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CONCENTRATE IN THE TREATMENT
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ABSTRACT

INTRODUCTION: Mandibular cystic defects healing is a complex process. Various methods have been developed to shorten the bone
regeneration time and to improve its quality. Autogenous grafting is the gold standard for filling the cystic defects due to the osteogenesis
property provided by the viable cells but is related with donor site morbidity. Allografts and Xenografts are used for the same purpose.
However, the increased cost is their main disadvantage. Bone marrow aspirate concentrate is now used to enhance the healing and
regeneration process in many areas of the body with no morbidity and low cost.

OBJECTIVE: To evaluate the effect of bone marrow aspirate concentrate in the treatment of mandibular cystic defects in comparison
to the spontaneous healing using clinical and radiographic parameters.

MATERIALS AND METHODS: 16 patients having mandibular radiolucency’s diagnosed by aspiration biopsy were divided equally
into two groups. Group A included patients whom treated by enucleation and filling the defect by bone marrow aspirate concentrate on a
collagen sponge, and group B included those treated conventionally. Clinical follow up was conducted, with a radiographic examination
that was performed immediately post-operative and after 3 and 6 months to estimate the mean bone density and the reduction in the
defect volume.

RESULTS: The study was conducted on 16 patients with male to female ratio of X and average age of X. The intergroup comparison of
bone density was insignificant across the follow-up period. The defect’s volume analysis showed a significant difference in the reduction
between the two groups across the follow-up period. The volume reduction difference between the two groups was statistically significant
(P=0.002).

CONCLUSION: The use of bone marrow aspirate concentrate in mandibular defects is a safe and minimally invasive procedure to
enhance bone healing for better healing of the defect and improvement in bone density. The operation showed adequate clinical and
radiographic performance.
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INTRODUCTION

Bone healing is a dynamic cellular process including both
bone matrix formation and mineral deposition. Although
the process of healing cystic defects is usually of a good
prognosis, the insurance of adequate shape and function
regain is of major importance to allow for prosthesis
rehabilitation (1). Cysts and cystic lesions of the mandible
are mainly odontogenic and benign in behavior. Usually,
the diagnosis of these cysts requires a combination of
clinical, radiographic, and microscopic examination.
However, most of these lesions cause bone loss which
starts to heal after the lesion removal(2).
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Bone healing passes through three main stages;
inflammatory, repair, and late remodeling stages. This
process may continue for a whole year until about 43% of
the defect is filled with bone with a 48% increase in the
density of bone (3). In order to promote bone healing and
growth, bone grafts are used frequently. Autogenous
grafting is the gold standard of bone grafting providing all
of the components of the bone regeneration triad;
osteoconduction, osteoinduction, and osteogenesis. The
presence of possible donor site morbidity in addition to
pain, discomfort, and the increased operation time and
cost lead to the increased use of other alternatives (4).
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Allografts and xenografts are common substitutes for
autogenous grafting but the high cost and the possible risk
of infection in addition to the variability of results are
major disadvantages of these methods. Synthetic bone
grafts also are a great scaffold for healing and
regeneration, osteoconduction, but they provide no
osteoinduction or osteogenesis properties due to the
absence of growth factors and viable cells (5). Recently
the use of bone marrow aspirate is implemented in the
treatment of various conditions such as arthritis, bone
fractures, and maxillary sinus augmentation (6, 7).

The importance of bone marrow aspirate is due to the high
prevalence of bone progenitor cells which can
differentiate into several other types of cells according to
the implanted tissue (8). Bone marrow aspiration is a
minimally invasive procedure, approved by the FDA
regulations, that can be done under local or general
anesthesia. It has a minimal risk of infection after its
application at the defect size (4, 9). Bone marrow is
commonly aspirated from the posterior iliac spine as it has
the highest count of mesenchymal cells. Other sites of
bone marrow aspiration include the anterior iliac crest and
the tibia (6).

Many studies have been done to develop a concentration
of the bone marrow stem cells- from the aspirate
eliminating other bone marrow cells such as; red blood
cells, granulocytes, immature myeloid precursors, and
platelets. The processes of Bone Marrow Aspirate
Concentrate (BMAC) sieving is performed after density
gradient centrifugation of the aspirated marrow, leaving
the progenitor cells. Despite BMAC consisting of a small
population of progenitor stem cells (0.01-0.001%), the
presence of many important growth factors as platelet-
derived growth factor, transforming growth factor B bone
morphogenic proteins 2 and 7 is high makes it an
exemplary reconstructive option (10, 11).

Some pain relief may be also achieved due to the presence
of an accountable concentration of Interleukin-1 Receptor
Antagonist (IL-1RA). It inhibits interleukin-1 catabolism
and thus accounts for some pain control through the
BMAC approach ) (6). Many studies have used the
collagen sponge as a biomaterial in a gel or a sponge form
for cellular growth or the delivery of growth factors. The
collagen sponge will act as a carrier for the BMAC cells
and the growth factors. The collagen sponge has proven to
give significant results when used to fill the bony defect
(12, 13).

Hence, this study aims to evaluate the clinical and
radiographic performance of the BMAC on the healing
and regeneration process of the mandibular defects when
applied on a collagen sponge scaffold. The null hypothesis
is that there is no significant difference in the healing
clinically and radiographically between the cases treated
by BMAC and the conventionally treated cases.
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MATERIAL AND METHODS

This study was a randomized clinical trial with a 1:1
allocation ratio.
It will be set up and reported according to the CONSORT
guidelines (http://www.consort-statement.org). Sample
size was estimated based on assuming a 5% alpha error
and 80% study power. The sample size was calculated to
be 8 patients per group with regards to patients lost to
follow-up (14). The study enrolled patients were divided
equally into group | and group II. Group | was managed
with enucleation and BMAC application on a carrier

collagen - sponge scaffold. Group 1l was treated
conventionally with the addition of collagen scaffold
without any additives.

The criteria for patients’ selection were set as adult
patients below, 40 years, with no gender predilection that
agreed to present for follow-up visits for a minimum
postoperative period of 6 months with medium-sized
cystic defect width of 3-6 cm that requires removal under
general anesthesia (1, 3). Medically compromised
patients contradicting operation, previously enucleated
lesions, or patients with previous surgery were excluded,
along with those with infection to the pelvis affecting the
anterior iliac crest (1, 3).

Materials:

Jamshedji bone marrow aspiration needle was used to
collect bone marrow with a 13 Gauge (GEOTEK
Healthcare Products. Turkey)(Figure 1)(1). Collagen
sponge was used as a scaffold for patients in both groups
(Collacone® Natural collagen cone by botiss dental.
Germaney)(12). Finally; a Centrifugation machine with
220V and 800D was used for the BMAC preparation
(Renhotec Group. China)(1).

Methods

I. Preoperative assessment.

Full personal data of the included patients were obtained
along with their chief complaint. A throughout clinical
examination was performed along with the aspiration of
the related lesion for preliminary confirmation of the
nature of the disease (15, 16). Cone Beam Computed
Tomography (CBCT) scan was obtained Preoperatively
for the examination of the extension, size, width, and
appearance of the lesion (Figure 2). An examination of the
groin area was performed to assess any locations of
musculoskeletal pain, limitation of motion, or any mass
located in this area.

Il. Surgical procedure.

Cyst enucleation

Important laboratory investigations are done to check the
patient's fitness for operation under general anesthesia by
the anesthesiologist. Surgical operations are done under
general anesthesia using nasotracheal intubation. The
surgical field will be scrubbed with povidone-iodine
(Purdue Products L.P) surgical scrub solution, followed
by draping of the patient with sterile towels exposing only
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the area of surgery and aspiration. After that, injection of a
vasoconstrictor agent was performed at the operating
field. The Lesion was exposed via a mucoperiosteal flap,
followed by flap elevation and cortectomy to expose the
full outline of the lesion. This is Followed by cystic lining
separation from the underlying bony margins and full
lesion enucleation. Hemostasis is then achieved and, if
required, apicectomy and retrograde filling of the related
teeth is performed (Figure 3).

Bone Marrow Aspiration

The iliac crest is palpated and the location of the iliac
tubercle is located, 5-6 c¢cm posterior to the anterior
superior iliac spine. The mid-point of the iliac tubercle is
identified, and the needle is advanced between the outer
and inner plates of the ileum for 4-6 cm into the
cancellous bone. A 10 ml of bone marrow is aspirated (9,
17) (Figure 4).

Bone Marrow Aspiration Concentrate Preparation
A dual centrifugation technique is used for BMAC
preparation. Primary centrifugation of the aspirated
marrow at 2400 rpm for 10 minutes was performed, then
the formed buffy coat layer is extracted by pipet. A second
centrifugation of the buffy coat at 3400 rpm for 6 minutes
was performed and the resultant liquid pellet was extracted
by pipette (10). The BMAC, in the form of a liquid pellet,
was soaked in the carrier scaffold and applied to the
mandibular defect (13). The scaffold carrying the BMAC
was applied to the mandibular defect and closure of the
surgical wound was performed (Figure 5).

I11. Early postoperative care:

Al patients were instructed to apply ice pack extra-orally
starting immediately postoperatively for 12 hours(3).
Postoperative antibiotic (Augmentin: Amoxicillin 875
mg + Clavulanic acid 125 mg: GlaxoSmithKline, UK)
was prescribed twice daily for the next 5 days. An anti-
edematous (o-chemo-trypsin: Leurquin France) was
prescribed once daily for 5 days along with an anti-
inflammatory drug (Cataflam: Diclofenac Potassium
50mg: Novartis-Switzerland) 50mg every eight hours
for 5 days. All patients will be instructed to rinse their
mouth using chlorhexidine (Hexitol: Arabic drug
company, ADCO) antiseptic mouthwash. Instruction of
soft, fluid, high protein, high-calorie diet will be given for
all patients for 4 weeks postoperatively.

IV. Clinical follow-up phase:

A thorough follow-up was performed after 24 hours, one
week, four weeks, and six weeks for the assessment of
postoperative pain using a 10-point Visual Analogue
Scale (VAS), and wound healing, based on the Landry
et al Healing Index (18).

V. Radiographic evaluation

An immediate postoperative CBCT was obtained,
followed by another one taken after 3 and 6 months
postoperatively. A Region of Interest (ROI) feature was
used to estimate the mean bone density in the acquired
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scans according to Noureldin and Melek (2020)(19). The
mean bone density in the 6 month CBCT-scan was
compared with the 3 months and the immediate
postoperative scans and the mean difference between the
scans was calculated. The percentage of improvement in
the recorded bone density was calculated.

V1. Defect Volume evaluation.

The defect Volume was calculated in each of the recorded
scans. The outline of the defect was segmented in a
thresholding software in each of the obtained CBCT scans
(Materialise -Mimics 3D Medical Image Processing
Software). The segmented 3D object is transformed in an
STL format into specialized software for the automatic
calculation of the volume of the segmented STL object
and compared with the immediate postoperative scan in
order to determine the degree of defect healing (20).

VII. Statistical Analysis.

Normality of data was checked using Shapiro Wilk
test and Q-Q plots. Age, bone volume, and bone
surface area were normally distributed and presented
mainly using mean and standard deviation. VAS,
wound healing score, bone density, percent change in
bone density, volume, and surface area were non-
normally distributed and presented mainly using
median, interquartile range, minimum and maximum.
Comparison between groups regarding bone volume
was done using independent t-test t each time point
while Repeated measures ANOVA was employed for
within-group comparisons. VAS, wound healing,
bone density, and percent change were compared
using Mann Whitney U test and Friedman test was
applied for within groups comparison followed by
post hoc test with Bonferroni correction. All tests
were two tailed and significance level was set at
<0.05. Data were analyzed using IBM SPSS version
23, Armonk, NY, USA

RESULTS

This study was conducted on two groups each
consisting of eight patients diagnosed with
mandibular cysts. The average reported age in the
study was 28.94 with a slight female predominance
and male-to-female ratio of 1:1.66. The site
prevalence showed a posterior predilection of the
mandibular cysts. All cases were positive upon fluid
aspiration. Histopathological examination after cyst
enucleation revealed that 81.25 % of this study cases
were radicular cysts, 12.5% were dentigerous cysts and
6.75% were lateral periodontal cysts. The demographic
data of the study are presented in Table 1.

Clinical follow-up data:

VAS score was utilized for postoperative pain
assessment and in both groups, the patients reported a
statistically significant improvement in the reported
VAS score across the follow-up period (P<0.0001).
The inter-group comparison at each follow-up period
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was statistically Insignificant (P= 0.328, 0.645, 1.00,
and 1.00).

Regarding the wound healing assessment, the
improvement in the Landry index was statistically
significant Across the follow-up period in both
groups (group | P<0.0001, group Il P<0.0001). One
case in group | suffered from postoperative wound
dehiscence, which affected the reported score in
group I. This case was managed with wound
debridement and irrigation, and the case showed
improvement with total wound closure in the third
postoperative period (Table 2).

Radiographic data analysis:

Improvement in defect bone density was assessed in
this study and showed a statistically significant
Improvement in the defect’s bone density across the
follow-up period (P <0.0001). The calculated
improvement in the six months scan from the
immediate one was 1149.07 % for group | and
1634.55 % for group Il. The improvement difference
between the two groups was statistically insignificant
(P=0.462) (Table 3,4).

Defect Volume evaluation.

Defect’s bone volume calculation was done to allow
for estimation of the bone formed quantity. the
reduction in defect’s bone volume across the follow-
up period was statistically significant (P <0.0001) for
group | and (P= 0.015). The calculated volume
reduction percent in the three months scan from the
immediate one was 51.38% for group | and 30.96%
for group Il. The volume reduction difference in the
first three months between the two groups was
statistically insignificant (P= 0.529). The bone
volume reduction percent in the six months scan from
the immediate one was 84.17% for group | and
42.95% for group 1. The volume reduction difference
between the two groups was statistically significant
(P=0.002). (Table 5,6) (Figure 6).

Figure 1: Jamshedji bone marrow aspiration needle for
the collection of bone marrow.
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Figure 2: Preoperative radiographic examination

Figure 3 : complete enuqle;ation of the cyst lining

A ‘ 4
Figure 4 : (A) Examination of the donor site
(B) Process of bone marrow harvesting
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A

Figure 5 : (A) Buffy coat layer after primary
centrifugation

(B) Liquid pellet after the second centrifugation

(C) The application of the collagen sponge soaked
with the BMAC

D) Cystic defect with ’thfe collagen sponge scaffold

% A;'f C

B D

Figure 6 : (A) Segmented defect with the mandible,
immediate post-operatively

(B) Segmented defect, immediate post-operatively
(C) Segmented defect with the mandible, after 6
months

(D) Segmented defect, after 6 months
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Table 1: Demographic variables and characteristics

of the study g

roups

Group |
(n=8)

Group 11
(n=8)

P value

Age: Mean (SD)

29.25
(7.34)

28.63 (4.60)

0.841

Gender:

Males

4 (50%)

3 (37.5%)

n (%)

Females

4 (50%)

5 (62.55)

1.00

Site:

Anterior

5 (62.5%)

5 (62.5%)

1.00

n (%)

Posterior

3 (37.5%)

3 (37.5%)

Dentigerous

1 (12.5%)

1 (12.5%)

Histopatho
logy: n (%)

Lateral
periodontal

0 (0%)

1 (12.5%)

Radicular

7 (87.5%)

6 (75%)

Aspiration:

Positive

8 (100%)

8 (100%)

n (%)

Negative

Table 2: Percent change in bone density between the

study groups

(n=8)

Group 11
(n=8)

P value

mmediate —

574.79
(912.21)

932.84
(859.39)

40.97 -
2700.00

11.70 -
2250.00

0.529

1149.07
(1663.86)

1634.55
(1443.76)

234.72 -
5100.00

61.70 —
3761.54

Table 3: Percent change in bone volume between the

study groups
Group | Group 11
(n=8F; (nzg) P value
Immediate Mean -51.38 (4.79) -30.96
3 (SD) (30.41) 0.248
months | Min— -59.38 — - 7373 - : |
Max 44.55 0.67
Mean -84.17 (6.70) -42.95 |
Immediate | (SD) (26.98) 0.002*
- 6 months | Min - -90.98 — - -81.02 —-
I Max 73.58 1459 I
l *Statistically significant at p value<0.05 ]

DISCUSSION

Bone regeneration in cystic defects has always been a
point of research to compare between spontaneous natural
healing and the use of different grafting methods or bone-
inducing material. In this study, BMAC was added to the
mandibular cystic defects by the means of a collagen
sponge as a scaffold to observe clinically and
radiographically whether it will enhance the regeneration
process or not.

The average age of the patients in this study was
found to be 28.94 years with a strong predominance
of radicular cysts over other types of cysts. Johnson et
al (2014)(21) conducted a systematic review of the
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literature from 1993 to 2011 over 26 papers from 19
different countries, including Egypt, with a total
number of 18,297 cyst cases. Their study found that
in all countries radicular cysts predominate with a
percentage ranging from 38.8% to 84.5%. El Gehani
et al (2008)(22) conducted a study to assess the
prevalence of odontogenic cysts and found that the
average age of cyst cases was 30.16 years with most
of the cases occurring in the third and fourth decades.
Again, radicular cysts were the most prevalent type of
odontogenic cysts. The outcome in both of the
abovementioned studies is consistent with the
demographic data found in this study. The average
age may be related to the predominance of radicular
cysts over other types of cysts. Radicular cysts are
mostly discovered in the third decade of life as a
result of the inoculation of dental bacterial infection
to the surrounding perialveolar bone after progression
of caries and pulp death procedure from permanent
teeth.

In this study, most of the cases occurred in the
anterior mandible rather than in the posterior region.
This revelation is in contrast with that declared by El
Gehani et al (2008), who stated a posterior mandible
predominance. Meanwhile, Jones et al (2006)(23)
found that mandibular cysts occurrence between the
anterior and posterior regions is almost equal. This
difference may be referred to the random allocation of
cases in the outclinic.

Postoperative pain-analysis was performed using the
VAS score, which in both groups showed a
statistically significant decline across the clinical
follow-up period. A similar outcome was reported by
Noureldin and Melek (2020)(19) and Ibrahim et al
(2016)(24). In this study, the recorded pain reached
zero level in the third postoperative period, after one
month. Noureldin and Melek (2020) reported a higher
VAS score in the first follow-up setting than that
reported in this study. The lower score after 24 hours
may be related to the use of the collagen sponge in
the two groups of the study, which has a hemostatic
effect and helps in the initial blood clot stabilization
allowing better soft tissue healing —and less
inflammatory reaction. VAS score after one week is
higher than mentioned studies, this may be dedicated
to larger cyst sizes included in this study when
compared to the mentioned studies and other ones.
The Landry et al (1988) healing index was utilized in
this study for the evaluation of postoperative wound
healing. In both groups, the calculated score showed
statistically significant improvement across the
follow-up period. Aggarwal et al (2021)(25)
conducted a study for the evaluation of postoperative
wound healing in a periodontal surgery with the
Landry et al (1988) wound healing index. They
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reported a similar outcome as in this study. In this
study, the study group reported a lower mean score of
wound healing when compared to the control group.
This is a self-evident observation based on the fact
that one case in the study group suffered from
postoperative wound dehiscence most probably due to
the action of the mentalis muscle as the cyst was
located anteriorly and the patient not following the
instruction regarding the chin taping. To our
knowledge, this is the first study to report the use of
Landry et al score to evaluate postoperative wound
healing after cyst enucleation.

As a basic element of radiographic assessment, bone
density was observed using Cone Beam Computed
Tomograms  (CBCT). When comparing the
improvement of the bone density between the study
and the control groups, the difference was found to be
statistically insignificant over the three and six
months  follow-up  period (P=0.529, P=0.462
respectively). The six months scan revealed a mean
bone density of 527.75 HU in the study group and
324.25 HU in the control group. El-ghamrawy et al
(2017)(26) conducted a radiographic analysis to
evaluate clinical and radiographic evaluation of
collagenated cortico-cancellous bone graft after
mandibular cyst enucleation. They reported a similar
outcome in the six months scan in the control group
as reported in this study. The insignificances between
both groups may be referred to the heterogenicity and
the randomness of the site of the mandible defect,
where differences in the nature of the bone affect the
outcome of the density evaluation.

In this study, we opted for several measures in order
to standardize the measuring procedure of bone
density. The same CBCT scanner was utilized with
similar scanning parameters for all of the included
patients in this study. Furthermore, a standardization
for the size and position of the region of interest was
performed in order to attain a reliable measuring
procedure. Furthermore, this study utilized the
percentage of change in bone density as an analysis
procedure, in an attempt to remove the errors in the
measuring procedure.

Density analysis in mandibular defects healing shows
a vast heterogenicity in the indexed literature. The
utilization of CBCT is less reliable than CT as it
doesn’t show true Hounsfield units providing a gray
value (GV). Although many trials and advances have
been proposed to validate the correlation between the
CBCT gray value and bone density, it still should be
directed toward evaluating the clinical outcome for
dental implants rather than assessing the bone density
in pathological lesions (27). The correlation of bone
density results in this study to other studies assessing
the bone density after cysts enucleation is difficult
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and incomparable most of the time as the results are
widely affected by the different radiographic
assessment tools (CT, CBCT, OPG), and the software
used to obtain these results especially if they are
measured on gray value. Furthermore, the differences
between clinicians and the methods of obtaining an
average value for each case affect these values
significantly. Thus, unless bone density is measured
by true Hounsfield units, they cannot be reliably
compared to each other.

As a better factor to be assessed rather than the
density, the bone volume was calculated in order to
process the reduction in the defect’s volume over the
follow-up period. In the first three months, the mean
volume reduction was 51.38% in group | which is
more than the reduction in group 11 (30.96%) but not
statistically significant (P=0.248). while after 6
months the volume reduction reached 84.17% and the
difference was statistically significant (P=0.002)
when compared to group Il which only raised to
42.95%.

Volumetric analysis was done to observe the
spontaneous bone healing in odontogenic cysts by Ku
et al (2022)(28). The average rate of healing of jaw
cysts in the first year postoperatively is 33.5 + 32.8 %
which is close to the mean rate found in group Il
(control group) of this study after 6 months.
However; the average age of patients in this study is
28.94 years, which is lower than that of the
previously mentioned study, 40.3 years. This may
explain the slightly higher healing rate in this study.
Furthermore, Ku et al (2022) state the rate of healing
in another group with more than a one-year follow-up
period raises to 74.5%. This percentage is close to the
84.17% reported in the study group after 6 months.
These results indicate that the use of BMAC in cystic
defects may result in a better quality of the newly
formed bone in a significantly shorter period of time.
This is consistent with the study done by Eissa et al
(2018)(29) to evaluate the effect of autogenous bone
marrow mesenchymal stem cells in the healing of
mandibular osseous defects grafted with beta-
tricalcium phosphate in dogs. They found that the
amount of newly formed bone in defects treated by
bone marrow-derived graft is significantly higher than
in the control group. This is coherent with what we
mentioned previously and can be explained by the
bone marrow stem cells' functional, tissue-specific
biodiversity. This is regulated by the “cell to cell”
communication by adhesion molecules, growth
factors, and cytokines allowing the differentiation of
these stem cells to bone-forming cells (30).

Several reports are available regarding the use of
BMAC in the oral and maxillofacial field, however,
the majority of them are animal studies with
histopathological ~ confirmation  regarding  the
biological effect of BMAC on bone healing (29, 31,
32). The human trials regarding the use of BMAC in
the oral and maxillofacial field are somehow limited
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(33, 34). Pelegrine et al (2016)(33) used the BMAC
in the reconstruction of atrophied anterior maxilla and
Ting et al (2018)(34) conducted a study to evaluate
the use of BMAC in maxillary sinus augmentation for
implant placement. The bone marrow harvesting
procedure is safe and minimally invasive with low, or
even minimal, donor site morbidity. However, the use
of BMAC in mandibular defects is limited to
procedures that are made under general anesthesia, as
its use under local anesthesia still may cause a
variable degree of pain and pressure. To our
knowledge, this is the first report to utilize the BMAC
in mandibular cystic defects in an attempt to improve
defect healing.

Many limitations were experienced during the
conduction of this study, such as the inability to use
Computed tomography (CT) for bone density
evaluation to avoid exposing the patient to multiple
large doses of radiation. Furthermore, the
heterogenicity of the cysts site and the difference in
nature between the anterior and posterior mandibular
area has restricted the accuracy of the data analysis
especially for the bone density. Furthermore, cases
near the upper limit of the included age were more
difficult in the aspiration process when compared to
younger patients while the aspirated bone marrow
was more fatty and less cellular. This may be due to
the lower resilience of bone and the lower volume of
bone marrow spaces and their content.

The exemplary clinical and radiographic performance
of the cases with mandibular defects managed with
scaffolded Bone Marrow Aspirate Concentrate for
healing promotion may introduce its application in
several different aspects of the oral and maxillofacial
field. The study reported BMAC as a safe,
autogenous, and minimally invasive defect healing
endorser. At the end of the radiographic follow-up
period, the study cases reported a significant
reduction in the defect volume.
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