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Introduction: Concentrated growth factor (CGF) is a new-generation autologous platelet concentrate that
promotes tissue regeneration and has anti-inflammatory properties. This randomized multicenter trial
aimed to evaluate the effects of CGF on bone healing in combination with root-end microsurgery.
Methods: Healthy adult patients indicated for root-end microsurgery were randomly assigned to either
the CGF or control (no CGF implantation) groups. CGF was implanted into the bone cavity after root-end
filling with mineral trioxide aggregate. Clinical and periapical radiographic evaluations were conducted
at 1, 3, 6, and 12 months postoperatively, with follow-up cone-beam computed tomography (CBCT) at 6
months. The lesion volume reduction rate was calculated based on data from the preoperative and
follow-up CBCT images.
Results: A total of 24 patients were enrolled. The treatment success rate was 91.7% and 83.3% on 12-
month periapical radiography and 6-month CBCT, respectively, without a significant difference be-
tween the two groups. The lesion volume reduction rate in the CGF group (75.6%) was significantly
higher than that in the control (61.0%) group.
Conclusions: Autologous CGF in conjunction with root-end microsurgery accelerated lesion reduction as
observed on CBCT. Administering autologous blood products to stimulate healing in addition to removing
the source of infection appears to be a promising treatment option for root-end microsurgery.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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1. Introduction

Apical periodontitis is an inflammatory disease associated with
periapical bone destruction caused by bacterial infection [1]. The
pathological process is characterized by granulomatous tissue for-
mation in response to intracanal infection, which may eventually
lead to persistent and recurrent inflammation or radicular cysts.
Inflammatory response initiated by pathogenic bacteria, their
components, and foreign substances released from the infected
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root canal stimulate inflammatory cell infiltration and osteoclast
recruitment in the periapical tissue, causing bone destruction and
accelerated disease progression. Nonsurgical root canal treatment,
which reduces the pathogen load in the root canal, has been shown
to facilitate healing [2]. However, the complexity of the root canal
as well as the host's immune system sometimes interferes with the
healing process, resulting in treatment failure with continuous
apical bone destruction. Root-end microsurgery utilizing operating
microscopes with optimized surgical instrumentation, including
ultrasonic retro tips, micromirrors, and biocompatible root-end
filling materials, has become a reliable approach with high suc-
cess rates [3,4].

During root-end microsurgery, the bone cavity created after
periapical inflammatory/granulomatous tissue removal is usually
left empty, with the assumption that the blood-filled cavity will
heal via the body's inherent wound healing capacity. Alternatively,
various synthetic materials (including hydroxyapatite, dicalcium
phosphate, and calcium phosphate) have been used to promote
postsurgical bone repair and regeneration [5e7]. Although syn-
thetic materials are easy to apply, they are associated with risks of
bio-incompatibility and immunological rejection. In addition, many
synthetic materials are radiopaque, which hinders postsurgical
evaluation of bone regeneration.

The healing process in the bone cavity after root-end micro-
surgery can take severalmonths to years.Whilemost teeth respond
quickly and may be classified as healed at the 1-year follow-up,
some may take 2e6 years to heal [8,9]. Moreover, large lesions,
including those with a preoperative size of >5 mm [10,11], and
through-and-through lesions [12,13] have been identified as
negative predictors of healing. Guided tissue regeneration tech-
niques utilizing resorbable membranes placed in the bone cavity
[14] or platelet-rich plasma (PRP) concentrates [15] in combination
with root-end microsurgery have been shown to improve bone
regeneration outcomes in large periapical lesions. These findings
suggest that considering a treatment strategy that promotes heal-
ing is indispensable, especially in the case of a sizable periapical
lesion.

Platelets contain a variety of autologous growth factors, such as
platelet-derived growth factor (PDGF), transforming growth factor
(TGF)-B, vascular endothelial growth factor (VEGF), and insulin-like
growth factor, all of which accelerate tissue regeneration and repair
[16]. In addition to these, PRP contains anti-inflammatory factors
such as interleukin 10 and tissue inhibitors of metalloproteinase-1
[17]. Therefore, PRP therapy is regarded as a promising approach for
controlling inflammation [18] and promoting wound healing [19],
in cases of bone injury [20], hair regrowth [21], nerve injury [22],
and diabetic wounds [23]. Use of platelet concentrates in
conjunction with root-end microsurgery has been reported to
reduce postoperative pain and improve patient's quality of life [24].
A recent clinical study evaluating PRP in the healing of through-
and-through lesions revealed that the PRP group exhibited a sig-
nificant reduction in lesion volume [15], indicating an improved
treatment outcome in such lesions. Concentrated growth factor
(CGF), a new-generation autologous platelet concentrate contain-
ing equivalent or higher levels of TGF-B1, PDGF-BB, and VEGF than
PRP, has been shown to stimulate cell proliferation [25]. It forms a
gel-like structure that provides protection from plasmin degrada-
tion. CGF is easily obtained by centrifuging intravenous blood of the
patient and does not require any synthetics or biomaterials to make
a gel; hence, it is free from the risk of cross-contamination [26].
Successful use of CGF in root-end microsurgery has been reported
in several studies [27,28]; however, only a few have reported high
certainty of evidence. Therefore, it seems reasonable to assume that
the adjunctive use of CGF with root-end surgery promotes faster
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bone healing than conventional root-end microsurgery, although
sufficient evidence has yet to be established.

In the present study, we performed a randomized, multicenter
trial at four dental university hospitals in Japan to investigate the
effects of adjunctive use of CGF in root-end microsurgery. We hy-
pothesized that the use of CGF with root-end microsurgery pro-
motes faster bone healing than conventional root-end
microsurgery.

2. Methods

2.1. Study design

The study protocol was approved by the certified review board
for regenerative medicine at Tohoku University. A central review
board process was chosen for this trial (2018e001). This study was
first registered in the Japan Registry of Clinical Trials (registration
number, jRCTc020190025) on March 31, 2020. Written informed
consent, including for publication of their details, was obtained
from all participants prior to enrollment. This multicenter, ran-
domized, controlled prospective clinical trial included patients
from four dental universities (Tokyo Medical and Dental University,
Osaka University, Niigata University, and Tohoku University),
divided into two parallel groups with a 1:1 allocation ratio. We
ensured randomization and allocation concealment through a
central process at Tohoku University. However, blinding of both
surgeons and participants was not possible because of the distinct
procedures involved, such as the presence or absence of blood
collection or CGF implantation. The conduct and reporting of the
trial adhered to the Declaration of Helsinki and the CONSORT
guidelines [29].

Experienced endodontists at each participating center selected
the patients according to the following inclusion criteria: indicated
for root-end microsurgery, noncontributory medical history,
platelet count >100,000/mm3, aged between 20 and 70 years, and
lesion size �5 mm in diameter on periapical radiography.

The exclusion criteria were as follows: medical history of cancer,
age <18 years and >70 years, contraindication for anesthesia or
inability to adhere to the trial requirements, infectious diseases
(hepatitis B virus, hepatitis C virus, human immunodeficiency vi-
rus, or human T-lymphotropic virus-1 infections), vertical or hori-
zontal root fracture, root perforations that were impossible to
repair by root-end microsurgery, periodontal probing depths of
>5 mm, re-surgery, periapical lesion involving more than two root
apices, through-and-through lesions, and lesion size of <5 mm in
diameter on periapical radiography.

The data were collected individually at all four dental univer-
sities. The study protocol, including patient selection, surgical
techniques, and pre- and postoperative measurements, was stan-
dardized for all facilities prior to recruitment initiation. Before
enrollment, the operator at each center performed periapical
radiography and cone-beam computed tomography (CBCT) to
confirm participant eligibility. Due to the multicenter nature of the
study, various CBCT scanners and fields-of-view were included in
the CBCT protocol.

2.2. Root-end microsurgery

All root-end surgeries were conducted in a dedicated operating
room with surgical operating microscopes at all the centers.
Following local anesthetic administration, a full-thickness buccal
flap was reflected to access the periapical lesion. The choice of flap
design (intra-sulcular, submarginal, triangular, or trapezoidal) was
made by the operator depending on the tooth position, type of
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prosthesis, and width of the attached gingiva. In one case with
covered cortical bone, the diameter of the cortical bone fenes-
tration was <4 mm; hence, osteotomy was conducted using a
round bur. The periapical inflammatory tissue was curetted, and
location of the root apex and size of the bone defect were iden-
tified. Root-end resection was accomplished approximately 3 mm
from the apex, as perpendicular to the long axis of the root as
possible. The resected surface was then inspected using micro-
mirrors under high magnification. Thereafter, the root-end cavity
preparation was performed using ultrasonic microtips up to a
depth of 3 mm in the canal space along the long axis. The root-
end was filled with mineral trioxide aggregate (white ProRoot
MTA, Dentsply Sirona, Charlotte, NC, USA) mixed with sterile
water in a 3:1 powder-to-water ratio according to the manufac-
turer's instructions.

2.3. CGF preparation

In the CGF group, which received adjunctive implantation of
CGF in the bone defect, 10 mL of intravenous blood was drawn by a
hospital nurse before the administration of the local anesthetic.
Blood was collected in 20-mL glass-coated plastic tubes without an
anticoagulant and immediately centrifuged for 15 min at 1600 rpm.
After centrifugation, the blood was divided into three layers, with
the CGF layer located in the middle, between the red blood cell jelly
layer at the bottom and acellular plasma on the top. The clot was
removed from the tube, and the lower layer was removed using
scissors. The CGF clot was carefully inserted in the bone cavity after
root-end filling, and lastly the flap was repositioned and sutured.
Lesion volume reduction rate ð%Þ¼ ðpreoperative volume� postoperative volumeÞ � 100
preoperative volume
2.4. Follow-up and outcome measures

The primary objective was to compare the success rates be-
tween the two groups on periapical radiography and CBCT to verify
whether CGF accelerates wound healing and bone regeneration, as
well as to compare the lesion volume reduction rates using CBCT. As
a secondary objective, we assessed the effect of CGF on alleviating
postoperative discomfort. Patients were clinically assessed preop-
eratively and on 1 day, 7 days, 1 month, 3 months, 6 months, and 12
months postoperatively for spontaneous pain, occlusal pain, visual
analog pain scale (VAS) score, tenderness on percussion or palpa-
tion, and clinical signs (including sinus tract, swelling, and probing
depth).

Routine periapical radiography was performed at the 1-month,
3-month, 6-month, and 12-month follow-up visits, while CBCT was
performed at the 6-month follow-up visit. Multiple centers partic-
ipated in this study, each using different scanners and acquisition
parameters. Therefore,we set thefield of viewas small as possible to
include the entire lesion and the tooth. Hence, the voxel size used in
this study ranged from 0.08 mm to 0.2 mm. The level of healing on
the 12-month follow-up periapical radiograph was categorized as
complete, incomplete, uncertain, or unsatisfactory, according to the
criteria relatedbyRudet al. [30] andMolvenet al. [31]. Regarding the
CBCT assessments, the preoperative and 6-month follow-up DICOM
format files for each patient were imported to OsiriX MD (Pixmeo,
Geneva, Switzerland). Thereafter, buccopalatal and mesiodistal im-
ages that aligned with the root canal axis and included the apical
area were obtained from each scan, using the two-dimensional
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multiplanar reconstruction mode in the software. The ideal image
for assessmentwas determined byan experienced endodontistwho
was not involved in the intervention or radiographic evaluation of
the study. Assessment of healing on the CBCT scan was performed
using themodifiedPenn three-dimensional criteria according to Safi
et al. [32]. The outcomes were classified as complete, limited, or
unsatisfactory healing.

Two calibrated examiners, who were experienced endodontists
(TT and NS), assessed all the periapical radiographs and CBCT im-
ages independently. These examiners were not involved in the in-
terventions and were blinded to the time of follow-up and
application of CGF. Disagreements were resolved through discus-
sion until a consensus was reached. Successful healing was deter-
mined by the absence of clinical symptoms with categorization of
complete or incomplete healing on periapical radiographs and
complete or limited healing on CBCT images. Failure was defined as
an assessment that could not be classified as successful healing.
Additionally, any dropouts or excluded cases after randomization
were considered as failures.

The lesion volume reduction rate was measured using preop-
erative and 6-month postoperative CBCT images and the Amira
image analysis software (Thermo Fisher Scientific, Waltham, MA,
USA). The lesion areas of all horizontal cross sections were
extracted from the DICOM images and volume was calculated by
three-dimensional reconstruction of the lesion from the extracted
lesion area of each cross section and the image thickness. The
volume of the lesion was calculated preoperatively and 6 months
postoperatively using CBCT images. The volume reduction rate was
calculated as follows:
2.5. Statistical analysis

The sample size was calculated based on the available similar
research at the time of study protocol development [33], which
indicated the lesion volume reduction rate with the control group
was 33%. The sample size was determined to estimate an effect size
of 1.4 with a error of 0.05 and a power of 0.80. The minimum
sample size was calculated to be 20 (n ¼ 10 in each group). To
prevent an imbalance in the number of cases between the four
centers, we recruited a total of 24 patients (n ¼ 6 per center). After
the patients fulfilled the selection criteria and provided informed
consent at each trial center, the operator sent a request form to the
primary center (Tohoku University). Randomization concealment
was warranted because randomization was conducted centrally
after the enrollment phase. At the primary center, a person who
was not the operator or examiner assigned the participants
randomly to either the CGF or control group using a computer-
based stratified blocked randomization method. Since the opera-
tive procedures involved bloodwithdrawal, centrifugation, and CGF
implantation, which required visualization, neither the operator
nor the patient could be blinded.

The chi-square test was used to analyze the variability in
enrollment between the CGF and control groups. Aweighted kappa
coefficient was used to assess the interobserver agreement of per-
iapical radiographs and CBCT images. Comparison of the success
rates between the groups at 12 months with periapical radiography
and at 6 months with CBCT, in conjunction with the clinical
symptoms, was analyzed using the chi-square test based on the
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intention-to-treat (ITT) population. A per-protocol analysis was
conducted since the lesion volume reduction rate and VAS score
were continuous variables. The ShapiroeWilk test showed that the
dataset of the lesion volume reduction rate followed a normal
distribution; hence, Student's t-test was used to test differences
between the two groups. On the other hand, ManneWhitney U test
was used to compare the VAS values because the dataset departed
from normality. The significance level was set at alpha ¼ 0.05.

3. Results

3.1. Study population

This study enrolled 24 patients following an initial assessment
according to the inclusion and exclusion criteria (Fig. 1). During
investigation of the resected root surface, a vertical fracture was
detected in one patient from the CGF group (Fig. 1); therefore,
follow-up was discontinued for this patient. Since the fracture was
identified after randomization, this case was classified as a failure
and included in the ITT analysis.

Table 1 shows the demographic distribution of the participants.
There were no significant differences between the groups in terms
of sex, age, tooth position, jaw position, presence of systemic dis-
ease, or preoperative symptoms (P > 0.05, chi-square test).

3.2. Outcome assessment

The total success rate assessed using periapical radiography at
12 months was 91.7% (Table 2). Although no significant difference
was observed in the success rates between the CGF and control
groups evaluated by periapical radiography (83.3% vs. 100%;
P ¼ 0.1396, chi-square test) and CBCT (66.7% vs. 91.7%; P ¼ 0.1316,
chi-square test) (Table 3), the lesion volume reduction rate was
Fig. 1. Patient selection. CONSORT flow chart ou
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75.6% in the CGF group and 61.0% in the control group, with a
significantly higher reduction rate in the former (P ¼ 0.0475, Stu-
dent's t-test) (Fig. 2). Interobserver agreement was good for both
periapical radiographs (K ¼ 0.73, P < 0.001, weighted kappa) and
CBCT images (K ¼ 0.79, P < 0.001, weighted kappa).

A typical case of success with respect to healing in the CGF group
is shown in Fig. 3. This case was classified as complete healing on
periapical radiography at 12 months and on CBCT at 6 months, both
of which showed increased radiopacity in the periapical area. A
typical case of failed outcome in the CGF group is shown in Fig. 4.
With regard to the VAS scores, there was no significant difference
between the two groups preoperatively and at all postoperative
appointments (P > 0.05, ManneWhitney U test).

4. Discussion

Preoperative radiographic size of a periapical lesion is regarded
as one of the contributing factors of extended healing after root-
end surgery. Lesions >5 mm in diameter or through-and-through
lesions (lesions penetrating the cortical bone on both the labial
and palatal sides) are negative predictors of root-end surgery out-
comes [10e13]. A previous report showed that PRP effectively
reduced the lesion volume after 1 year in through-and-through
lesions [15]. In the present study, it was found that CGF contrib-
uted to accelerated alveolar bone healing by reducing the lesion
volume, suggesting that CGF is a suitable adjunctive material for
root-end microsurgery.

The main objective of endodontic treatment is to remove the
source of infection. In most cases, a favorable prognosis with the
maintenance of tooth function can be anticipated by practicing the
established surgical and nonsurgical procedures. Traditionally,
eradication of bacteria from the root canal has been emphasized in
management of periapical lesions, while little attention has been
tlining selection of the study participants.



Table 1
Demographic distribution of cases at base line in the intention-to-treat population.

Characteristic Total (n ¼ 24) CGF group
(n ¼ 12)

Control group
(n ¼ 12)

P value
(chi-square)

n (%) n (%) n (%)

Sex
Male 8 33.3 3 25.0 5 41.7 0.3865
Female 16 66.7 9 75.0 7 58.3

Age, years
30e50 11 45.8 7 58.3 4 33.3 0.2191
>50 13 54.2 5 41.7 8 66.7

Tooth position
Anterior 15 62.5 9 75.0 6 50.0 0.2059
Posterior 9 37.5 3 25.0 6 50.0

Jaw
Maxilla 23 95.8 11 91.7 12 100.0 0.3070
Mandible 1 4.2 1 8.3 0 0.0

Systemic disease
Present 4 16.7 2 16.7 2 16.7 1.0000
Absent 20 83.3 10 83.3 10 83.3

Preoperative symptoms
Spontaneous pain
Present 6 25.0 3 25.0 3 25.0 1.0000
Absent 18 75.0 9 75.0 9 75.0

Occlusal pain
Present 7 29.2 4 33.3 3 25.0 0.6534
Absent 17 70.8 8 66.7 9 75.0

Tender to percussion
Present 10 41.7 6 50.0 4 33.3 0.4076
Absent 14 58.3 6 50.0 8 66.7

Tender to palpation
Present 12 50.0 6 50.0 6 50.0 1.0000
Absent 12 50.0 6 50.0 6 50.0

Periodontal pocket
<3 mm 20 83.3 10 83.3 10 83.3 1.0000
>4 mm 4 16.7 2 16.7 2 16.7

Sinus tract
Present 8 33.3 3 25.0 5 41.7 0.3865
Absent 16 66.7 9 75.0 7 58.3

CGF, concentrated growth factor.

Table 3
Summary of treatment outcome by preoperative and 6-month postoperative cone-
beam computed tomography assessment in the intention-to-treat population. There
were no significant differences between the two groups (chi-square, P > 0.05).

Outcome Total (n ¼ 24) CGF group
(n ¼ 12

Control group
(n ¼ 12)

n (%) n (%) n (%)

CBCT assessmentrowhead
Complete
healing

2 8.3 2 16.7 0 0.0

Limited healing 17 75.0 6 50.0 11 91.7
Unsatisfactory
healing

4 16.7 3 25.0 1 8.3

Unknown
(excluded
after
allocation)

1 4.2 1 8.3 0 0.0

P value
(chi-square)

Success 19 79.2 8 66.7 11 91.7 0.1316
Failure 5 20.8 4 23.3 1 8.3

CBCT, cone-beam computed tomography; CGF, concentrated growth factor.
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paid to assessing the bone healing capacity of individual patients.
Inflammation caused by microbial infection and surgical inter-
vention can lead to the production of proinflammatory cytokines
that interfere with bone healing [34]. Thus, regulation of inflam-
mation is one of the key factors for successful bone healing. We did
not measure the concentration of growth factors in individual CGF
clots obtained from patients in this study. However, a study that
used the same methodology as that used in the current study re-
ported that the CGF clots were rich sources of growth factor com-
ponents effective for anti-inflammation, such as TGF-B1, PDGF-BB,
and VEGF [25]. Recent reports have indicated that CGF facilitates
Table 2
Summary of treatment outcome by preoperative and 12-month postoperative radiograp
ferences between the two groups (chi-square, P > 0.05).

Outcome Total (n ¼ 24) CGF gro

n (%) n

Radiographic assessmentrowhead
Complete healing 18 75.0 8
Incomplete healing 4 16.7 2
Uncertain healing 1 4.2 1
Unsatisfactory healing 0 0.0 0
Unknown (excluded after randomization) 1 4.2 1

Success 22 91.7 10
Failure 2 8.3 2

CGF, concentrated growth factor.
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M2 macrophage polarization, resulting in suppression of proin-
flammatory cytokines [35,36]. Furthermore, CGF has been proven
to be critical to wound healing by serving as a wound-healing
matrix, delivering various growth factors that stimulate osteo-
genic cell migratory pathways [37]. Adding CGF to human dental
pulp stem cells causes extensive upregulation of bone-related
genes such as DSPP, DMP1, OPN, RUNX2, and OCN, significantly
increasing the mineralized areas shown by alizarin red staining
[36]. The consolidated findings of the current and other reports
suggest that both anti-inflammatory effects and growth factors that
cause osteoblast recruitment contribute towards accelerated bone
healing when CGF is implanted. In the current study, CGF implan-
tation did not influence postoperative pain intensity, which was
consistent with the results of a previous study [38]. Hence, our data
indicated that the adjunctive use of CGF during root-end micro-
surgery directly stimulated active bone healing without increasing
postoperative pain.

A high prevalence of periapical lesions has been reported among
patients with systemic diseases [39,40]. Patients with immune
disorders present sustained inflammation and delayed wound
healing. CGF is known to promote healing in chronic ulcerative
wounds and wounds in patients with systemic diseases such as
diabetes [23]. Thus, we propose using CGF as an adjunct during
root-end microsurgery to stimulate active bone healing, especially
in patients with inferior healing capacity due to systemic diseases.
hic assessment in the intention-to-treat population. There were no significant dif-

up (n ¼ 12) Control group (n ¼ 12)

(%) n (%)

66.7 10 83.3
16.7 2 16.7
8.3 0 0.0
0.0 0 0.0
8.3 0 0.0

P value (chi-square)

83.3 12 100.0 0.1396
16.7 0 0.0



Fig. 2. Reduction rate of lesion volume. A significant difference in lesion volume
reduction rate is noted between the CGF and control groups as the per-protocol set
(ShapiroeWilk test, P > 0.05; Student's t-test, P ¼ 0.0475). Each dot represents the
reduction rate of each case. CGF, concentrated growth factor.
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In the present study, one case of intraoperative vertical root
fracture was encountered in the CGF group after randomization. In
most previous clinical trials reporting the outcome of root-end
Fig. 3. A typical case of complete healing in the CGF group The preoperative radio-
graph shows a circular radiolucent area around the root apex of the right maxillary
central incisor (A). The postoperative radiograph reveals the resected root apex and
root-end filling material inside the residual root canal (B). The radiograph captured 12
months after root-end microsurgery confirms a decreased periapical radiolucent area
(C). Intraoperative photographs were taken before (D) and during (E) concentrated
growth factor implantation into the bone cavity. The preoperative cone-beam
computed tomography sagittal section image shows a radiolucent area around the
root apex (F). The 6-month postoperative sagittal section cone-beam computed to-
mography image demonstrates the formation of radiopaque structures in the preop-
erative radiolucent area, including the site of the apical resection, suggesting bone
regeneration (G).
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microsurgery, such cases were categorized as dropouts and
excluded from the analysis. However, in this study, the ITT analysis
was conducted after classifying the singular dropout case as a
failure on healing evaluation by imaging, to follow the ITT principle
of including all randomized participants assigned to the random-
ized treatment, regardless of noncompliance, protocol deviations,
withdrawal, or any event occurring after randomization [41]. The
ITT protocol is considered more conservative than the per-protocol
for avoiding overoptimistic estimates of the efficacy of treatment
regimens [42]. Furthermore, the CONSORT guidelines have
addressed the importance of ITTanalysis in improving the quality of
randomized clinical trials [29]. Therefore, ITT analysis can be
regarded as an appropriate method to evaluate novel treatment
procedures using CGF.

This study was a multicenter study conducted at four university
hospitals in Japan. The external validity of the results of a multi-
center study is higher than that of a single-center study. In the
present study, there was no intercenter variability in the success
rate of root-end microsurgery or the efficacy of CGF due to the
difference in the success rates among the centers. Therefore, this
study can form the basis for future large-scale clinical multicenter
studies.

CBCT evaluation in the present study confirmed that CGF
accelerated bone healing, suggesting that CGF is a suitable material
for application in root-end microsurgery. However, the number of
cases in this study was relatively small (n ¼ 24; 12 cases in each
group). Future studies with a larger sample size are warranted to
determine the robustness of our findings. While CGF showed
accelerated bone healing in the reconstructed CBCT images, the
evaluator-assessed criteria did not show outcome differences be-
tween periapical radiography and CBCT images. The uncertainty of
visual healing findings on imaging may limit its usefulness in
determining treatment success. In our study, CBCTwas conducted 6
months postoperatively, which can be considered as an early-stage
evaluation. We believe that early-stage evaluation during the
healing process was essential to verify our hypothesis that CGF-
Fig. 4. A typical case of uncertain healing in the CGF group. The preoperative radio-
graph shows a root canal filling around the apex and lateral canal as well as a radio-
lucent area surrounding the apex of the left maxillary central incisor (A). The
immediately postoperative radiograph shows the resected root apex and lateral canal
(B). The 12-month postoperative radiograph indicates no significant changes in
radiolucency of the periapical area (C). A comparison of the preoperative (D) and
postoperative (E) sagittal cone-beam computed tomography images reveal the absence
of bone healing in the surrounding alveolar boneCGF, concentrated growth factor.
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mediated healing promotes accelerated alveolar bone regeneration.
Additional clinical trials with long-term outcome assessments are
warranted to clarify the effectiveness of CGF.

5. Conclusions

The healing effect of autologous CGF in conjunction with root-
end microsurgery showed accelerated lesion reduction on CBCT.
Administering autologous blood products in addition to removing
the infection source through standard root-end microsurgery pro-
cedure seems to be a promising treatment option to stimulate
healing, particularly in patients with impaired healing due to sys-
temic diseases.
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