: Lower lingual bone level, LABT: Lower anterior bone thickness, LLBT: Lower lingual bone thickness
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the changes that may occur in the alveolar bone have become 
a matter of concern. Since orthognathic surgery procedures 
are different and depend on many different factors, the 
complications that may arise need to be carefully evaluated 
in a broad context. Although we want to examine the isolated 
relationship of orthognathic surgery with alveolar bone loss, 
we must state that we cannot completely isolate the effects 
of orthodontic treatment and orthognathic surgery on bone 
from each other.

Considering this information, our study aimed to evaluate 
pre-and post-operative alveolar bone levels in patients who 
underwent orthognathic surgery following orthodontic 
treatment.

Many studies have been conducted in the literature involving 
different numbers of patients. For example, Nicodemo et al.15 
in their study based on 29 patients aged between 17 and 46, 
with angle class III malocclusion and indication for surgical 
intervention; The patients received orthodontic preparation 
between 1 year and 1 year and 6 months, and then underwent 
orthognathic surgery.

Kim and Kook16 conducted a study on tomography images 
taken at least 1 month before the surgery in 20 patients 
with class III crossbite and open bite who were indicated 
for orthognathic surgery, and found that alveolar bone level 
losses in the mandibular incisors were greater, especially in the 
lingual area, compared to the maxilla, and that the maxillary 
incisors were affected in the palatal area. They stated that the 
bone thickness on their faces was significantly greater than the 
lingual of the mandibular incisors and emphasized that special 
attention should be paid to bone loss in the lower incisor 
region during orthodontic treatment, especially in class III 
orthognathic surgery patients.

Radiographs and advanced imaging techniques are of great 
importance in evaluating alveolar bone changes. Bholsith et 
al.18 stated that cephalometric analysis is one of the basic tools 
of craniomaxillofacial surgery as well as orthodontic diagnosis, 
and they also defined cephalometry as a two-dimensional 
reflection of three-dimensional structures.

Cephalometric films may have disadvantages such as non-
homogeneous growth and distortions of lateral structures and 
incorrect landmark positions due to overlapping structures. 
Incorrect head position may cause incorrect diagnosis.

Choi et al.15 reported in their study that diagnoses regarding 
bone structure can be made with excellent accuracy by cone 
beam computed tomography (CBCT). In addition, they stated 
that CBCT overcomes the limitations of traditional two-
dimensional radiographs and provides three-dimensional 
images that facilitate measurements from buccal and lingual 
bone plates and reflect much more reality.18 Considering this 
information, CBCT was preferred in our study in order to 
minimize distortion and to avoid errors caused by incorrect 
head position during the measurement of all anatomical 
points used in our parameters.

Lee et al.,19 in their study on 25 class III orthognathic surgery 
patients, stated that the IMPA (L1-Mandibular Plane) angle, 
which was 92.17 degrees before surgery, decreased to 87.42 

degrees after the operation. In our study, the L1-Mandibular 
plane angle decreased from 85.99 to 83.67 degrees. The 
researcher stated that excessive buccal incisor movement in 
orthodontic treatment before surgery causes alveolar bone 
resorption, and their findings are also compatible with our 
study.

Kim and Park20 looked at UABL (upper anterior bone level), 
UPBL (upper palatinal bone level), UABT (upper anterior 
bone thickness), UPBT (upper palatal bone thickness), 
LABL (lower anterior bone level), LLBL (lower lingual bone 
level), LABT (lower anterior bone thickness), LLBT (lower 
lingual bone thickness) values in their study and found that 
the alveolar bone thickness in the upper jaw was thicker than 
in the lower jaw symphysis, but inversely with the thickness, 
bone losses were greater in the lower jaw symphysis region 
than in the maxilla anterior. In our study, alveolar bone losses are 
concentrated in the mandible, and mandibular anterior losses 
and mandibular lingual losses are greater than maxillary losses.

Many researchers have suggested that excessive labial or 
lingual movement of maxillary and mandibular incisors 
should be avoided to prevent irreversible bone loss that leaves 
the tooth with less bone support.21,22 In our study, alveolar 
resorption occurred not only in the anterior region but also 
in the molar region with tooth movement directed towards 
the cortical bone, with the values of upper trifurcation buccal, 
upper disto buccal root middle buccal, lower bifurcation 
buccal and lower distal root middle buccal.

It is recommended that the use of elastics used after 
orthognathic surgery should not exceed physiological limits 
in terms of force and duration, and that the treatment time 
and amount of surgical movement should be kept as minimal 
as possible and the treatment should be completed with 
minimum tension after the operation.23

Current studies have shown that anterior tooth inclination 
causes losses such as fenestration and dehiscence, as well 
as local alveolar bone loss, if long-term and severe force is 
applied, especially in the mandible anterior.24

Steiner et al.13 in their study, they found that orthodontic 
movement in the labial direction caused loss of marginal 
bone and connective tissue attachment. In our study, as seen 
from the decrease in UABL (upper anterior bone level), LABL 
(lower anterior bone level) values and changes in incisor 
angles, it is thought that tooth movement in the direction of 
the cortical bone causes alveolar bone resorption and decrease 
in bone thickness.

Yoonji et al.14 in their study, they emphasized the need to 
reconsider excessive orthodontic movement, especially in 
skeletal class III adult patients, according to the patient’s 
anatomical boundaries and periodontal health. As seen in our 
study, lower anterior bone thickness decreased more in class 
III patients than in class II patients. Our findings are consistent 
with Yoonji et al.16 it is similar to their study.

Wehrbein et al.25 they suggested that significant sagittal incisor 
movement and rotation are critical risk factors for progressive 
lingual and labial bone loss in patients with class III anomalies 
with narrow symphysis and increased vertical direction 
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growth. The study supports our study by finding that lower 
anterior bone thickness decreased more in class III patients 
than in class II patients.

Jäger et al.26 showed in their study that a change in tooth 
position changes the thickness of the labial and lingual 
cortical plates at the level of the root apex. As a result of 
our measurements, a decrease in root length was detected 
in maxillary teeth. It was observed that the upper incisor 
buccal and palatal bone levels were more resorbed than the 
root. The ratio of upper buccal and palatal bone thickness to 
cementum-enamel junction has decreased. These data support 
the postoperative changes in terms of UPKK (upper palatal 
bone thickness), (UABT+UPBT) CEJW (upper anterior 
bone thickness+upper palatal bone thickness/cement enamel 
junction width) values. In our study, it was observed that bone 
loss occurred in the upper incisor buccal region, and bone 
thickness decreased in the upper incisor palatal region.

Sun et al.27 in their study, it was reported that the labial 
inclination of the mandibular incisors showed a positive 
correlation with the labial and total alveolar bone thickness 
and a negative correlation with the lingual alveolar bone 
height. The finding of a moderate positive correlation between 
lower mesiobuccal alveolar height and L1-mandibular plane in 
our study supports this finding.

Another CBCT study reported alveolar bone loss around the 
incisors in skeletal class III patients treated with orthognathic 
surgery. In the study, it was observed that the vertical alveolar 
bone level decreased more in the mandibular incisors 
compared to the maxillary incisors, especially on the lingual 
side.16 In our findings, the lower jaw lingual bone level 
parameter decreased more than the upper jaw palatal bone 
level parameter. The findings are parallel to the study.

In the treatment of class III patients with mandibular 
prognathism, particular attention should be paid to the 
alveolar bone around the mandibular anterior teeth. Especially 
in extraction cases, mandibular anterior teeth are more 
vulnerable to bone defects during retraction compared to 
maxillary anterior teeth.28 Therefore, it is also very important 
to evaluate and identify clinical factors associated with changes 
in alveolar bone dimensions in orthodontic decompensation 
before surgery. However, in skeletal class III patients with thin 
mandibular symphysis and increased vertical height, even a 
small amount of periodontal inflammation may pose a risk of 
bone loss and destruction.29

Guo et al.29 emphasized in their study that the alveolar 
bone level, especially in the mandibular incisors, should be 
considered specifically in skeletal class III patients.

It should not be forgotten that orthognathic surgery 
procedures are performed on adult patients. In our study, 
patients with bone loss from both maxillary (upper anterior 
bone level, upper palatal bone thickness, UABL/root, UPBL/
root, (UABL+UPBL)/CEJW, upper trifurcation buccal, 
upper DBR middle buccal p<0.05) and mandibular (lower 
anterior bone level), lower root length, AAKS/root, ALKS/
root, (AAKK+ALKK)/MSBG, lower bifurcation buccal, lower 
DK middle buccal p<0.05) are evaluated. Being an adult 
patient, slowing down of bone regeneration or even having a 

risk of residual bone degeneration, and the possibility of an 
underlying systemic disease such as osteoporosis, osteopenia, 
vitamin D/calcium deficiency, menopause or pregnancy, and 
bisphosphonate use should be taken into consideration during 
the treatment planning phase. 

Santos et al.30 found in their study that alveolar bone dehiscence 
increased significantly only on the lingual side of the lower first 
molar in class II group patients. Parallel to this, in our study, 
lower 1st molar distal root middle lingual bone measurement 
changed more in patients who underwent double jaw surgery 
than in patients who underwent single upper jaw surgery. 
All 5 class II patients in our study underwent mandibular 
advancement surgery. The observation of bone loss on the 
lingual side of the lower molar teeth in operations involving 
the lower jaw is supported by the study.

Bondemark31 found that the average alveolar bone loss per 
patient in adolescents who received orthodontic treatment 
for 2 years during a 5-year observation period varied between 
0.1 and 0.5 mm. In our study based on the data obtained, the 
average bone loss was found to be 0.45 mm at the upper buccal 
level and 0.35 mm at the upper palatal level, while the lower 
incisor region was found to be 1.45 mm at the buccal level and 
0.69 at the lingual level.

Nelson et al.12 also did not find a relationship between 
maxillary osteotomy and lower jaw bone loss as a result of 
their study. The findings support our findings in that the 
change in the lower anterior bone level in our study, when 
comparing the patients who had only lower and only upper 
jaw surgery, changed more in patients who had only lower jaw 
surgery than in patients who had only upper jaw surgery, and 
that the maxilla was not affected statistically significantly by 
the surgery performed on the mandible.

CONCLUSION
Every surgical procedure carries an element of risk. However, 
the risks and potential morbidity of orthognathic treatment 
are relatively low and generally short-term.

Considering the patient’s age, systemic status, surgery-related 
factors, dental and anatomical differences; it is not possible to 
make a definitive diagnosis regarding the increase or decrease 
of complications in orthognathic surgery depending on 
gender. Specific studies in this field should be increased and 
patient profiles in different subcategories should be diversified.
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ABSTRACT
Aims: In maxillofacial surgery, various drugs are used in order to accelerate the recovery of defects caused by any reason. 
Several studies have shown that denosumab from bisphosphonate group drugs used in osteoporosis patients has positive 
effects on new bone formation. In general medicine and dentistry, ozone is in widespread use as an alternative treatment 
and has positive effects on new bone formation. The aim of this study was to evaluate new bone formation by performing 
denosumab and ozone on critical-sized rat calvarium defects. 

Methods: In our study, 40 Sprague Dawley rats were used. Rats were divided into 4 groups. Only grafts were placed in the 
control group. After applying graft to ozone group (O) and ozone and denosumab (O-D) groups, topical ozone was applied 
for 15 seconds. Denosumab group (D) and O-D group were injected subcutaneously (s.c) 10 mg/kg Prolia (denosumab) every 
4 weeks for 8 weeks. 5 animals from each group at the end of week 4, while the other five animals in the group at the end of 
8 weeks after being sacrificed for histopathological examination was performed. The differences between the groups were 
evaluated by statistical analysis. 

Results: After histopathological examination, better bone formation was observed in the ozone and denosumab treated groups 
compared to the control group. There was no statistically significant difference between the groups except for the control 
group, however, new bone formation was determined in the groups treated with denosumab compared to the ozone group.

Conclusion: As a result of our study, we believe that the application of ozone and denosumab has a positive effect on the 
formation of new bone, but more comprehensive studies on the subject are needed.

Keywords: Rat, ozone, denosumab, new bone formation
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INTRODUCTION
In oral and maxillofacial surgery, healing and bone formation 
in the operating area have been one of the most emphasized 
issues. Today, autogenous grafting is considered and used as 
the gold standard in bone healing. Although autogenous grafts 
are the gold standard, different graft materials (allografts, 
xenografts, alloplastic graft) can be used due to their 
disadvantages such as creating a second wound area, the risk 
of bone graft resorption, the risk of nerve injuries and the risk 
of infection.1

Ozone (O₃) is a natural compound consisting of three oxygen 
atoms. Ozone is not a radical molecule due to its chemical 
structure, but it is the third most powerful oxidant known. 
Since ozone cannot be stored and has a half-life of 40 minutes, 
it is an unstable gas that must be used all at once. O₃ has been 

frequently used in dentistry and oral surgery since 1993 due 
to its antimicrobial properties, analgesic effect, and regulatory 
effects on microcirculation and peripheral blood circulation.2

Bone tissue is considered one of the hardest tissues in our 
body. If bones are exposed to trauma, their repair abilities are 
highly developed, and therefore, new bone tissue is obtained 
in the affected area and the functions of the relevant area are 
restored.3,4

The disruption of the anatomical integrity of the bone due 
to external or internal forces is called a fracture. A number 
of physiological reactions begin to restore the damaged bone 
integrity. In bone healing, scar tissue does not form and it 
heals through restructuring. Fracture healing begins from the 
moment the fracture occurs and continues until the regular 

https://orcid.org/000-0003-0085-6207
https://orcid.org/0000-0003-3642-1109
https://orcid.org/0000-0002-3280-1430
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bone tissue and the fracture ends unite.5 If fibrous tissue forms 
after the bone tissue heals, this indicates that the fracture has 
not healed.6

Denosumab is a recently FDA-approved monoclonal antibody 
for the treatment of osteoporosis in postmenopausal women 
at high risk of fracture.7 It is also being evaluated for the 
prevention of osteoporosis in postmenopausal women, as well 
as for the treatment and prevention of bone loss in patients 
undergoing hormone ablation therapy for breast and prostate 
cancer.8,9 The aim of this study was to evaluate new bone 
formation by performing denosumab and ozone on critical-
sized rat calvarium defects.

METHODS
This study was supported by Dicle University Scientific 
Research Projects with project number DİŞ17.022. Ethics 
committee approval for our thesis study was received from 
Dicle University Animal Experiments Local Ethics Committee 
(Date: 30.05.2017, Decision No: 2017/09). The experimental 
stages of our study were carried out at Dicle University Prof. 
Dr. Sabahattin Payzın Health Sciences Research Center, and 
histopathological examinations were carried out at Dicle 
University Faculty of Medicine, Department of Histology and 
Embryology. This study was conducted on critical-sized bone 
defects opened experimentally in the rat calvarium.

In our study, 40 Sprague-Dawley male rats with an average 
weight of 350 grams were used. Sprague-Dawley rats aged 6 
months were used in the study. During the experiment, all 
subjects were housed in special plastic cages in ventilated 
rooms with 12 hours of light and 12 hours of darkness, at a 
temperature of 24 degrees, free access to drinking water and 
standard food. Before starting our study, the health status of all 
subjects was checked by a veterinarian.

Study Groups Experimental animals were divided into 4 
groups, with 10 rats in each group
Group 1 [Control Group (C)]: Only graft was applied to the 
rats in this group.

Group 2 [Ozone Group (O)]: Topical ozone and graft 
application was applied to the rats in this group.

Group 3 [Denosumab Group (D)]: Subcutaneous denosumab 
was given to the rats in this group and graft was applied.

Group 4 [Ozone and Denosumab Group (O+D)]: Topical 
ozone, subcutaneous denosumab and graft were applied to the 
rats in this group.

Graft was applied to the defect area of all rats in the study. 
Control group; The defect was opened only on the calvarium 
with a trephine drill and the graft was applied. In the ozone 
group; Topical ozone was applied to the rats in this group after 
the graft was placed in the defect area. Denosumab Group; 
Rats in this group were injected subcutaneous denosumab 
after placing the graft in the defect area. In the ozone and 
denosumab group; After the graft was placed in the defect 
area, topical ozone was applied to the rats in this group and 
subcutaneous denosumab was injected. 5 animals from each 
group were sacrificed at the end of the 4th week, and the other 

5 animals in each group were sacrificed at the end of the 8th 
week. The removed tissues were stored in fixative solution and 
examined histopathologically.

Surgery Prodecure
General anesthesia was achieved by intramuscular injection 
using Ketamine (Ketalar®, Pfizer, Turkiye) 50 mg/kg and 
Xylazine (Rompun®, Bayer, Turkiye) 10 mg/kg in the 
anesthesia applied for surgical procedures in all rats. Asepsis 
and antisepsis criteria were complied with during surgical 
procedures in all subjects. All instruments to be used were 
sterilized before the operation. After the calvarial area of all 
subjects was shaved, they were stained with povidone-iodine 
and covered with a sterile cover, leaving the operation area 
exposed. To reach the calvarium, approximately 24 mm long 
skin and subcutaneous incisions were made in the anterior-
posterior direction. By blunt dissection, the outer surface 
of the calvarium was reached by removing the soft tissues 
and stripping the periosteum. The defect was prepared 
with a 5 mm diameter trephine bur attached to a contra-
angle handpiece under physiological saline cooling. Bovine 
xenograft (Hypro-Oss, Bioimplon GmbH, Gießen, Germany) 
was placed in the defect area. Topical ozone (W&H Prozone 
Ozone generator, Bürmoos, Austria) was applied for 15 
seconds after the graft was applied to the ozone group (O) 
and ozone+denosumab (O+D) groups. Denosumab group 
(D) and ozone and denosumab (O-D) groups were injected 
subcutaneously (s.c) with 10 mg/kg Prolia (ready-to-use 
injector containing Denosumab 60 mg SC solution for 23 
injections, Amgen, Turkiye) every 4 weeks for 8 weeks. After 
the operation, the working area was closed primarily with 
3/0 silk suture. For infection control, 30 mg/kg Cefazolin was 
administered intramuscularly (i.m.) post-operatively. Subjects 
were taken to the recovery room in metal cages. In the post-
operative period, 30 mg/kg Cefazol (i.m) and Carprofen 4 mg/
kg subcutaneously were administered to the subjects who were 
fed orally, once a day, for the first five days after the surgery.

Histopathological Analyzes
In each group, half were sacrificed in the 4th week and the 
other half in the 8th week. At the end of the 4th and 8th weeks, 
the rats were given high doses of anesthesia and euthanized 
using the cervical blockade method. For histopathological 
analyses, the calvarial bone was resected, the calvarium sample 
of each subject was fixed in Zinc-Formalin for at least 8 hours, 
and following the fixation process, it was decalcified with 15% 
nitric acid solution for 72 hours. These fixed and decalcified 
samples were embedded in paraffin and sections with an 
average thickness of 4-5 µm were taken from the paraffin 
blocks of each sample. H-E, Masson Trichrome and Mallory-
Azan staining methods were used as histochemical staining 
methods. The samples were scored and statistical analysis was 
performed considering the criteria of osteoblastic activity, 
bone trabeculae, collagen fiber distribution, connective tissue 
cells and osteocyte cells.

Semi-Quantitative Histologic Scoring
Scoring was performed using a 0 to 3 scoring system (0, none; 
1, minimal; 2, moderate; 3, abundant).
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Statistical Analysis
The data obtained in this study were analyzed with the 
IBM SPSS Statistics Version 22 package program. While 
investigating whether the variables came from a normal 
distribution, Shapiro Wilk’s was used due to the number of 
units. While examining the differences between the groups, 
the Kruskal Wallis-H test was used because the variables did 
not come from a normal distribution. If significant differences 
were seen in the Kruskal Wallis-H test, groups with differences 
were determined with the PostHoc multiple comparison 
test. When examining the difference between two dependent 
variables, the Wilcoxon test was used because the variables did 
not come from a normal distribution. The significance level 
was set as p<0.05.

RESULTS
In our research, a total of 40 Sprague-Dawley adult male rats 
with an average weight of 350 g were used, 10 in each group. 
Our study consisted of 4 groups: control group (C), ozone 
(O), denosumab (D), ozone and denosumab (OD), and 5 
animals from each group were sacrificed at the end of the 4th 
week, and the other 5 animals in the group were sacrificed at 
the end of the 8th week. The removed tissues were subjected to 
histomorphological examination in fixative solution. During 
the experimental study, it was observed that the rats tolerated 
the surgical procedure well, there were no adverse effects in 
terms of their nutrition, no infection occurred due to the 
operation, and the general health of the subjects was good.

Histopathological Findings (Week 4) 
1. Control group: In the 4th week, intense mononuclear cell 
infiltration was observed in the grafted area of the control 
group calvarial bone. In the graft area, small bone trabeculae 
with increased matrix, an increase in osteoblast cells, and 
a development in the direction of mature bone cells were 
observed. Thickening and irregular distribution of collagen 
fibers were observed (Figure 1).

2. Ozone group: In the 4th week ozone group, in the area where 
the calvarial bone graft was applied, maturation of bone trabeculae 
and concentration in the matrix, an increase in osteoblastic 
activity around the bone trabeculae, and a prominence in mature 

osteocyte cells were observed. Within the graft area, an increase 
in normal connective tissue cells, hyperplasia in fibroblast 
cells, a decrease in inflammatory cells, thickening and irregular 
distribution in collagen fibers were observed (Figure 2).

3. Denosumab group: In the 4th week denosumab group, in 
the area where the calvarial bone graft was applied, expansion 
of the bone trabeculae was observed due to the increase in 
matrix in the bone trabeculae, an increase in osteoblast cells in 
the periphery of the bone trabeculae, and a prominence in the 
bone lacunae. It was observed that there was a thickening of 
collagen fibers in the graft area and connective tissue cells with 
high mitotic activity due to a decrease in cell infiltration. It was 
observed that bone development accelerated and the number 
of bone cells increased due to the effect of the drug (Figure 3).

4. Ozone and Denosumab group: In the 4th week, in the 
ozone and denosumab group, it was observed that in the 
area where the calvarial bone graft was applied, collagen fiber 
synthesis increased, thickening of the fibers became evident, 
hypertrophy in fibroblast cells and an increase in connective 
tissue cells. Increased bone matrix development, hyperplasia 
of osteoblast cells in the periphery, and prominence of 
osteocyte cells within the lacuna were observed. It has been 
observed that new bone development accelerates further and 
there is a significant increase in the number of mature bone 
cells due to drug and ozone application (Figure 4).

Figure 1. Graft area view of the control group calvarial bone at the 4th week. 
Dense mononuclear cell infiltration (•), small bone trabeculae (black →), 
Osteoblast cells (yellow →) (Staining: Hematoxylin-eosin (H-E), bar: 50µ

Figure 2. Graft area view of the calvarial bone in the 4th week ozone group. 
Increase in osteoblastic activity (yellow →) around the bone trabeculae 
(black →), prominence in osteocytecells (green →), increase in connective 
tissue cells (Δ) (Staining: Hematoxylin-eosin (H-E), bar: 50µ)

Figure 3. View of the graft area of the denosumab group calvarial bone at 
the 4th week. Expanded bone trabeculae (black →), dense collagen bands 
around the bone trabeculae (red →), increase in osteoblast cells (yellow →), 
significant increase in connective tissue cells (Δ) (Staining: Hematoxylin-
eosin (H-E), bar: 50µ)
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Histopathological Findings (Week 8) 
1.Control group: In the area where the calvarial bone graft 
was applied in the control group at the 8th week, the bone 
trabeculae in the graft area expanded due to the increase in 
osteoblastic activity, the amount of matrix increased, and the 
amount of osteocyte cells began to increase with the lacunae 
becoming evident in some places. It was observed that 
collagen bands were quite thick and connective tissue cells 
were diffusely increased (Figure 5).

2. Ozone group: In the 8th week ozone group, in the grafted 
area of the calvarial bone, bone trabeculae of varying sizes 
that had completed bone development were observed within 
the graft area. An increase in osteoblastic activity, prominence 
in osteocyte cells and an increase in the number of osteon 
structures were observed within these trabeculae. It was 
determined that collagen bands around the trabeculae in the 
graft area were extremely concentrated and the number of 
connective tissue cells increased (Figure 6).

3. Denosumab group: In the 8th week denosumab group, 
in the area where the calvarial bone graft was applied, a 
significant expansion of the bone trabeculae, a significant 
increase in osteoblastic activity in the periphery, an increased 
number of osteocyte cells and osteon structures located in 
the lacuna began to appear. In the graft area, it was observed 
that collagen fibers were formed in the form of tight and thick 
bands and there was an intense increase in connective tissue 
cells between them. New bone formation took shape (Figure 7).

Figure 4. Graft area view of the ozone and denosumab group calvarial bone 
at the 4th week. Increase in collagen fiber synthesis (red →), prominence in 
osteocyte cells within the lacuna (green →), hypertrophy in fibroblast cells 
(blue →), increase in osteoblast cells (yellow →) (Staining: Hematoxylin 
-Eosin (H-E), bar: 50µ)

Figure 5. Graft area view of the calvarial bone in the control group at the 
8th week. Increase in osteoblastic activity (yellow →) Increase in the number 
of osteocytes (green →), collagen fibers in the form of thick bands (red →), 
significant increase in connective tissue cells (Δ) (Staining: Hematoxylin-
eosin (H-E), bar: 50µ)

Figure 6. Graft area view of ozone group calvarial bone at week 8. Increased 
bone trabeculae (black →), dense collagen bands (red →), connective tissue 
cells (Δ), Osteocyte cells (green →), Osteoblast cells (yellow →), Osteon (pink 
→) (Staining: Hematoxylin-eosin (H-E), bar: 50µ)

Figure 7. Graft area view of the calvarial bone in the denosumab group at 
the 8th week. Expanded bone trabeculae (black →), dense collagen bands (red 
→), connective tissue cells (Δ), Osteocyte cells (green →), Osteoblast cells 
(yellow →), (Staining: Hematoxylin-eosin(H-E), bar: 50µ)

4. Ozone and Denosumab group: In the 8th week, in the 
ozone+denosumab group, all elements suitable for new bone 
formation began to form in the expanded bone trabeculae 
in the area where the calvarial bone graft was applied. A 
significant hypertrophy of osteoblastic cells and an increased 
number of osteocyte cells settled in the lacuna were observed. 
Although osteon structures appear distinct, bone marrow has 
begun to form within the trabecular areas. Collagen fibers 
were arranged in thick and tight bands around the trabeculae, 
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and connective tissue cells increased in clusters. All findings 
regarding new bone formation were seen as positive in this 
group (Figure 8).

There is a statistically significant difference between the 
groups in terms of bone formation 4th week scores (p<0.05). 
The bone formation score of the control group (K) at week 4 
was significantly lower than the ozone and denosumab group 
(O+D) (Table1) (Figure 9).

There is a statistically significant difference between the groups 
in terms of bone formation 8th week scores (p<0.05). The bone 
formation 8th week score of the control group is significantly lower 
than the ozone and denosumab group (Figure 10) (Table 2).

There is statistically significant difference between the 4th 
week and 8th week findings in terms of bone formation scores 

in the control group (p<0.05). In the control group, the bone 
formation score at week 4 was significantly lower than the score 
at week 8. There is a statistically significant difference between 
the findings of the 4th week and the 8th week in terms of bone 
formation scores in the ozone group (p<0.05). In the ozone 
group, the bone formation score at week 4 was significantly 
lower than the score at week 8. There is a statistically significant 
difference between the 4th week and 8th week findings in terms 
of bone formation scores in the denosumab group (p<0.05). 
In the denosumab group, the bone formation score at week 
4 was significantly lower than the score at week 8. There is a 
statistically significant difference between the 4th week and 8th 
week findings in terms of bone formation scores in the ozone 
and denosumab groups (p<0.05). In the ozone and denosumab 
group, the bone formation score at week 4 was significantly 
lower than the score at week 8 (Table 3) (Figure 11).

Figure 8. Graft area view of the ozone and denosumab group calvarial 
bone at the 8th week. Expanded bone trabeculae (black →), collagen fibers in 
the form of thick and tight bands (red →), increased connective tissue cells 
(Δ), a large number of increased osteocyte cells (green →) and Osteoblast 
cells (yellow →), prominent Osteon (pink →), formed bone marrow (blue →) 
(Staining: Hematoxylin-eosin (H-E), bar: 50µ)

Table 1. Kruskal Wallis h test result regarding the difference between groups in terms of bone formation 4th week scores
Group Kruskal Wallis h Test

n Mean Median Min Max SD Mean Rank h p

Bone formation week 4

Control group 5 0.6 1 0 1 0.55 4.2

14.388 0.002
Ozone group 5 1.4 1 1 2 0.55 8.8

Denosumab group 5 1.8 2 1 2 0.45 11.6
Ozone-denosumab group 5 2.8 3 2 3 0.45 17.4

Total 20 1.65 2 0 3 0.93 1-4
Min: Minimum, Max: Maximum, SD: Standart deviation

Figure 9. Scatter plot of bone formation week 4 scores by groups

Figure 10. Scatter plot of bone formation week 8 scores by groups

Figure 11. Scatter plot of bone formation week 4 and week 8 scores within 
the group
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DISCUSSION
One of the most important areas of maxillofacial surgery 
is the restoration of bone volume lost for any reason. Since 
1950, the use of modern medicine as well as regenerative and 
complementary medicine approaches on some disease groups 
has increased significantly. Ozone therapy, one of the popular 
applications of regenerative and complementary medicine, 
has been applied in private treatment centers in our country 
for many years. Ozone is a naturally occurring compound 
containing three oxygen atoms. It is normally found in the 
atmosphere and filters out the sun’s harmful ultraviolet 
rays. Ozone therapy is the application of an ozone/oxygen 
mixture to the circulation or body cavities. Ozone therapy 
has been applied in medicine and dentistry for many years. 
Ozone has various effects such as antimicrobial, antihypoxic, 
immunomodulatory, biosynthetic and analgesic.10

Most published articles considering the use of ozone in 
dentistry concern the antimicrobial effects of ozone.11-14 

Additionally, there is not enough evidence for ozone 
application in oral and maxillofacial surgery.15 We chose to 
use ozone in our thesis due to its therapeutic effect, which 
facilitates wound healing and improves blood flow.16,17

Various animal species are used in thesis studies in the field of 
maxillofacial surgery. When we look at the literature, animal 
studies conducted with denosumab were mostly found in rat, 
mouse, rabbit and monkey species.18-21 We chose to use rats in 
our study in accordance with the literature.18-21

Denosumab is a new agent with antiresorptive potential used 
in the treatment of osteoporosis, which has been proven 
to increase bone mass, microarchitecture and durability 
in human and animal studies. The drug developed against 
RANKL (receptor activator of nuclear factor-κB-ligand) is 
a human monoclonal antibody. Besides these; It also acts 
to inhibit the differentiation and function of osteoclasts. 
Studies have reported that denosumab application has an 

antiresorptive effect on bone remodeling.22 Denosumab acts 
as a decoy receptor by binding to RANKL, preventing it from 
binding to RANK. When the RANKL/RANK connection 
is blocked, the differentiation of preosteoclasts into mature 
osteoclasts, their activation and survival are inhibited, and 
RANKL cannot produce bone resorption. Thus, it reduces 
resorption in cortical and trabecular bone. Denosumab 
drug shows its antiresorptive feature by blocking the life and 
production of osteoclasts that cause bone destruction. It also 
reduces bone turnover and increases bone mineral denalsity.23

Alpan et al.24 they placed a xenograft into the calvarial defect 
they created in diabetic rats. And they examined the effects of 
ozone on bone regeneration. According to the results of the 
study, it was determined that ozone applied in gaseous form 
increased xenograft resorption and accelerated early bone 
healing in diabetic rats.24 In our study, it was determined that 
when ozone and denosumab were used together, they showed 
a synergistic effect and provided better results in new bone 
formation.

Buyuk et al.25 examined the effects of ozone at various 
concentrations on bone healing in their study with 48 rats. 
The rats were divided into 4 groups, 10, 25, 40 µg/ml ozone 
was injected into the expansion area made in the premaxillary 
suture, and 1 ml saline solution was injected into the control 
group. Bone regeneration in the suture area was examined 
histomorphometrically and new bone area, fibrotic area, 
osteoblast, osteoclast number and vascularization were 
examined. All parameters examined were found to be 
significantly higher in the experimental groups than in the 
control group. It was reported that the values in the 25 µg/
ml ozone applied group were higher than both the other 
experimental groups and the control group.25 In our study, it 
was observed that ozone application alone increased new bone 
formation in the reconstruction of bone defects.

Table 2. Kruskal Wallis h test result regarding the difference between groups in terms of bone formation 8th week scores
Group Kruskal Wallis h Test

n Mean Median Min Max SD Mean Rank h p

Bone formation week 8

Control group 5 1.6 2 1 2 0.55 3.6

16.139 0.001
Ozone group 5 2.6 3 2 3 0.55 8.6

Denosumab gruop 5 3.2 3 3 4 0.45 12.3
Ozone+denosumab group 5 4 4 4 4 0 17.5

Total 20 2.85 3 1 4 0.99 1-4
Min: Minimum, Max: Maximum, SD: Standart deviation

Table 3. Wilcoxon test result for the difference between bone formation 4th week and 8th week scores within the group
Wilcoxon Test

n Mean Median Min Max SD Mean Rank z p

Control group Bone formation week 4 5 0.6 1 0 1 0.55 0 -2.236 0.025Bone formation week 8 5 1.6 2 1 2 0.55 3

Ozone group Bone formation week 4 5 1.4 1 1 2 0.55 0 -2.121 0.034Bone formation week 8 5 2.6 3 2 3 0.55 3

Denosumab group Bone formation week 4 5 1.8 2 1 2 0.45 0 -2.07 0.038Bone formation week 8 5 3.2 3 3 4 0.45 3

Ozon+denosumab group Bone formation week 4 5 2.8 3 2 3 0.45 0 -2.121 0.034Bone formation week 8 5 4 4 4 4 0 3
Min: Minimum, Max: Maximum, SD: Standart deviation
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Ominsky et al.19 they investigated the effect of denosumab 
on ovariectomized monkeys. They reported that denosumab 
reduced biological markers of bone remodeling and increased 
cortical and trabecular bone mass. They reported that 
denosumab increases bone etstrength by preserving bone 
quality and increasing bone mass.19 In our study, it was 
observed that denosumab, which has antiresorptive properties 
in the repair of bone defects, increased new bone formation 
both alone and in combination with ozone.

Kostenuik et al.21 reported that, as a result of their study, they 
detected an increase in both trabecular and cortical bone 
mass in monkeys treated with denasumab. In our study, when 
the control and denosumab groups were compared, it was 
observed that the drug denosumab significantly increased the 
formation of new bone area.

Gerstenfeld et al.26 in their study, they investigated the effects 
of alendronate and denosumab on fracture healing in a mouse 
model. A fracture line was created in the femur region and 
denosumab (10 mg/kg) and alendronate (0.1 mg/kg) were 
injected in groups. They found that the bone volume at the 
fracture line was higher and the bone structures were harder 
and more durable in the denosumab-treated group.26 The 
results obtained from our study are in line with the literature.

Bernhardsson et al.27 they investigated the effect of denosumab 
on screw fixation in their study on rats. They found that 
the drug denosumab increased bone density more than 
alendronate. Additionally, they reported that denosumab 
increased screw fixation in cancellous bone more than 
bisphosphonate.27 In our study, it was observed that the 
application of denosumab, which has antiresorptive properties, 
in the repair of bone defects, increased new bone formation 
both alone and in combination with ozone.

CONCLUSION
When the findings obtained as a result of our study were 
evaluated, the following conclusions were reached:

• It has been observed that ozone application alone increases 
new bone formation in the reconstruction of bone defects.

• It has been observed that the application of denosumab, 
which has antiresorptive properties in the repair of bone 
defects, increases new bone formation when used alone.

• It was determined that when ozone and denosumab were 
used together, they showed a synergistic effect and gave better 
results in new bone formation.

• There are many different studies in the literature showing 
that ozone has a positive effect on new bone formation. The 
results in our study are similar to other studies.

• In line with the results, we think that denosumab 
application can be used in operations to increase bone volume. 
Studies investigating long-term results can be conducted on 
this subject. On the other hand, it was deemed necessary to 
evaluate this treatment in terms of dose and duration with 
animal and clinical studies involving larger experimental 
groups before clinical applications.

• When we look at the results of our thesis, we think that 
it will benefit clinical studies, but it should be supported by 
additional studies.
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ABSTRACT
Aims: The aim of this study was to examine the clinical efficacy of Modified Veltri (MV) and first class (FC) appliances, to 
investigate the effect on skeletal teeth and soft tissues in the patients and to compare the findings obtained.

Methods: The study included 40 individuals aged between 12 and 16 years with class II malocclusion (ANB <6o), dental 
crowding not requiring extraction, and no congenital tooth deficiency. MV and FC appliances were applied to 20 and 20 
individuals, respectively. At the beginning of the study, at the end of distalization and three months after the reinforcement 
appliance was applied, cephalometric X-rays and plaster models were taken from the individuals and analyzed. The statistical 
significance of the changes that occurred during the distalization and reinforcement periods were evaluated by independent 
student’s t test for each group, and the significance between the groups was checked by paired Student’s t test.

Results: In the MV and FC groups, molar distalization was achieved in a similar time (4.29±0.97, 4.20±0.86). Skeletal changes 
were observed only in the MV group in SNB, ANB, SNGoGn, FMA (p<0.05) and B-PTV (p<0.01) values. In the first molar 
tooth, the MV group showed -2.16 mm distalization, 1.88 mm intrusion and 5.21o distal tipping, while the FC group showed 
-2.42 mm distalization and 1.19o distal tipping. During the consolidation period, 1.13 mm recurrence of distalization was 
observed in the MV group. In the MV group, overjet increased by 2.28 mm and overbite decreased by 1.89 mm. In the FC 
group, the overjet increased by 1.32 mm and the overbite decreased by 0.94 mm. After soft tissue distalization, Lu-E and Li-E 
values decreased by 1.45 mm and 1.01 mm in the MV group and by 1.38 mm and 1.30 mm in the FC group.

Conclusion: In this study, although MV and FC appliances provided a similar amount of distalization in a similar amount of 
time, recurrence was observed in the MV group during the reinforcement period. In addition, loss of anchorage was observed 
more in the MV group. Anchorage loss should be considered in the clinical application of MV and FC appliances.

Keywords: Distalization, veltri, first class
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INTRODUCTION
In the treatment planning of dental class II cases, tooth 
extraction and molar distalization, which are methods of 
gaining space for the elimination of protrusion of the upper 
teeth or dental crowding, have been the subject of debate 
among researchers1-3 for many years.
Gianelly and White4 state that in borderline cases, the decision 
to extract becomes important because permanent tooth 
extraction will affect facial aesthetics. 
Philip5 argued that borderline cases can be successfully treated 
without extraction with the right mechanics at the right time 
in individuals with normal growth and development who do 
not have cooperation problems. 

Distalization of the maxillary posterior teeth is the most 
commonly used non-extraction treatment approach. Headgear 
is the oldest and most common distalization method. However, 
patient cooperation is required. Intraoral fixed distalization 
devices have been developed in cases where patient cooperation 
cannot be achieved. Loss of anchorage during distalization of 
maxillary molars is the biggest disadvantage of these appliances. 
In addition, tipping and rotations occurring in distalized molars 
are also undesirable types of movement.6-16

Keleş,12 reported that they achieved 4.5 mm distalization of the 
upper first molar tooth without distal tipping and extrusion 
movement with the Keleş Slider appliance. It was claimed that 
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the molars moved distally due to the use of thick wire in the 
construction of the appliance and the force passing through 
the level of the center of resistance of the tooth. Fortini et 
al.13,17 obtained bodily and rapid molar distalization with the 
first class (FC) appliance. Küçükkeleş et al.18 suggested that 
loss of anchorage was high during molar distalization with the 
lip bumper supported Veltri appliance, so clinicians should 
pay attention to case selection when using this appliance.

In this study, it was aimed to investigate the clinical efficacy 
of the modified veltri (MV) and FC appliances introduced 
by Baccetti and Franchi,19 to investigate the effect on skeletal, 
soft tissues and dentolaveolar structures in the patients and to 
compare the findings obtained.

METHODS
This study is a doctoral thesis completed before 2020. 
Institutional approval was obtained. All procedures were 
carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

The following characteristics were taken into consideration 
in the selection of the patients:
• ANB <6o 

• Tubercle-tubercle class II molar relationship of bilateral 
upper first molar (U6) and lower first molar (L6),

• Absence of severe space stenosis in the upper and lower jaw 
that would require extraction,

• Normal or retrusive upper and lower incisors in relation to 
the basal bone base,

• Normal or deep closure,

• Perpendicular face dimensions are low or within normal 
limits (SN-Go-Me <37o),

• Having a soft tissue profile that does not require extraction 
treatment,

• Absence of congenital tooth deficiency,

• Chronological age between 12-16 years.

The MV appliance was applied to 20 individuals (11 girls and 
9 boys) and the FC appliance was applied to 20 individuals 
(12 girls and 8 boys). The mean age of the individuals before 
distalization (D1) was 13.64±1.46 in the MV group and 
13.82±1.43 in the FC group.

Construction and Application of Appliances
The MV appliance was prepared and applied based on the 
form developed by Bacetti T. and Franchi L.19 (Figure 1). A 
schedule was prepared for the parents to perform the screw 
twice a week, with 90o opening at each activation. Screw 
activations were continued until a class I molar relationship 
was achieved. The FC appliance was prepared as developed by 
Fortini et al.13 (Figure 2). However, the parents were asked to 
perform the activation of the screws one half turn (180o) at two-
day intervals. Screw activations were performed until a class I 
molar relationship was achieved (Figure 3, 4). After distalization 
(D2), the appliance was removed from the mouth and model and 
lateral cephalometric film records were taken from the patients.

Figure 1. Modified veltri

Figure 2. First class

Figure 3. Modified veltri end of distalization (D2)

Figure 4. First class end of distalization (D2)



48

Oruç et al. Molar distalization appliance Dicle Dent J. 2024;25(2):46-57.

Stabilization Period
Reinforcement appliance was applied after the distalization 
of U6 was completed in the MV and FC patient groups. After 
the reinforcement appliance was applied, the individuals 
participating in the study were observed for three months 
without the application of any appliance (Figure 5). After three 
months, the appliance was removed from the mouth again and 
cephalometric films and plaster model records were obtained 
from both groups in order to monitor spontaneous changes 
(D3).

Lateral Cephalometric Filming and Evaluation
All lateral cephalometric films were taken digitally (Vatech, 
PaX-400C, Korea) in the natural head position at the Oral 
Diagnosis and Radiology Clinic of Dicle University Faculty 
of Dentistry. To ensure standardization in the measurements 
and to monitor the effect of distalization appliances on the 
posterior teeth in the maxilla, marker wires prepared from 
0.5 mm stainless steel wire were fixed in acrylic crowns on the 
right U6 and second premolar (U5) teeth before distalization 
(Figure 6).20 These acrylic marker crowns were temporarily 
placed on the teeth and the first lateral cephalometric film was 
taken (Figure 7). The measurements of the maxillary posterior 
teeth were made on this radiograph (Figure 8). The second 
lateral cephalometric film was taken when the teeth were in 
centric occlusion. Skeletal and soft tissue and incisors and 
lower first molar (L6) values were measured on the second 
lateral cephalometric film (Figure 9-12).

A total of 28 parameters (13 angular and 15 linear) for 
cephalometric evaluation were created using measurements 
from Pancherz,21 McNamara,22 Ricketts23 and Steiner24 analyses 
(Table 1). The Frankfurt horizontal plane (FH), the plane 
passing through the orbital and anatomical porion points, was 
determined as the horizontal reference plane for the analyses. 
Pterygo vertical plane (PTV), the line drawn perpendicular to 
the FH plane from distal to the pterygopalatine fossa, was used 
as the vertical reference plane in the analyses.

Evaluation of Orthodontic Models
In both groups, plaster models were obtained by taking 
impressions from the upper jaws of the individuals before 

distalization (D1), after distalization (D2) and after 
reinforcement (D3). On these plaster models, the tubercle 
crests, anterior palatal raphe and posterior palatal raphe points 
of the U6 teeth were marked with a 0.5 mm pencil. Between 
these marked points, the midline line (MRL) was determined 
as the reference plane. Then, the occlusal surface of the models 
was placed on the glass of the photocopier and photocopies 
of the models were taken.25 Angle measurements were made 
on these photocopies to determine whether there was rotation 
after distalization of the U6 teeth (Figure 13).

Figure 5. End of the reinforcement phase (D3) Figure 6. Sign crowns

Figure 7. Cephalometric radiograph with sign crown
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Figure 11. Anterior and lower posterior dental measurementsFigure 8. Posterior dental measurements

Figure 9. Skeletal angular measurements

Figure 13. Plaster model measurementsFigure 10. Skeletal dimensional measurements

Figure 12. Soft tissue measurements
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Statistical Analysis
Statistical evaluations were performed with the SPSS 10.0.0 
program (Chicago, Illinois, USA). Comparisons were made 
both within and between groups to determine the statistical 
significance of the changes in cephalometric and plaster 
models in the MV and FC groups. For each group, the 
evaluation of the statistical significance of the changes in the 
distalization (D2-D1) and three-month reinforcement period 
(D3-D2) was performed by independent student’s t-test, and 
the significance of the changes in the D2-D1 and D3-D2 
periods of the groups was checked between the groups by 
paired student’s t-test.

RESULTS
Distalization time (D2-D1) lasted an average of 4.29±0.97 
months in the MV group and 4.20±0.86 months in the 
FC group. When the ages and distalization times of the 
individuals with MV and FC appliances were compared by 
independent student’s t-test, no statistical difference was 
found (p>0.05). 

To test the similarity of the groups before distalization (D1), 
skeletal, dental and soft tissue measurements made on lateral 
cephalometric radiographs were compared. In the comparison, 
only the mean OD-FH angle of 3.31o (p<0.05) and the mean 
U5-FH angle of 4.01o (p<0.01) were statistically significantly 
higher in the MV group (Table 2).

Findings of the MV Group 
The cephalometric and model measurements of the MV group 
in the D1, D2 and D3 periods and the statistical comparison of 
the changes after distalization (D2-D1) and after reinforcement 
(D3-D2) are shown in Table 3 and Table 4.

Accordingly, in the evaluation of cephalometric measurements; 

After distalization (D2-D1), there was a statistically significant 
increase (p<0.05, p<0.01) in the mean value of SNB, B-PTV 
(0.64o, 1.73 mm) and a statistically significant decrease 
(p<0.05) in the mean value of ANB, SN-GoMe and FMA (0.8).

After distalization, the mean overjet increased by 2.28 mm 
and the mean overbite decreased by 1.89 mm (p<0.001). After 
consolidation, overjet and overbite decreased by 0.45 mm and 
increased by 0.63 mm, respectively, at a statistically significant 
level (p<0.01).

After distalization, the upper incisors (U1) protruded a 
statistically significant average of 11.71o angular (U1-FH angle) 
and 4.39 mm dimensional (U1-PTV mm) (p<0.001, p<0.01). 
After reinforcement, U1 moved statistically significantly mean, 
angular 4.75o (U1-FH angle) and dimensional (U1-PTV) 1.49 
mm distally (p<0.001, p<0.05). 

After distalization, the upper second premolar (U5) moved 
statistically significantly mean, angular 9.68o (U5-FH angle) 
and dimensionally 4.94 mm (U5-PTV) mesially (p<0.001). 
After consolidation, U5 moved in a statistically significant 
mean, angular 12.12o (U5-FH angle) and dimensional 3.27 
mm distally (p<0.001). After distalization, the U6-FH angle 
decreased by a statistically significant mean of 5.21o and U6 

Table 1. Measurements performed for cephalometric evaluation

SK
EL

ET
EA

L

SNA SNA Angle formed between Sella-Nasion and Nasion-A.

SNB SNB Angle formed between Sella-Nasion and Nasion-B.

ANB ANB Angle formed between points A-N-B.

SN-
GoMe

SN-GoMe Angle formed between the Sella-Nasion and 
the mandibular plane.

FMA FMA Angle formed between the Frankfurt horizontal 
plane and the mandibular plane.

PD-FH PD-FH Angle between the Frankfurt horizontal plane 
and the palatal plane.

OD-FH OD-FH The angle formed between the FH and the 
occlusal plane.

A-PTV A-PTV Length of the perpendicular drawn from point A 
to the PTV plane.

B-PTV B-PTV The length of the perpendicular drawn from point 
B to the PTV plane.

ANS-Me ANS-Me The distance between the spina nasalis anterior 
and the Me points.

D
EN

TA
L

Overjet The horizontal distance between the cutting edges of the 
upper and lower most advanced incisors.

Overbite The vertical bite distance between the incisal edges of the 
upper and lower most advanced incisors.

U1-FH 
angle

The angle formed between the long axis of the upper most 
advanced incisor and the FH plane.

U1-FH 
mm

The perpendicular distance of the incisal edge of the 
upper most advanced incisor to the FH plane.

U1-PTV The perpendicular distance from the incisor edge of the 
upper most incisor to the PTV plane.

U5-FH 
angle

The angle formed between the line through the index wire 
in acrylic crowns placed on the upper second premolar 
and the FH plane.

U5-FH 
mm

The perpendicular distance from the upper second 
premolar marker point to the FH plane.

U5-PTV The perpendicular distance from the upper second 
premolar marker point to the PTV plane.

U6-FH 
angle

The angle formed between the line through the index 
wire in acrylic crowns placed on the upper first premolar 
and the FH plane.

U6-FH 
mm

It is the perpendicular distance from the upper first molar 
marker point to the FH plane.

U6-PTV The perpendicular distance from the upper first molar 
landmark to the PTV plane.

L6-FH 
angle

The angle formed between the FH and the line 
connecting the center of the crown and the furcation 
point of the lower first molar.

L6-PTV The perpendicular distance of the mesial contact point of 
the lower first molar from the plane of the PTV.

L1-FH 
angle

The angle formed between the long axis of the lower most 
advanced incisor and the FH.

L1-PTV The perpendicular distance of the incisal edge of the 
lower most advanced incisor from the plane of the PTV.

SO
FT

 T
IS

SU
EU NLA

The angle formed by the line extending from the vermilion 
border of the upper lip to the subnasal and the tangent 
drawn from the subnasal to the lower border of the nose.

Lu-E Distance between line E and point Ls.

Li-E The distance between the E line and the Li point.
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tilted distally (p<0.01). U6-PTV decreased by a statistically 
significant mean of 2.16 mm, i.e. U6 moved in the distal 
direction (p<0.01). U6-FH mm decreased by a statistically 
significant mean of 1.88 mm, i.e. U6 was intruded (p<0.01). 
After consolidation, U6-PTV increased by a statistically 
significant mean of 1.13 mm, i.e. U6 moved mesially (p<0.05). 
After distalization, the lower incisor (L1) moved forward in 
the sagittal direction by a statistically significant mean of 1.93 
mm (L1-PTV) (p<0.01). After distalization, the upper lip (Lu) 
and lower lip (Li) moved forward in the sagittal direction by 
a statistically significant mean of 1.45 mm (Lu-E) and 1.01 
mm (Li-E), respectively (p<0.001). After reinforcement, Li-E 
increased by a statistically significant mean of 0.40 mm (p<0.05). 

According to the evaluation of model measurements;
After distalization, only the left U6-OHD decreased by a 
statistically significant mean of 3.25o (p<0.05) (Table 4). 

Findings for the FC Group 
The statistical comparison of cephalometric measurements of 
D1, D2 and D3 periods, changes after distalization (D2-D1) 
and changes after reinforcement (D3-D2) in the FC group are 
shown in Table 5. Accordingly; 

After distalization (D2-D1), there was no statistically 
significant difference (p>0.05) in skeletal values in the 
measurements.

After distalization, the mean overjet increased by 1.32 mm 
and the mean overbite decreased by 1.89 mm (p<0.001). After 
consolidation, overjet decreased by a statistically significant 
mean of 0.67 mm (p<0.01).

After distalization, the upper incisors (U1) protruded a 
statistically significant average of 3.49o angular (U1-FH 
angle) and 1.59 mm dimensional (U1-PTV mm) (p<0.05).                       

Table 2. Comparison of cephalometric measurements between MV and FC groups before distalization

Comparison of Baseline 
Measurements Between 

Groups Veltri n=20 First Class n=20 Significance

SK
EL

ET
EA

L

SNA 80.62±3.17 80.94±4.97 -

SNB 76.84±2.65 76.63±3.32 -

ANB 4.05±1.47 4.30±2.08 -

SN-GoMe 30.47±4.16 30.90±4.08 -

FMA 25.77±5.14 23.55±5.52 -

PD-FH 2.93±4.25 0.63±3.85 -

OD- FH 10.42±3.69 7.16±4.81 *

A PTV 49.85±4.65 49.18±4.97 -

B PTV 40.39±5.01 41.15±4.99 -

ANS Me 65.58±5.27 62.16±6.22 -

D
EN

TA
L

Overjet 4.86±1.56 4.11±1.24 -

Overbite 4.16±1.90 3.56±1.09 -

U1-FH angle 100.96±7.66 103.11±7.57 -

U1-FH mm 52.33±4.64 48.99±6.66 -

U1-PTV 50.43±4.51 50.37±5.43 -

U5-FH angle 80.99±5.24 85.79±4.64 **

U5-FH mm 47.44±4.32 45.83±6.28 -

U5-PTV 23.49±3.68 24.68±4.51 -

U6-FH angle 91.88±5.42 88.64±7.30 -

U6-FH mm 45.94±4.39 44.21±5.76 -

U6-PTV 23.76±3.56 23.88±4.80 -

L6-FH angle 67.86±5.34 69.53±3.44 -

A6-PTV 21.14±3.46 23.03±4.77 -

L1-FH angle 57.16±7.09 59.47±6.43 -

L1-PTV 46.56±4.48 46.47±5.51 -

SO
FT

 
TI

SS
U

E NLA 116.68±11.76 112.33±7.76 -

Lu-E -4.69±2.90 -5.16±2.28 -

Li-E -3.61±2.58 -3.95±2.61 -

- p>0.05, * p<0.05, ** p<0.01
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Table 3. Measurements of D1, D2 and D3 periods of the MV group; statistical evaluation of changes after distalization (D2-D1) and reinforcement 
(D3-D2)

Modified 
Veltri
n=20

D1
Mean±SD

D2
Mean±SD

D3
Mean±SD

D2-D1
Mean±SD p D3-D2

Mean±SD p

SK
EL

ET
EA

L

SNA 80.62±3.17 80.53±3.15 80.86±3.23 -0.09±3.34 0.27±1.38

SNB 76.84±2.65 77.49±3.19 76.69±2.70 0.64±1.27 * -0.80±0.90 **

ANB 4.05±1.47 3.35±1.96 3.81±1.88 -0.70±1.30 * 0.46±0.96 *

SN-GoMe 30.47±4.16 29.71±4.47 29.66±4.62 -0.73±1.39 * -0.05±1.06

FMA 25.77±5.14 24.42±5.00 24.27±5.05 -1.35±2.30 * -0.15±1.45

PD-FH 2.93±4.25 2.64±3.62 2.53±3.64 -0.25±1.93 -0.11±1.61

OD-FH 10.42±3.69 9.29±3.87 9.88±3.71 -1.13±3.37 0.59±1.99

A PTV 49.85±4.65 50.04±4.85 51.03±4.43 0.18±2.20 0.99±3.18

B PTV 40.39±5.01 42.12±6.09 41.95±5.18 1.73±2.57 ** -0.17±2.45

ANS Me 65.58±5.27 64.70±5.92 65.34±6.27 -0.87±3.07 0.64±1.23 *

D
EN

TA
L

Overjet 4.86±1.56 7.14±1.99 6.69±1.93 2.28±1.49 *** -0.45±0.67 **

Overbite 4.16±1.90 2.26±2.16 2.89±1.78 -1.89±1.14 *** 0.63±0.91 **

U1-FH angle 100.96±7.66 112.67±11.20 107.91±10.16 11.71±6.83 *** -4.75±3.81 ***

U1-FH mm 52.33±4.64 51.07±5.40 51.12±4.89 -1.25±3.60 0.05±1.79

U1-PTV 50.43±4.51 54.83±5.74 53.34±5.12 4.39±2.91 ** -1.49±2.65 *

U5-FH  angle 80.99±5.24 90.67±7.13 78.55±6.43 9.68±6.95 *** -12.12±7.02 ***

U5-FH mm 47.44±4.32 46.47±5.83 46.31±4.65 -0.97±4.60 -0.15±2.69

U5-PTV 23.49±3.68 28.44±4.78 25.16±3.10 4.94±2.88 *** -3.27±2.98 ***

U6-FH  angle 91.88±5.42 86.67±6.55 87.21±5.45 -5.21±7.85 ** 0.54±6.64

U6-FH mm 45.94±4.39 44.06±4.04 44.56±4.54 -1.88±2.49 ** 0.40±1.14

U6-PTV 23.76±3.56 21.69±3.96 22.73±3.13 -2.16±3.33 ** 1.13±2.43 *

L6-FH  angle 67.86±5.34 67.27±5.22 67.08±4.11 -0.58±5.88 -0.19±6.01

A6-PTV 21.14±3.46 22.55±4.05 23.20±2.92 1.41±3.33 0.65±2.80

L1-FH  angle 57.16±7.09 55.84±5.73 56.12±5.57 -1.32±3.09 0.28±3.01

L1-PTV 46.56±4.48 48.50±5.11 48.64±4.51 1.93±2.30 ** 0.14±1.88

SO
FT

 
TI

SS
U

E

NLA 116.68±11.76 112.58±7.59 113.95±9.39 -4.10±9.70 1.37±5.72

Lu-E -4.69±2.90 -3.24±2.1493 -3.59±2.16 1.45±1.46 *** -0.34±0.83

Li-E -3.61±2.58 -2.60±2.07 -2.20±2.10 1.01±0.98 *** 0.40±0.65 *

* p<0.05, ** p<0.01, *** p<0.001, SD: Standart deviation

Table 4. Model measurements of the MV and FC group for D1, D2 and D3 periods, statistical evaluation of changes after distalization (D2-D1) and 
reinforcement (D3-D2)

Model Measurement of MV and 
FC Groups
Mean±SD

D1 D2 D3 D2-D1 D3-D2

Mean±SD Mean±SD Mean±SD p Mean±SD p

MV
Right U6-OHD 25.02±5.15 22.15±7.13 25.12±8.18 -2.87±6.19 - 2.97±6.63 -

Left U6-OHD 29.75±4.06 26.50±6.22 26.87±6.61 -3.25±4.36 * 0.37±5.07 -

FC
Right U6-OHD 28.47±5.28 33.99±6.25 34.17±6.72 4.52±4.15 *** 1.17±5.25 -

Left U6-OHD 30.72±5.39 33.95±5.39 34.12±3.75 3.22±6.32 * 0.17±2.57 -

-p>0.05, * p<0.05, *** p<0.001, MV: Modified veltri, FC: First class, SD: Stantard deviation
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After reinforcement, U1 moved statistically significantly 
mean, dimensional (U1-PTV) 2.90 mm distally (p<0.05). 

After distalization, U5 moved statistically significantly mean, 
angular 5.19o (U5-FH angle) and dimensional 3.35 mm (U5-
PTV) mesially (p<0.01). After consolidation, U5 moved in a 
statistically significant mean, angular 9.16o (U5-FH angle) and 
dimensional 3.62 mm (U5-PTV) distally (p<0.001).

After distalization, U6-PTV decreased by a statistically 
significant mean of 2.42 mm, IE U6 moved distally (p<0.001). 

After distalization, the upper lip (Lu) and lower lip (Li) moved 
forward in the sagittal direction by a statistically significant mean 
of 1.38 mm (Lu-E) and 1.30 mm (Li-E), respectively (p<0.001, 
p<0.01).

The evaluation of the model measurements is shown in Table 
4, accordingly; 

After distalization, right U6-OHD increased by an average of 
4.52o (p<0.001) and left U6-OHD increased by an average of 
3.22o (p<0.05) at a statistically significant level. 

Comparison of Differences in the D2-D1 and D3-D2 
Periods of MV AND FC Groups
The comparison of cephalometric changes in the MV and FC 
groups in the D2-D1 and D3-D2 periods is shown in Table 6.                                                                                                                                    
Accordingly; After distalization (D2-D1), there was a 
statistically significant difference between the groups in SNB, 
ANB, SN-GoMe angles and B-PTV distances (p<0.05).  After 
consolidation (D3-D2), a statistically significant difference was 
found between the groups in SNA and SNB angles (p<0.05). 
Statistically significant differences were found between the 
groups in overjet distance and U5-FH angle after distalization 
(p<0.05). Statistically significant differences were found between 
the groups in overbite, U1-PTV and A1-PTV distances 
(p<0.01). There was a statistically significant difference between 
the groups in the U1-FH angle (p<0.001). The comparison of 
the model measurements after distalization and reinforcement 
in MV and FC groups is shown in Table 7, according to this; a 
statistically significant (p<0.001) difference was observed in right 
U6-OHDo and left U6-OHDo after distalization.

Table 5. Measurements of D1, D2 and D3 periods, changes after distalization (D2-D1) and after reinforcement (D3-D2) and statistical evaluation of the 
FC group

First Class
n=20

D1
Mean±SD

D2
Mean±SD

D3
Mean±SD

D2-D1
Mean±SD p

D3-D2
Mean±SD p

SK
EL

ET
EA

L

SNA 80.94±4.97 81.08±4.81 81.00±4.04 0.14±1.61 -0.08±2.41

SNB 76.63±3.32 76.48±3.30 76.70±3.07 -0.15±1.18 0.22±1.72

ANB 4.30±2.08 4.59±1.81 4.28±1.67 0.28±1.00 -0.31±1.23

SN-GoMe 30.90±4.08 31.22±4.12 30.91±5.31 0.31±2.39 -0.31±2.07

FMA 23.55±5.52 23.59±5.23 25.16±6.19 -0.04±2.55 1.57±5.19

PD-FH 0.63±3.85 0.07±3.88 1.39±2.93 -0.55±1.94 1.32±4.78

OD- FH 7.16±4.81 7.64±4.78 8.95±5.32 0.47±3.44 1.31±4.30

A PTV 49.18±4.97 49.34±3.61 48.94±3.74 0.16±2.68 -0.60±2.68

B PTV 41.15±4.99 40.76±4.38 39.26±5.48 -0.39±3.22 -1.50±5.09

ANS Me 62.16±6.22 61.12±5.15 61.17±4.96 -1.03±2.48 0.04±1.92

D
EN

TA
L

Overjet 4.11±1.24 5.43±2.25 4.76±1.46 1.32±1.21 *** -0.67±0.97 **

Overbite 3.56±1.09 2.62±1.27 2.62±1.27 -0.94±1.05 *** 0.15±1.47

U1-FH angle 103.11±7.57 106.61±10.64 103.23±9.52 3.49±5.83 * -3.38±8.30

U1-FH mm 48.99±6.66 48.63±5.68 49.70±3.63 -0.35±2.21 1.06±5.90

U1-PTV 50.37±5.43 51.97±5.29 49.07±5.65 1.59±2.97 * -2.90±5.23 *

U5-FH angle 85.79±4.64 90.99±5.20 81.83±8.40 5.19±6.84 ** -9.16±9.66 ***

U5-FH mm 45.83±6.28 46.06±6.19 45.58±3.30 0.23±2.25 -0.48±4.49

U5-PTV 24.68±4.51 28.03±3.53 24.41±4.06 3.35±4.08 ** -3.62±2.62 ***

U6-FH angle 88.64±7.30 87.45±9.90 87.01±8.74 -1.19±8.21 -0.43±7.98

U6-FH mm 44.21±5.76 44.48±5.47 43.73±3.29 0.72±2.03 -0.24±3.56

U6-PTV 23.88±4.80 21.46±4.13 21.76±4.23 -2.42±2.43 *** 0.30±4.12

L6-FH angle 69.53±3.44 67.46±5.82 68.89±4.60 2.07±5.17 1.43±6.92

A6-PTV 23.03±4.77 23.46±4.04 22.58±4.14 0.43±2.81 -0.88±4.13

L1-FH angle 59.47±6.43 58.81±6.34 57.58±6.46 -0.65±2.63 -1.23±6.8

L1-PTV 46.47±5.51 46.06±4.42 45.77±4.73 -0.40±2.89 -0.29±4.27

SO
FT

 
TI

SS
U

EU

NLA 112.33±7.76 108.05±7.97 108.42±9.43 -4.28±10.28 0.37±6.97

Lu-E -5.16±2.28 -3.77±2.41 -3.22±2.29 1.38±1.25 *** 0.55±1.95

Li-E -3.95±2.61 -2.65±2.63 -1.92±2.90 1.30±1.84 ** 0.72±2.51
* p<0.05, ** p<0.01, *** p<0.001, SD: Standart deviation
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DISCUSSION
Molar distalization is a method applied to obtain a Cl I 
molar and canine relationship in the treatment of class 
II malocclusions. For this purpose, many distalization 
appliances have been developed from past to present.6,12,17,20 
Clinicians evaluate the advantages and disadvantages of these 
appliances compared to each other and prefer the mechanics 
that are suitable for each case. There are no studies in the 

literature comparing the effects of Modified Veltri and first 
class appliances. For this purpose, in this study, the effects 
of molar distalization with Modified Veltri and first class 
appliances on skeletal teeth and soft tissues were compared. In the 
cephalometric comparison of the groups at the beginning of the 
study, it was determined that the groups were mostly similar, with 
a difference only in OD-FH and U5-FH angle measurements.

Table 6. Comparison of the findings of distalization (D2-D1) and reinforcement periods (D3-D2) between MV and FC groups

Comparison 
Between 
Groups

D2-D1 D3-D2

MV n=20
Mean±SD

FC n=20
Mean±SD p

MV n=20
Mean±SD

FC n=20
Mean±SD p

SK
EL

ET
EA

L

SNA -0.09±3.34 0.14±1.61 0.27±1.38 0.08±2.41 *

SNB 0.64±1.27 -0.15±1.18 * -0.80±0.90 0.22±1.72 *

ANB -0.70±1.30 0.28±1.00 * 0.46±0.96 -0.31±1.23

SN-GoMe -0.73±1.39 0.31±2.09 * -0.05±1.06 -0.31±2.07

FMA -1.35±2.30 -0.04±2.55 -0.15±1.45 1.57±5.19

PD-FH -0.25±1.93 -0.55±1.94 -0.11±1.61 1.32±4.78

OD-FH -1.13±3.37 0.47±3.44 0.59±1.99 1.31±4.30

A PTV 0.18±2.20 0.16±2.68 0.99±3.18 0.60±2.68

B PTV 1.73±2.57 -0.39±3.22 * -0.17±2.45 -1.50±5.09

ANS Me -0.87±3.07 -1.03±2.48 -0.64±1.23 0.04±1.92

D
EN

TA
L

Overjet 2.28±1.49 1.32±1.21 * -0.45±0.67 -0.67±0.97

Overbite -1.89±1.14 -0.94±1.05 ** 0.63±0.91 0.15±1.47

U1-FH angle 11.71±6.83 3.49±5.83 *** -4.75±3.81 -3.38±8.30

U1-FH mm -1.25±3.60 -0.35±2.21 0.05±1.79 1.06±5.90

U1-PTV 4.39±2.91 1.59±2.97 ** -1.49±2.65 -2.90±5.23

U5-FH  angle 9.68±6.95 5.19±6.84 * -12.12±7.02 -9.16±9.66

U5-FH mm -0.97±4.60 0.23±2.25 -0.15±2.69 -0.48±4.49

U5-PTV 4.94±2.88 3.35±4.08 -3.27±2.98 -3.62±2.62

U6-FH angle -5.21±7.85 -1.19±8.21 0.54±6.64 -0.43±7.98

U6-FH mm -1.88±2.49 0.72±2.03 0.40±1.14 0.24±3.56

U6-PTV -2.16±3.33 -2.42±2.43 1.13±2.43 0.30±4.12

L6-FH  angle -0.58±5.88 -2.07±5.17 -0.19±6.01 1.43±6.92

L6-PTV 1.41±3.33 0.43±2.81 0.65±2.80 -0.88±4.13

L1-FH angle -1.32±3.09 -0.65±2.63 0.28±3.01 -1.23±6.18

L1-PTV 1.93±2.30 -0.40±2.89 ** 0.14±1.88 -0.29±4.27

SO
FT

 
TI

SS
U

EU

NLA -4.10±9.70 -4.28±10.28 1.37±5.72 0.37±6.97

Lu-E 1.45±1.46 1.38±1.25 -0.34±.083 0.55±1.95

Li-E 1.01±0.98 1.30±1.84 0.40±0.65 0.72±2.51
*p<0.05, ** p<0.01, *** p<0.001, MV: Modified veltri, FC: First class, SD: Standart deviation

Table 7. Statistical comparison of model measurements, changes after distalization (D2-D1) and after reinforcement (D3-D2) in MV and FC groups

Model Comparison Between MV and FC 
Groups

D2-D1 D3-D2

MV n=20
Mean±SD

FC n=20
Mean±SD p

MV n=20
Mean±SD

FC n=20
Mean±SD p 

Right U6-OHD -2.87±6.19 4.52±4.15 *** 2.97±6.63 1.17±5.25 -

Left U6-OHD -3.25±4.36 3.22±6.32 *** 0.37±5.07 0.17±2.57 -
-p>0.05, ***:p<0.001, MV: Modified veltri, FC: First class, SD: Standart deviation
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Evaluation of Changes in Skeletal Structure
In the study, the decrease in FMA, SNGoGn angles after 
distalization in the Modified Veltri group indicates that 
the plane of the mandible rotated counterclockwise. The 
counterclockwise displacement of point B due to this 
rotation suggests that it causes differences in SNB, ANB and 
B-PTV values. The fact that the distalized molar tooth also 
intrudes in the vertical direction indicates the possibility of a 
reduction and rotation in the mandibular plane angle. In the 
literature, some researchers.26,27 reported that the upper first 
molar was intruded while distalizing. However, they did not 
make a skeletal evaluation. Haydar et al.28 reported in their 
study that extrusion occurred in the molars with intraoral 
molar distalization, but this did not have an effect on the 
mandibular plane angle. There was no difference in statistical 
values after distalization in the first class group. Fortini et al.17 
reported that 1.22 mm molar extrusion occurred with molar 
distalization but did not cause any sagittal or vertical skeletal 
change. Moschos et al.29 also reported no skeletal change in 
their study. 

The results of our study are compatible with this study. 
However, changes in some skeletal values were observed in 
the studies of some researchers.30,31 It has been interpreted 
that these changes may be due to the upper first molars being 
pushed backwards in the arch. In this study, the fact that dental 
differences were observed only in the sagittal direction in the 
first class group and the upper first molars moved vertically 
only in the Modified Veltri group caused statistical differences 
in skeletal values between the groups. 

In the Modified Veltri appliance group, it was determined that 
the skeletal values that changed due to the movement of the 
upper first molars after distalization recurred to some extent 
after reinforcement (D3-D2). Dental recurrence also caused 
recurrence in skeletal changes. It reinforces the idea that the 
skeletal changes occurred due to dental movements. 

Evaluation of Changes in Dental Structures
In both groups with modified Veltri and first class appliances, 
an increase in overjet distance and a decrease in overbite 
distance were observed due to the protrusion of the incisors 
after distalization. This situation shows the loss of anchorage 
reflected to the incisors with distalization. In many 
studies12,17,18,32 protrusion of the incisors and increases in 
overjet distance are inevitably seen in all intraoral distalization 
mechanics consisting of conventional anchorage units. In this 
study, less protrusion was observed in the first class group 
compared to the modified Veltri group. The large acrylic area 
of the first class appliance suggests that it strengthens the 
anchorage against the distalization force with tissue support 
in the palatinal region. Thus, the reciprocal force transferred 
to the incisors may have decreased compared to the modified 
Veltri appliance. 

When the position of the upper second premolar after 
distalization was evaluated in the modified Veltri group, 
4.94 mm of anchorage was lost compared to 2.16 mm of 
distalization. In the literature, Küçükkeleş et al.18 reported 
that 25%-80% anchorage loss can be seen in their study. In 
our study, anchorage was tried to be increased with the nance 

button added to the Hyrax screw that creates the distalization 
force. However, since the distalization force was close to the 
deepest point of the palate, it created a clockwise moment. 
This moment on the screw may have further increased the 
loss of anchorage. This moment caused the appliance to move 
clockwise in the mouth. The rotation of the appliance caused 
distalization and intrusion of the posterior teeth. This suggests 
that the anchorage should be increased in future studies on this 
appliance. In the study of Küçükkeleş et al.,18 it was reported 
that anchorage loss occurred at 4.17 mm. against 4.17 mm. 
distalization. Therefore, they suggested that anchorage units 
should be increased. In the light of this information; tooth and 
palate tissue supported intraoral distalization mechanics show 
that it is difficult to provide distalization without anchorage 
loss.

In our study, 5.19o mesial tipping and 3.35 mm mesial 
movement of the upper second molar was found in the first 
class group after distalization. Fortini et al.17 found 2.2o mesial 
tipping and 1.7 mm mesial movement of the upper second 
premolars after distalization. Moschos et al.29 reported that 
premolars or deciduous second molars moved mesially with 
a tipping of 1.86 mm and 1.85 degrees. In this study, the fact 
that the activation of the appliance was performed at different 
speeds and the age of the patients was different suggests that 
the presence of second molars may have increased the loss of 
anchorage. 

Since the designs of the anchorage units of the first class and 
Veltri appliances and the point of origin of the distalization 
force are different in both appliances, it may have caused 
different anchorage losses in the supported teeth. In our 
study, in the modified Veltri group, 1.88 mm intrusion and 
2.16 mm molar distalization were achieved with 5.21o distal 
tipping in approximately five months. The fact that the crown 
distalization rate is higher than the root distalization rate 
with this appliance and the moment motion generated in the 
appliance affect the formation of body molar distalization. In 
the study of Küçükkeleş et al.,18 4.61o distal tipping and 1.11 
mm. intrusion movement were reported along with 4.17 mm 
molar distalization amount. The results of our study are 
similar to this study, but less molar distalization was obtained. 

In the model analysis of the modified Veltri group, distobuccal 
rotation was observed in the right and left upper first molars 
after distalization. This rotation is thought to be caused by the 
relationship of the distalization force with the resistance point 
of the upper molar and the moment motion of the appliance. 
More body movement was obtained in the first class group 
compared to the Modified Veltri group. In the model analysis 
of the first class group, it was observed that mesiobuccal 
rotation occurred in the right and left upper first molars after 
distalization. In our study, doubling the activation amount 
of the vestibular screw in the appliance may have created 
a more severe buccal force and therefore may have caused 
mesiobuccal rotation. Itoh et al.33 reported that mesiobuccal 
rotation ranging between 0o-29o occurred in their study with 
magnets.

The MV and FC appliances utilized in the present study 
employed conventional anchorage systems. Nevertheless, 
the anchorage losses observed in the present study could be 
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mitigated through the utilization of the widely utilized mini 
screw-assisted molar distalization appliances. However, 
rotations were observed in maxillary molars.34 No statistically 
significant differences were observed in the magnitude of 
molar distalization, molar distal tipping, or molar intrusion 
among appliances used in distalization, with the anchorage 
being placed in the palate, zygoma, or buccal area.35

In the modified Veltri group, there was an increase in the 
distance of the lower incisors to the reference PTV plane 
after distalization. We think that this increase, which 
occurred without protrusion of the lower incisors, is due to 
the counterclockwise rotation of the mandibular plane angle 
(SN-GoMe) during the distalization period. In our study, in 
both first class and Modified Veltri groups, almost all of the 
anchorage lost during the distalization period was recovered 
spontaneously with the distal movement of the second 
molars and even the second molar was dragged further distal 
than its initial position with the effect of interdental fibrils. 
It was observed that the distalization achieved during the 
stabilization period in the Modified Veltri group was lost by 
1.13 mm and 0.3 mm in the first class group as a result of 
mesial movement. We think that more recurrences occurred 
in the Modified Veltri group due to excessive tipping of the 
upper first molar caused by molar distalization.

Changes in Soft Tissue
In the group with Modified Veltri and first class, it is seen 
that the lips approach the E plane in the sagittal direction due 
to the protrusion of the upper incisors after distalization. It 
suggests that the lower lip position at the end of reinforcement 
approaches to the E plane to some extent with the effect of 
growth. In the upper lip profile change, lip thickness is also 
important as well as the position of the incisors.36 Although 
the amount of overjet was higher in the modified veltri group 
compared to the first class group, no statistically significant 
difference was found when the amount of soft tissue protrusion 
was compared between the groups. 

CONCLUSION
Molar distalization was achieved in a similar time and at a 
similar rate with the modified veltri and first class appliances. 
Anchorage loss was less in the first class group. At the end 
of reinforcement, recurrence was observed similarly in 
the anchored tooth group and molars. The modified Veltri 
appliance was rotated in the mouth. Due to this rotation, 
intrusion movement occurred in the molars. In the clinical 
applications of these appliances, more effective clinical results 
can be achieved if anchorage losses are prevented with skeletal 
support applications.
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ABSTRACT
Clinicians encounter a variety of oral lesions that can originate from various etiologies, such as from infective, idiopathic, 
inflammatory, reactive, and neoplastic changes. Neoplastic changes are rare compared with other affecting conditions, 
however, the oral cavity is one of the areas where tumors and tumor-like lesions most commonly develop and include both 
non-odontogenic and odontogenic lesions. Diseases affecting the oral mucosa are diverse and cover a broad spectrum of 
benign or malignant lesions. To make an accurate diagnosis, a clinician must take a comprehensive clinical history and have 
adequate information about the signs and symptoms, such as location, size, color, and morphology of the oral mucosal lesion. 
This review aims to describe the clinical, radiographic, microscopic, and treatment aspects of benign neoplasms that might 
affect the gingiva and alveolar mucosa.
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INTRODUCTION
The term neoplasia means new growth1 and tend to grow 
independently of adjacent tissues. Neoplasms are often called 
tumors although not all neoplasm are malignant. The clinical 
characteristics of a tumor allow it to be categorized as benign 
or malignant.2

Tumors have two main components:3

1.   Parenchyma consisting of neoplastic cells

2. Supportive, host-derived, non-neoplastic stroma consisting of 
connective tissue and blood vessels, and host-derived inflammatory cells

The biological behavior of the tumor is determined by the 
parenchyma and the tumor is named after this component. 
The stroma serves as support for the growth of parenchymal cells.

COMPARISON OF BENIGN AND MALIGNANT 
TUMOR CHARACTERISTICS4

Benign and malignant tumors vary from each other 
according to their degree of differentiation, growth rate, 
local invasiveness, and metastatic potential. While benign 
tumors are similar to the tissue from which they originate 
and show good differentiation, malignant tumors are poorly 
differentiated or are completely undifferentiated (anaplastic). 
Benign tumors grow slowly, while malignant tumors usually 
grow faster. Benign tumors are well circumscribed and have 
a capsule structure, whereas malignant tumors are poorly 
circumscribed and invade adjacent tissues. While benign 

tumors remain localized at the site of origin, malignant tumors 
are locally invasive and can metastasize to distant sites.

BENIGN NEOPLASMS OF THE GINGIVA AND 
ALVEOLAR MUCOSA5

• Squamous papilloma
• Fibroma
• Giant cell granuloma
• Traumatic neuroma
• Neurofibroma
• Schwannoma
• Leiomyoma
• Hemangioma
• Lymphangioma
• Congenital epulis
• Peripheral odontogenic tumor

• Fibromatosis

Squamous Papilloma
This is a benign, asymptomatic, non-plaque-related gingival 
lesion with exophytic finger-like protrusions (Figure 1), 
thought to be caused by the human papilloma virus, formed by 
the proliferation of stratified squamous epithelium.6 HPV type 
6 and type 11 are associated with squamous papilloma7 and 
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it has also been suggested that this neoplasm can occur due 
to trauma.8 In the intraoral region, it most commonly affects 
the palate, tongue, and lip mucosa.9 Squamous papillomas are 
typically seen in individuals aged 30-50 years, but also reported 
in children under 10 years8,10 and constituting approximately 
8% of oral tumors in children.10 Koilocytes are seen in the 
spinous layer of squamous papillomas and connective tissue 
shows varying degrees of keratinization.11 They can exhibit as 
a pedicled lesion with a cauliflower-like surface.8 They present 
as solitary masses rarely exceeding 5 mm and range from 
white to pink and red in appearance.11

Differential diagnosis includes verruca vulgaris, verruciform 
xanthoma, condyloma acuminatum, giant cell fibroma, 
and squamous cell carcinoma.12 Verruciform xanthoma is 
distinguishable as they are not parakeratinized. Condyloma 
acuminatum is mostly larger than squamous papilloma.11 
Treatment of squamous papilloma usually involves complete 
excision, but there remains the potential for recurrence.6

Fibroma
Fibromas are benign, reactive lesions resulting from 
prolonged irritation in the oral cavity that are often found 
on the buccal mucosa, lips, or along the lateral edges of the 
tongue.13 Clinically, oral fibroma appear as a hard, smooth 
swelling that is similar in color to the surrounding soft tissue14 
(Figure 2). Fibromas have a dome-shaped structure, but can 
be pedunculated.13 Although usually seen in older people, 
fibromas can occur at any age, but rarely affect adults.15

A biopsy should be performed after excision to eliminate 
other possible pathologies. Studies have shown the incidence 
of fibroma to range between 5% and 8.4% compared with 
similar oral pathologies. Conservative excision is preferred as 
a treatment and recurrence is not expected.17 

Giant cell fibroma
First described by Weathers and Calliham in 1974, oral giant 
cell fibroma is a benign tumor characterized by the presence of 
star-shaped and giant multinucleated cells in the subepithelial 
fibrotic connective tissue.18 It constitutes 2-5% of fibrous 
lesions in the oral cavity and idiopathic stimulation might 
have a role in its etiology19, however, there are debates about 
its etiology.20 Giant cell fibroma is generally more common in 
patients under age 30 years and predominant in women.21

Although it is most observed in the gums, the tongue and 
buccal mucosa are the most common sites.22 It is seen as an 
asymptomatic exophytic lesion in the oral cavity, less than 1 cm 
in size, and can have a pedicle21 (Figure 3). Surgical excision is 
the preferred treatment and recurrence is not expected.22

Neurofibroma
Neurofibroma is a benign tumor originating from Schwann 
cells and perineural fibroblasts.23 It is most commonly 
considered a skin lesion, but can also occur as an oral lesion. 
Neurofibroma is most commonly seen intraorally on the 
tongue and buccal mucosa, but studies report neurofibroma 
formation on the lips and gums.24 These neoplasms present 
clinically as solitary or as a component of neurofibromatosis. 
The solitary type, which is more commonly found in younger 
people, appears as slow-growing, soft, painless lesions 
ranging from small nodules to larger masses.25 Although 
neurofibromas can be seen centrally, they are rare. In rare 
cases, it can present in various forms on radiographic findings 
ranging from well-circumscribed to poorly circumscribed and 
with a unilocular or multilocular appearance (Figure 4).26

Histologically, neurofibromas are circumscribed and 
unencapsulated tumors consisting of spindle-shaped cells with 
elongated, thin nuclei and scant cytoplasm, surrounded by a 
collagen matrix located in a myxoid stroma.28 Surgical excision 
is the preferred treatment and recurrence is not expected.25

Figure 1. Squamous papilloma and finger-like protrusions11

Figure 2. Irritation fibroma16

Figure 3. Giant cell fibroma21
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Schwannoma
Schwannoma is a slow-growing, single, encapsulated tumor 
originating from the Schwann cells of the peripheral nerve 
sheath.29 Of all nerve sheath tumors, schwannoma is the 
most common, accounting for approximately 89% of cases30, 
however, its incidence in the oral cavity is rare.31 The regions 
with the highest incidence of schwannoma lesions are the 
tongue, palate, floor of the mouth, buccal mucosa, lips, and 
gums32 (Figure 5). Except for any peripheral, olfactory, and 
ocular cranial nerves containing Schwann cells that form the 
myelin sheath, other cranial nerves or autonomic neurons can 
be responsible for its etiology.29

Approximately 90% of schwannomas are sporadic and 
may develop together with neurofibromatosis type 1 
(NF1), NF2, and schwannomatosis.34 It is more common 
between the ages of 20-50 years and there is no gender 
predominance. Histopathological examination commonly 
shows an encapsulated tumor consisting of two different 
histopathological areas. Antoni a tissue has hypercellular 
spindle cells that palliate eosinophilic areas (verocay bodies) 
and is S100 positive. Antoni B tissue is hypocellular with 
loose connective tissue.30 Schwannoma are generally solitary, 
smooth, mobile, slow-growing, and minimally invasive 
tumors. To eliminate the risk of recurrence, total surgical 
excision is the preferred treatment.30

Leiomyoma
Leiomyoma is a tumor of smooth muscle origin that is 
mostly associated with the gastrointestinal tract, uterus, 
and skin.35 The oral cavity lacks smooth muscles other 
than the blood vessel wall, so its incidence in the mouth 
and maxillofacial region is low.36 Intraoral lesions are most 
commonly found in the lips, tongue, buccal mucosa and 
palate, gingiva, and mandible.36 Leiomyoma is characterized 
by an asymptomatic, slow-growing hard mass with average 
dimensions ranging from 1-2 cm and a history of less than 
one year37 (Figure 6).

Leiomyoma is usually seen in the oral cavity between the ages 
of 30-50 years.36 Histologically, it contains small cells with 
eosinophilic cytoplasm and basophilic nuclei.38 Diagnosis is 
difficult due to its nonspecific clinical appearance, therefore, 
histopathological examination and electron microscopy 
are used for definitive diagnosis. Complete excision is the 
preferred treatment.39

Hemangioma
Hemangiomas are a spectrum of congenital, benign vascular 
tumors recognized in neonates, infants, and children.40 
Occasionally, hemangiomas might not be noticed at birth, 
but presents the first 8 weeks of life.41 There can be a period 
of remission in adulthood.42 These lesions are characterized by 
hyperlocalized proliferation of endothelial cells with a central 
lumen.40 It is especially common in the head and neck regions 
of women. Oral hemangiomas are most commonly seen on 
the lips, buccal mucosa, tongue, and palate.43 

Clinically, oral hemangiomas usually appear as asymptomatic, 
reddish-blue or dark blue, soft, well-circumscribed, lobulated, 
sessile, or pedunculated (Figure 7). The sizes of these lesions 
can range from a few millimeters to a few centimeters.44 

Differential diagnosis is supported by advanced imaging 
methods, such as Doppler ultrasonography or magnetic 
resonance imaging.45 In cases where imaging methods are 
not sufficient, histopathological evaluation is considered 
the most reliable diagnostic method of oral hemangiomas.44 
When intraoral hemangioma lesions were examined by 
ultrasound, all lesions were submucosal, well-circumscribed, 

Figure 4. Neurofibroma on the floor of the mouth27

Figure 5. Schwannoma lesion on the floor of the mouth33

Figure 6. Leiomyoma38
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lobulated, unencapsulated, hypoisoechoic, had hyperechoic 
foci (echogenic septa), and heterogeneous lesion areas were 
detected.46 

Lymphangioma
Lymphangiomas are benign, hamartomatous malformations 
resulting from lymphatic tissue sequestration that is twice as 
common in men than women.47 They are rarely seen in the 
oral cavity and when they do occur, are more common on the 
dorsum of the tongue, followed by the palate, buccal mucosa, 
gums, and lips.48 Superficial lesions consist of raised nodules 
that are pink or yellowish in color (Figure 8). Deeper lesions 
appear as soft, diffuse masses with normal color.49

Lymphangioma is a common cause of macroglossia in 
children, which is associated with swallowing and chewing 
difficulties, speech disorders, airway obstruction, mandibular 
prognathism, and open bite.48 Tasca, Myatt and Beckenham50  
stated in their study that Ludwin’s angina might develop 
depending on the infected base of the tongue lymphangioma. 

Histopathologically, they are divided into three groups: 
capillary, cavernous, and cystic. Marked dilatation of 
lymphatic vessels is evaluated by histopathology. With 
microscopic evaluation; small capillary-sized vessels are seen 
in the capillary type, large dilated lymph channels are present 
in the cavernous type, and large macroscopic cystic spaces are 
seen in the cystic type.51 The cavernous type has the highest 
intraoral incidence.52

It is reported that lymphangiomas are associated with Turner 
syndrome, Noonan syndrome, trisomies, cardiac anomalies, 
fetal hydrops, and fetal alcohol syndrome.53 Surgical excision 
is the preferred method in treatment. Alternatively, radiation 
therapy, cryotherapy, electrocautery, sclerotherapy, steroid 
application, embolization and ligation, Nd-YAG and CO2 laser 
surgery, or radiofrequency tissue ablation techniques can also 
be used.48 Lymphangioma is difficult to completely remove 
due to its unencapsulated structure and infiltrating character, 
which increases the incidence of recurrence. Although large 
lesions in the neck and tongue can result in airway obstruction 
and death, the prognosis is mostly positive for patients.54

Epulis
Epulis is also called congenital granular cell epulis.55 The color 
of these lesions usually resemble the oral mucosa and can be 
pedicled or sessile. Their size can vary between a few mm 
and 1 cm and are more common in female babies (~8-10:1).56 
Although more common in the maxilla than in the mandible, 
epulis occurs in the gingival mucosa of the alveolar crest in 
the anterior region (maxilla:mandibula ratio 3:1).57 While 
most are single lesions, they can occur as multiple lesions in 
approximately 10% of cases.58 Large or multiple lesions can 
cause airway obstruction and difficulty when feeding59 (Figure 9).

Histologically, these lesions have large and round polygonal 
cells, eosinophilic granular cytoplasm, and round or oval 
slightly basophilic nuclei are seen.57 Histopathologically, 
this lesion is similar to granular cell tumors seen in adults 
and is difficult to differentiate using a light microscope.61 
Immunohistochemical staining of S-100 often helps 

Figure 7. Submucosal hemangioma in the right molar region of the buccal 
mucosa45

Figure 8. Blister-like lesions on the tongue47 Figure 9. Epulis60
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distinguish between the two, with granular cell tumor having 
positive staining.61 Babies with airway and digestive tract 
obstruction should undergo surgery as soon as possible after 
birth.62 From histopathological examination, numerous islands 
of proliferative squamous epithelium are observed and are 
clearly separated from the surrounding stroma by a flattened 
cell layer at the periphery.63 Complete surgical excision is 
generally the preferred treatment and is successfully treated 
with local excision.64 Epulis is usually asymptomatic and is 
detected by routine radiographic examinations or when tooth 
eruption is delayed.65

Fibromatosis
Fibromatosis is a benign lesion characterized by slowly 
progressing localized and generalized fibrous growth of 
the gingiva that does not exceed the mucogingival border. 
Fibromatosis could be hereditary, syndrome-related, drug-
related, or due to inflammation.66 It can be attributed to 
various etiological factors, such as poor oral hygiene, plaque 
accumulation, malabsorption, hormonal stimulation, various 
blood dyscrasias, or long-term use of certain drugs, such 
as phenytoin, nifedipine, or cyclosporine.67 The hereditary 
type is an autosomal dominant condition with high genetic 
heterogeneity.68 Hereditary gingival fibromatosis can 
be idiopathic or associated with other syndromes, such 
as Zimmermann–Laband syndrome or hypertrichosis; 
juvenile hyaline fibromatosis; Rutherfurd, Jones, and Ramon 
syndrome; and tuberous sclerosis.69,70 Fibromatosis affects 
1:175,000 people and there is no gender predominance.70 
Connective tissue defects due to gene mutations play a role in 
the pathogenesis of the disease.71 Sex hormones and epidermal 
growth factor also play a role in the abnormal proliferation of 
gingival fibers.72

Fibromatosis appears asymptomatic and non-hemorrhagic, 
with a firm consistency and normal gingival color. Gingival 
enlargement can be either generalized or localized. It is 
usually observed as an idiopathic gingival fibromatosis type 
generalized lesion. Idiopathic gingival fibromatosis involves 
overgrowth of all parts of the gingiva on both the maxilla and 
the mandible (Figure 10).

Fibromatosis can cause functional and aesthetic problems.66 
Gum overgrowth is a large hard, flexible and dense fibrous 
tissue that expands over the teeth. It can cause negative 
aesthetic and psychological effects on patients by causing 
malocclusion; delayed eruption of permanent teeth; and 
speech, articulation, and chewing disorders.73  Periodontal 
disease develops in fibromatosis patients.74 The clinical and 
histological features of non-syndromic and syndromic gingival 
fibromatosis are similar.75 

Treatment methods such as electrocautery-laser are used, but 
the most effective treatment is conventional gingivectomy.74 
Good oral hygiene should be maintained to reduce recurrence. 
However, genetic predisposition might also be a reasons for 
recurrence, therefore, even with good oral hygiene, the long-
term treatment effects are unpredictable.69

CONCLUSION
The oral cavity is an area that is often inadequately examined 
in general practice. Oral lesions are relatively common 
conditions, but clinicians can find it difficult to distinguish 
benign from malignant lesions. Increased knowledge of 
common symptoms of oral lesions could increase the 
practitioner’s confidence in performing oral examinations 
and managing any identified pathology. More importantly, 
physicians should keep in mind the red flags in oral pathology 
that could indicate malignancy.
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ABSTRACT
Dental implant surgery in the maxillary posterior region with insufficient alveolar bone height can be performed in one or two 
stages, depending on the amount of residual bone. Anatomical structures in the area where the procedure will be performed 
increase surgical sensitivity, and failure to make the necessary preparations may lead to various complications. During dental 
implant surgical procedures, various complications may be encountered in the relevant area. A 56-year-old male patient 
applied to our clinic with the complaint of severe and persistent pain. With panoramic and cone beam computed tomography 
evaluation, it was determined that the apical parts of the last two implants were in the sinus. After obtaining consent, two 
adjacent implants were explanted within the same session on the planned day, and the procedure area was closed with buccal 
fat tissue obtained from the patient and autologous platelet-rich fibrin.
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INTRODUCTION
Dental implants are increasingly used in the oral rehabilitation 
of partially and completely edentulous areas.1 This method 
is preferred by many physicians over traditional fixed or 
removable partial dentures because its functionality and 
aesthetics are similar to natural teeth.2-4 However, in these 
procedures, it is necessary to pay attention to the anatomical 
structures during the application and if there is a pathological 
condition, it is necessary to postpone the procedure or turn 
to a different option. Preliminary evaluation of the remaining 
alveolar bone height and sinus during implant placement in 
the upper jaw posterior edentulous area is very important 
for the success and prognosis of the surgical procedure. The 
presence of a pathological kondüitin in the area may result in 
acute infection, pain-fever-swelling-discharge, and failure of 
implant surgery. In the presence of chronic sinusitis, surgical 
procedures may cause the chronic process to turn into an 
acute painful form. If any pathology is detected in the patient’s 
history or imaging during the evaluation of the sinus, ear, 
nose and throat consultation is required. Our aim in this case 
report is to present the management of the surgical field by 
removing the factors that cause maxillary sinus-related pain 
from the area. The only solution in treatment management is 
to carefully remove the source of pain from the area and use 
safe antibiotics.

CASE
A 56-year-old male patient applied to Kırıkkale University 
Faculty of Dentistry Periodontics Clinic with the complaint of 
persistent pain in the left maxillary sinus area (Figure 1).

According to the anamnesis, it was learned that the patient had 
no systemic disease, had a history of maxillary sinusitis, and 
had a dental implant procedure 4 months ago. When intraoral 
examination was performed, there was no redness around the 
implants, no bleeding on probing, no pus formation, and no 
deep probing depth was observed. With panoramic (Figure 1) 

Figure 1. Panoramic image of the patient
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and CBCT evaluation, it was determined that the apical part 
of the last two implants was located in the maxillary sinus 
and there was a thickening of the Scheneiderian membrane. 
Based on the patient’s complaints and radiographic evaluation, 
the ear, nose and throat clinic was consulted. It was decided 
to remove the implants located in the area of   teeth 26 and 27. 
The patient was informed about the procedure. 1 day before 
the procedure, once a day Ceftinex 600 mg (PharmaVision 
Industry and Tic. Inc., İstanbul, Turkiye) twice a day, Kloroben 
1.5 mg/ml+1.2 mg/ml mouthwash (Drogsan Pharmaceutical 
Industry. and Tic. Inc., Ankara, Turkiye) and Bi-profenid 100 
mg (Sanofi Pharmaceutical Industry. and Tic. Inc., Kırklareli, 
Turkiye) was started 1 hour before the procedure.

Following routine surgical preparations, an envelope flap was 
created to provide a comfortable field of view. Bone tissue 
was removed around both implants under serum cooling 
with rond drills and trephane drills, respectively. The released 
implants were removed without any problems by moving 
them counterclockwise towards the oral cavity (Figure 2). 
The cavity was evaluated. Granulation tissues were cleaned 
and irrigation was performed with physiological saline and 
rifampicin (Figure 3).

After the irrigation process, a 1 cm horizontal incision 
was made on the mucosa at the level of the 2nd molar tooth 

to reach the cheek fat tissue. The buccinator muscle was 
passed and the buccal fat tissue was reached. The liberated 
fat tissue was excised and placed in the sockets of the 
resulting implants (Figure 4).

In addition, the membrane obtained from 2 tubes of 
autologous PRF obtained from the patient was covered over 
the fat tissue. Both incision lines were closed primarily using 
4.0 silk suture (Figure 5). Precautions and recommendations 
after the procedure were explained. Ceftinex 600 mg once 
a day (PharmaVision Industry and Tic. Inc., İstanbul, 
Turkiye), Kloroben1 1.5 mg/ml+1.2 mg/ml mouthwash twice 
a day (Drogsan Pharmaceuticals Industry. and Tic. Inc., 
Ankara, Turkiye), Bi-profenid 100 mg twice a day (Sanofi 
Pharmaceutical Industry. and Tic. Inc., Kırklareli, Turkiye), 
Aerius 5 mg once a day (Sanofi Pharmaceutical Industry. 
and Tic. Inc., Kırklareli, Turkiye), Otrivine care 1 mg/1 ml 
(Zentiva Health Products Industry and Trade Inc., Kırklareli, 
Turkiye) was prescribed twice a day. Cold application was 
recommended on the day of the procedure and the day after. A 
follow-up appointment was made for 14 days later.Figure 2. Removing implants

Figure 3. Checking the defect

Figure 4. Transfer and adaptation of buccal fat tissue to the cavity

Figure 5. Closing the incision line with 4.0 silk suture

After the procedure, a periapical image was taken from the 
relevant area (Figure 6).
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During the postoperative follow-up, recovery was uneventful. 
The patient reported pain in the upper left cheek area for the 
first day and swelling that started the next day. The stitches 
were removed on the 14th day after surgery. At a one-month 
follow-up, it was observed that the pain was gone and the 
closure of the wound areas was in proper form. After the 
surgery, the patient was successfully followed for 3 months 
and no problems were observed.

DISCUSSION
Maxillary sinusitis is a common and important complication 
after dental implant surgery. A review of the literature revealed 
numerous case reports. In this case report, the procedure and 
recovery process applied to a patient who applied to the clinic 
with the complaint of sinus pain, which partially decreased 
during use and then increased again, although he used 
different types of antibiotics and painkillers many times after 
the procedure, was reported.

Factors affecting maxillary sinus pneumatization and alveolar 
bone resorption include prosthetic rehabilitation, causes 
of tooth loss, and muscle activities.5 During the edentulous 
period, the amount of remaining bone decreases due to 
these factors. Dental implants planned for the area can be 
placed in one or two stages by elevating the sinus floor. For 
an appropriate treatment, it is important to carefully evaluate 
the sinus characteristics. Sinus physiology is affected by the 
variable anatomy of the sinus floor and conditions such as 
extension and perforation of the elevated membrane. 

Additionally, postoperative hematoma and swelling may play a 
key role in the development of sinusitis by leading to decreased 
osteomeatal patency.6 In patients with chronic maxillary 
sinusitis, changes in the physiology of the chronically infected 
sinus due to damage to the Scheneiderian membrane during 
the procedure may cause acute sinusitis in the post-procedure 
period.6 10% of sinusitis cases are odontogenic in etiology, this 
rate increases to 40% in different reports. Common causes of 
odontogenic sinusitis vary; These include inflammatory cysts, 
odontogenic cysts, peri-implantitis and foreign bodies. Studies 
show that although the majority of odontogenic sinusitis 
sources are dental-related, an increasing number of cases tend 
to be caused by dental implants and augmentation procedures.

In a retrospective study (including 480 patients), implant-
related etiology was reported to be 30%.7 In our study, implant-
related sinusitis was present, and when we evaluated different 
studies, removal was indicated.8  It is recommended to use a 
Bichat fat pad as a large defect will appear after the removal of 
the implants, the vitality of the hard tissue will be impaired and 
the possibility of oro-antral fistula development is high.9  In 
this case, the existing gaps were closed with Bichat fat pad and 
autologous PRF. In cases where chronic symptoms are present 
in the sinus, removal of the implant and use of Bichat fat pad 
or palatal flap shifting techniques to prevent oroantral fistula 
development may increase success in long-term follow-up after 
the procedure. Even though the features of dental implants 
improve, complications are inevitable. Today, the relationship 
between dental implants and sinusitis needs to be understood 
and taken into consideration. The SCDDT treatment protocol 
recommended for sinusitis-related implants is compatible 
with our study.10 Effective treatment must be applied in a way 
that does not cause or cause inflammation in patients.

CONCLUSION
In this article, we present the 6-month follow-up of the 
patient who was treated by removing the implants and 
closing the gap with buccal fat tissue and autologous PRF 
as a result of persistent pain after surgery. In the presence of 
an inflammatory condition in the maxillary sinus, it may be 
necessary to pre-evaluate the area in detail before surgery, 
suppress the inflammation, or plan different dental procedures 
by protecting the area.
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