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Abstract: Objective: To evaluate the efficacy of platelet-rich plasma (PRP) in augmenting bone regeneration for oral
implants and to assess its impact on bone regeneration parameters and complications. Methods: The clinical data
of 175 patients with oral bone defects admitted to the Department of Stomatology, Yiling Hospital of Yichang from
2023 to 2025 were retrospectively collected. According to the treatment plan, patients were divided into a con-
trol group (implant bone augmentation using artificial bone powder alone, n=85) and an observation group (bone
augmentation with platelet-rich plasma [PRP] in addition to the same artificial bone powder, n=90). Both groups
received conventional oral implant bone treatment and were followed up for 6 months. Clinical efficacy was com-
pared at 1 day postoperatively, and histological parameters of the implanted bone (bone tissue area, connective
tissue area, residual artificial bone powder area) and bone defect regeneration parameters (bleeding index, probing
depth, attachment loss, bone graft height, bone thickness) were compared at 6 months postoperatively, along with
the incidence of complications within 6 months. Results: One day after operation, the overall clinical success rate
in the observation group was 92.2% (83/90), significantly higher than 75.3% (64/85) in the control group (P<0.05).
Histological examination at 6 months postoperatively revealed that the area of bone tissue in the observation group
(3.86+0.54) mm? was significantly greater than that of the control group (2.91+0.48) mm? (P<0.05). The area of
connective tissue was (1.52+0.38) mm?in the observation group and (1.48+0.41) mm? in the control group, with no
significant difference between the two groups (P>0.05). The residual area of artificial bone powder was (0.35+0.12)
mm? in the observation group and (0.38+0.14) mm? in the control group, with no significant difference between
the two groups (P>0.05). Regarding bone defect regeneration parameters at 6 months postoperatively, the bleed-
ing index (1.02+0.35), probing depth (2.15+0.42) mm, and attachment loss (1.08+0.31) mm in the observation
group were significantly lower than those in the control group (1.58+0.44), (2.76+0.51) mm, and (1.56+0.38) mm,
respectively (P<0.05). The bone graft height (4.82+0.67) mm and osteogenic thickness (3.24+0.45) mm in the
observation group were higher than those in the control group (3.95+0.58) mm and (2.61+0.39) mm, respectively
(P<0.05). Within 6 months postoperatively, the incidence of complications was 5.6% (5/90) in the observation
group, lower than 16.5% (14/85) in the control group, with a statistically significant difference (P<0.05). Conclusion:
Platelet-rich plasma effectively enhances bone regeneration in oral implantology, improving bone tissue area and
bone graft-related parameters while reducing the incidence of postoperative complications. It is an effective strat-
egy to improve the efficacy and safety of oral implant bone regeneration.
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Introduction teeth, thus increasing the difficulty and risk of
dental implant treatment [3, 4]. Therefore, ef-

It is well-established that oral bone defects fectively promoting bone tissue regeneration in

are a common problem in oral implantology,
and their bone regeneration outcomes directly
influence the long-term stability and success
rate of implants [1, 2]. Studies have confirmed
that periodontal disease, trauma, tumor resec-
tion, congenital dysplasia and other factors
can lead to insufficient local bone mass of

the bone defect area can improve the thera-
peutic effect [5].

Artificial bone powder, as a bone substitute
material, is well-documented for its osteocon-
ductive properties and biocompatibility, and is
widely used in oral implant bone augmentation.
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However, the use of artificial bone powder
alone still has limitations in terms of osteoin-
ductive activity and the rate of new bone for-
mation [6]. Platelet-rich plasma (PRP) exerts its
biological effects by releasing various growth
factors (such as platelet-derived growth factor,
transforming growth factor-3, vascular endo-
thelial growth factor, etc.) [7]. These growth
factors act synergistically on the bone defect
area to promote osteoblast proliferation, differ-
entiation, and angiogenesis, thereby accelerat-
ing bone healing [8, 9]. Previous studies have
demonstrated that PRP combined with bone
substitute materials can effectively promote
bone repair of jaw defects and improve bone
mineral density and the quality of osseointe-
gration [10]. However, systematic clinical evi-
dence regarding the specific effects of PRP in
oral implant bone regeneration, as well as its
influence on bone tissue parameters and com-
plications, remains limited. Based on this, this
study retrospectively analyzed the clinical data
of 175 patients with oral bone defects admit-
ted to the Department of Stomatology of our
hospital, and compared the application effects
of artificial bone powder alone and PRP com-
bined with artificial bone powder in oral im-
plant bone regeneration, and evaluated its
effects on bone regeneration parameters and
complications, in order to provide a reference
for the clinical treatment of oral implant bone
regeneration.

Data and methods
General information

The clinical data of 175 patients with oral
bone defects admitted to the Department of
Stomatology of our hospital from January 2023
to June 2025 were retrospectively analyzed.
According to different treatment schemes,
they were divided into an observation group
(PRP combined with artificial bone powder) and
a control group (artificial bone powder alone).
There were 90 cases in the observation group
and 85 cases in the control group.

Inclusion criteria

1. Patients diagnosed with alveolar bone defi-
ciency by oral cone beam CT (CBCT) and who
required implant bone augmentation; 2. Age
18-70 years old, regardless of gender; 3.
Patients who received oral implant bone treat-
ment for the first time; 4. Patients receiving
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conventional oral implant bone augmentation
therapy; 5. Complete clinical data, postopera-
tive follow-up of 6 months.

Exclusion criteria

1. Patients with a history of oral implant failure;
2. Those suffering from serious systemic dis-
eases (such as uncontrolled hypertension, dia-
betes, coagulation dysfunction, immune sys-
tem diseases); patients with acute or chronic
oral inflammation such as active periodontitis
and oral mucosal disease; long-term use of
anticoagulant drugs or immunosuppressive
agents; pregnant or lactating women; patients
who were allergic to platelet-rich plasma or
artificial bone powder; or patients with incom-
plete clinical data or lost to follow-up. This ret-
rospective study was approved by the Ethics
Committee of Yiling Hospital of Yichang (App-
roval No. LW-2025-05-2003. The requirement
for informed consent was waived due to the
retrospective nature of the study, which in-
volved no additional interventions beyond rou-
tine clinical practice, and all patient data were
anonymized prior to analysis.

Treatment methods

All surgical procedures were performed by a
single senior associate chief physician with
over 10 years of experience in oral implantolo-
gy, following a standardized operating proto-
col. Both groups received conventional oral
implant bone treatment, and standard oral
hygiene, disinfection, and local anesthesia
were administered before surgery.

Materials used: The artificial bone powder was
Bio-Oss® (Geistlich Pharma AG, Switzerland),
a deproteinized bovine bone mineral matrix
(particle size 0.25-1.0 mm). The barrier mem-
brane was Bio-Gide® (Geistlich Pharma AG,
Switzerland), a porcine-derived type I/Ill colla-
gen resorbable membrane (25 x 25 mm). The
implant system used was the Straumann®
Bone Level Tapered Implant System (Institut
Straumann AG, Switzerland), model BLT RC @
4.1 mm x 10 mm.

Control group: In the control group, the bone
defect area was filled with an appropriate
amount of artificial bone powder (Bio-Oss®),
compacted, covered with a Bio-Gide® mem-
brane, and the wound was sutured.
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Observation group: In the observation group,
platelet-rich plasma (PRP) was combined with
the same artificial bone powder for bone aug-
mentation. PRP preparation: 20 mL of autolo-
gous venous blood was collected preoperative-
ly and subjected to a two-step centrifugation
process (first at 2,000 rpm for 10 min, then at
3,000 rpm for 8 min) to obtain the PRP. After
activation, PRP was mixed with artificial bone
powder at a 1:1 ratio to prepare a PRP-bone
powder complex, which was implanted into the
bone defect area and covered with a Bio-Gide®
membrane.

Both groups received routine oral antibiotics
for 3-5 days postoperatively to prevent infec-
tion. Sutures were removed 1 week after sur-
gery, and patients were followed up regularly
within 6 months postoperatively.

Data acquisition

Patient baseline data were extracted from the
electronic medical record system, including
age, gender, bone defect site, bone defect size,
smoking history, drinking history, systemic dis-
ease history (hypertension, diabetes, etc.), pre-
operative CBCT image data, and laboratory
examination indicators.

To identify independent factors associated
with treatment success, a multivariate logistic
regression analysis was performed. The de-
pendent variable was defined as clinical effica-
cy (coded as O = no, 1 = yes). Variables with a
P-value <0.1 in the univariate analysis, along
with clinically relevant covariates, were incor-
porated into the regression model using the
Enter method. The included covariates were
age, gender, bone defect type, bone defect
area, smoking history, comorbidities (e.g., hy-
pertension, diabetes), and surgeon experience
level (categorized as attending physician vs.
associate chief physician or above). Through
this model, the adjusted odds ratios (aOR) and
their corresponding 95% confidence intervals
(95% CI) were calculated to evaluate the net
effect of each factor.

Observation indicators

Primary outcomes: Clinical efficacy was
assessed on the first postoperative day. His-
tological parameters (bone tissue area, con-
nective tissue area, residual artificial bone
powder area) and bone regeneration indices
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(bleeding index, probing depth, attachment
loss, bone graft height, bone thickness) were
compared between the two groups at 6 mon-
ths postoperatively, and the effect of PRP on
bone regeneration was analyzed.

Secondary outcomes: The incidence of com-
plications (e.g., infection, peri-implantitis, bone
resorption, rejection) was recorded during the
6-month follow-up in both groups.

Data statistics

SPSS 26.0 statistical software was used for
data analysis. The Kolmogorov-Smirnov test
was used to test the normality of the measure-
ment data. Data were expressed as mean *
standard deviation (Mean + SD) for normally
distributed variables and as median (interquar-
tile range) [M (IQR)] for non-normally distribut-
ed variables. The independent sample t test
was used for comparison of normally distribut-
ed variables between the two groups, and the
Mann-Whitney U test was used for non-normal-
ly distributed variables. The enumeration data
were expressed as the number of cases (per-
centage) [n (%)]. The x? test was used for com-
parison between groups, and Fisher’'s exact
test was used when the theoretical frequency
was less than 5. P<0.05 was considered statis-
tically significant.

Results

Comparison of baseline data between the two
groups

A total of 175 patients with oral bone defects
were included in this study, with 85 patients
in the control group and 90 patients in the
observation group. As shown in Table 1, there
were no significant differences in baseline
characteristics between the two groups in
terms of gender, age, bone defect site, bone
defect type, bone defect area, smoking his-
tory, drinking history, hypertension history, dia-
betes history, or surgeon experience level (all
P>0.05), confirming their comparability.

Comparison of the effective rate of treatment
between the two groups

On the first postoperative day, the overall clini-
cal success rate was significantly higher in the
observation group than in the control group
(92.2% vs. 75.3%, P=0.034) (See Table 2).
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Table 1. Comparison of baseline characteristics between the two groups

Variable Control group (n=85) Observation group (n=90) t/x2value P-value
Gender [n (%)] 0.032 0.858
Male 46 (54.1) 48 (53.3)
Female 39 (45.9) 42 (46.7)
Age (years, X £ s) 42.5+10.2 43.149.8 0.398 0.691
Bone defect site [n (%)] 0.001 0.975
Anterior teeth area 38 (44.7) 40 (44.4)
Posterior teeth area 47 (55.3) 50 (55.6)
Bone defect type [n (%)] 0.147 0.929
Horizontal type 28 (32.9) 30 (33.3)
Vertical type 32 (37.6) 35 (38.9)
Mixed type 25 (29.4) 25 (27.8)
Bone defect size (mm?, X +s) 25.6+5.8 26.1+5.5 0.589 0.557
Smoking history [n (%)] 18 (21.2) 20 (22.2) 0.028 0.867
Drinking history [n (%)] 15 (17.6) 16 (17.8) 0.001 0.979
Hypertension history [n (%)] 12 (14.1) 13 (14.4) 0.004 0.951
Diabetes history [n (%)] 8(9.4) 9 (10.0) 0.018 0.893
Surgeon experience level [n (%)] 0.037 0.848
Attending physician 52 (61.2) 54 (60.0)
Associate chief physician or above 33 (38.8) 36 (40.0)

Note: Data are expressed as mean + standard deviation (X * s) or number (percentage). All P values were calculated by indepen-
dent-sample t-test for continuous variables and Chi-square test for categorical variables. There were no statistically significant
differences between the two groups for all baseline characteristics (all P>0.05).

Table 2. Comparison of clinical outcomes between the two groups

Indicator Control group (n=85) Observation group (n=90) x?value P-value
Clinical efficacy (1 day after surgery) 4.501 0.034
Markedly effective [n (%)] 38 (44.7) 56 (62.2)
Effective [n (%)] 26 (30.6) 27 (30.0)
Invalid [n (%)] 21 (24.7) 7(7.8)
Total effective rate [n (%)] 64 (75.3) 83(92.2) 4.501 0.034
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Figure 1. Comparison of implant bone tissue indexes between the two
groups of patients. NS: Not Significant.
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Comparison of implant bone tissue indexes

between the two groups of patients

Histological examination at 6 months postop-
eratively revealed that the area of bone tis-
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Comparison of bone defect

5 regeneration indexes be-

tween the two groups

At 6 months postoperati-
vely, the observation group
exhibited significantly lower

bleeding index, probing depth, and attach-
ment loss, and significantly greater bone
graft height and osteogenic thickness com-
pared to the control group (all P<0.001) (See
Table 3).
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Table 3. Comparison of bone regeneration parameters between the two groups

Indicators Control group (n=85) Observation group (n=90) tvalue P-value
Bleeding index (X + s) 1.58+0.44 1.02+0.35 6.234 <0.001
Probe depth (mm, X £ s) 2.76+0.51 2.15+0.42 5.789 <0.001
Attachment loss (mm, X *s) 1.56+0.38 1.08+0.31 6.123 <0.001
Bone graft height (mm, X % s) 3.95+0.58 4.82+0.67 6.234 <0.001
Osteogenic thickness (mm, X % s) 2.61+0.39 3.24+0.45 6.789 <0.001

Table 4. Comparison of complication rates between the two

groups [n (%)]

ing better postoperative quality of
life in the observation group (See

Control group  Observation

Complication (n=85) group (n=90)

Table 6).

¥ value P-value

Infection 6 (7.1) 2(2.2)
Peri-implantitis 5(5.9) 2(2.2)
Bone resorption 3(3.5) 1(1.2)
Rejection reaction 0 (0) 0 (0)

Total complications 14 (16.5) 5 (5.6)

4.332 0.037

PRP as an independent predictor
of treatment success: multivariate
logistic regression analysis

Multivariate logistic regression an-
alysis was performed to identify

Comparison of the incidence of complications
between the two groups

The total incidence of complications within 6
months was significantly lower in the observa-
tion group than in the control group (5.6% vs.
16.5%, P<0.05) (See Table 4).

Comparison of other postoperative indicators
between the two groups of patients

At 6 months postoperatively, the observa-
tion group demonstrated significantly higher
implant stability quotient (ISQ), bone mineral
density (BMD), and patient satisfaction scores
(all P<0.05), alongside lower VAS scores and
shorter swelling duration (both P<0.05) (See
Table 5 and Figure 2).

Comparison of postoperative quality of life be-
tween the two groups

At 6 months post-surgery, the Oral Health
Impact Profile (OHIP-14) was used to assess
quality of life. The observation group had a sig-
nificantly lower total OHIP-14 score (15.2+2.8
vs. 24.1+3.5 points; t=13.567, P<0.001) than
the control group. The scores for functional
limitation, physiological pain, psychological dis-
comfort, physiological disorder, psychological
disorder, social disorder, and disability were
significantly lower in the observation group
than in the control group (all P<0.05), suggest-
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independent factors associated
with treatment effectiveness. After
adjusting for age, gender, bone defect type,
bone defect area, smoking history, comorbidi-
ties, and surgeon experience level, PRP treat-
ment remained the strongest independent
predictor of treatment success (aOR=3.82,
95% Cl: 2.15-6.79, P<0.001). Additionally, bone
defect area was identified as a negative inde-
pendent predictor (aOR=0.959, 95% Cl: 0.924-
0.995, P=0.027). Other variables did not rea-
ch statistical significance (all P>0.05). Detailed
results are presented in Table 7.

Discussion

Oral bone defects are a critical factor influenc-
ing the long-term stability and success of den-
tal implants [11, 12]. Platelet-rich plasma
(PRP), which is rich in growth factors that pro-
mote bone regeneration, has shown efficacy in
orthopedic applications [13, 14]. In this study,
multivariate logistic regression analysis identi-
fied PRP treatment as an independent pre-
dictor of treatment effectiveness (aOR=3.82)
after adjusting for age, gender, bone defect
type and area, smoking, comorbidities, and
surgeon experience, further supporting its pro-
tective role in bone regeneration. The total
clinical effective rate was significantly higher in
the observation group than in the control group
after treatment with PRP combined with artifi-
cial bone powder. At the same time, the bone
tissue area, bone graft height, and bone thick-
ness were significantly better than those of the

Am J Transl Res 2026;18(10):9467-9475



PRP in oral implant bone regeneration

Table 5. Comparison of postoperative recovery parameters between the two groups (X % s)

Indicator Control group (n=85) Observation group (n=90)  tvalue  P-value
VAS score 3 days after surgery (points) 3.5+0.8 2.8+0.6 4.876 <0.001
Postoperative swelling duration (days) 5.2+1.5 3.5+1.2 6.123 <0.001

Patient satisfaction score (points)

84.3+6.8

92.5+5.6 6.567 <0.001

Note: VAS: Visual Analogue Scale.
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Figure 2. Comparison of ISQ and HU between the two
groups of patients. ISQ: Implant Stability Quotient;
HU: Hounsfield Unit. Data are presented as mean +
SD. ™"P<0.001 versus the control group.

Additional metrics
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control group, consistent with previous findings
[15].

The utility of PRP in oral implantology has been
previously documented [16]. This study show-
ed that the area of bone tissue, the height of
bone graft, and the thickness of bone forma-
tion in the observation group were significantly
higher than those in the control group. The
underlying mechanism is as follows: Compared
with pure artificial bone powder, PRP is rich in
platelet-derived growth factor (PDGF), trans-
forming growth factor-pB (TGF-B), vascular endo-
thelial growth factor (VEGF) and other growth
factors that act synergistically on the bone
defect to promote osteoblast proliferation, dif-
ferentiation, and angiogenesis, thereby accel-
erating the process of bone healing. In addi-
tion, PRP not only provides bone conduction
scaffolds but also exerts osteoinductive activi-
ty, thereby more effectively promoting new
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bone formation. Similar conclusions have been
made in the past [17]. At the same time, there
was no significant difference in the area of
connective tissue and the residual area of arti-
ficial bone powder between the two groups,
suggesting that the addition of PRP did not
increase the proliferation of connective tissue
or the residual area of artificial bone powder,
and thus had good biocompatibility.

Previous literature has confirmed that the
recent degree of pain and long-term indicators
can reflect the therapeutic effect [18, 19]. At
the same time, the results of this study showed
that the bleeding index, probe depth and
attachment loss in the observation group were
significantly lower than those in the control
group. The reasons are as follows: growth fac-
tors in PRP can promote soft tissue healing
and angiogenesis, reduce postoperative in-
flammatory response, and thus improve the
quality of local tissue healing [20]. At the same
time, the anti-inflammatory effect of PRP can
reduce the swelling and bleeding of gingival
tissue and promote the regeneration and re-
pair of periodontal tissue [21]. In addition, the
VAS score at 3 days after operation and the
duration of postoperative swelling in the obser-
vation group were significantly shorter than
those in the control group, which further con-
firmed that PRP has the clinical advantages
of reducing postoperative pain and swelling,
which may be related to the growth factors in
PRP promoting tissue repair and reducing the
release of inflammatory mediators. Similar
studies have been reported in the past [22].

Previous studies have confirmed that implant
stability and bone mineral density are impor-
tant factors in evaluating implant success and
long-term survival of implants [23]. The results
of this study showed that the implant stability
coefficient and bone mineral density of the
observation group were significantly higher
than those of the control group. The potential
mechanisms are as follows: PDGF and TGF-3 in
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Table 6. Comparison of postoperative quality of life between the two groups (OHIP-14 score, points,

X £5s)

Dimension Control group (n=85)  Observation group (n=90) tvalue P-value
Functional limitation 3.810.6 2.5+0.5 11.234 <0.001
Physical pain 4.2+0.7 2.840.6 10.567 <0.001
Psychological discomfort 3.5+0.8 2.2+0.5 9.876 <0.001
Physical disability 3.6+0.7 2.4+0.6 9.123 <0.001
Psychological disability 3.2+0.8 2.0+£0.5 8.456 <0.001
Social disability 3.0+0.7 1.8+0.4 10.234 <0.001
Handicap 2.8+0.6 1.5+0.4 12.345 <0.001
Total score 24.1+3.5 15.242.8 13.567 <0.001
Table 7. Multivariate analysis of factors affecting treatment effectiveness

Variable B SE Wald x? aOR 95% Cl P-value
PRP treatment (Observation vs. Control) 1.341 0.294 20.83 3.82 2.15-6.79 <0.001
Age (per 1-year increase) -0.015  0.022 0.46 0.985 0.943-1.029 0.497
Gender (Male vs. Female) 0.287 0.318 0.81 1.33 0.713-2.48 0.369
Bone defect type (Complex vs. Simple)t -0.524  0.309 2.88 0.592 0.323-1.085 0.090
Bone defect area (per 1 mm? increase) -0.042  0.019 4.89 0.959 0.924-0.995 0.027
Smoking history (Yes vs. No) -0.613 0.358 2.93 0.542 0.269-1.092 0.087
Comorbidities (Yes vs. No)t -0.439 0.342 1.65 0.645 0.330-1.260 0.199
Surgeon experience (Senior vs. Junior) 0.357 0.325 1.21 1.43 0.756-2.71 0.272

Note: aOR: adjusted Odds Ratio; 95% Cl: 95% Confidence Interval. tBone defect type was categorized as complex (e.g., commi-
nuted, segmental, or articular involvement) vs. simple (e.g., transverse, oblique, or isolated cortical defect). The specific clas-
sification criteria should be described in the Methods section. $Comorbidities included underlying systemic diseases such as
diabetes mellitus, hypertension, cardiovascular disease, and/or osteoporosis. Details of the included conditions are provided

in the Methods section.

PRP can synergistically promote the recruit-
ment and proliferation of osteoblasts and
increase bone matrix deposition, thereby in-
creasing bone mineral density. At the same
time, VEGF can promote the formation of new
blood vessels, improve the blood supply in the
bone defect area, provide sufficient nutrition
and oxygen for bone healing, and enhance the
bonding strength between the implant and
bone tissue [24]. In addition, the results of this
study showed that the satisfaction score of
patients in the observation group was signifi-
cantly higher than that in the control group,
again suggesting that PRP treatment improv-
ed the subjective satisfaction of patients by
increasing the clinical treatment effect, which
was consistent with the previous research
results [25].

Previous studies mostly used changes in quali-
ty of life to assess the effectiveness of treat-
ment [26]. The results of this study showed
that the total score of OHIP-14 in the observa-
tion group was significantly lower than that in
the control group, and the scores of each
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dimension were significantly better than those
in the control group. The reasons are as fol-
lows: the patients in the observation group had
ideal bone regeneration after PRP treatment,
and the stability of the implant promoted the re-
covery of chewing function, thus improving the
daily diet of the patients. In addition, the post-
operative pain degree and swelling time of the
observation group were lower than those
of the control group, which finally reduced the
discomfort and psychological burden of the
patients and improved the quality of life of the
patients. Treatment safety is a fundamental
consideration in clinical practice [27]. Finally,
the results of this study showed that the to-
tal incidence of complications in the observa-
tion group was lower than that in the control
group. The reasons are as follows: the growth
factors in PRP have anti-inflammatory and anti-
bacterial properties, which can reduce the risk
of postoperative infection; at the same time,
PRP promotes rapid healing of soft tissue and
reduces bacterial invasion, thereby reducing
the incidence of peri-implantitis [28]. In addi-
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tion, PRP is derived from the patient’s own in
promoting new bone formation, reducing bone
resorption, thereby reducing bone resorption-
related complications and rejection.

Several limitations of this study warrant con-
sideration. First, the retrospective design in-
herently carries risks of selection and informa-
tion bias. Although we adjusted for multiple
potential confounders (age, gender, bone de-
fect type and area, smoking, hypertension and
diabetes, and surgeon level) in multivariate
models, residual confounding from unmea-
sured variables cannot be entirely excluded,
and causal inferences should be drawn cau-
tiously. Additionally, outcome assessors were
not blinded due to the retrospective nature of
this study, which may have introduced detec-
tion bias. Second, this single-center study had
a relatively limited sample size (175 cases),
which precluded robust stratified analyses by
bone defect size, location, or etiology, and
may limit the generalizability of our findings.
Larger multicenter prospective studies are
needed for validation. Although we have cor-
rected the sample size reporting in all tables
to reflect the full analysis set of 175 patients,
the relatively high number of patients with
incomplete data remains a concern; we have
added a patient flow diagram (Figure 1) to
enhance transparency. Third, the 6-month fol-
low-up was insufficient to assess long-term
outcomes such as implant survival rates or
long-term bone resorption. Extended follow-up
is required. Fourth, we did not measure speci-
fic growth factor concentrations in PRP or per-
form histological analyses, which limits mech-
anistic exploration. Future studies incorporat-
ing these objective indicators are needed to
clarify the biological pathways underlying PRP-
facilitated bone regeneration. Additionally, the
lack of a standardized PRP preparation proto-
col may have introduced treatment variability.
Furthermore, although we have now specified
the brands and types of materials used (Bio-
Oss® artificial bone powder, Bio-Gide® barrier
membrane, and Straumann® implant system)
in the Methods section, the use of a single
product line may limit the generalizability of
our findings to other biomaterials. Despite
these limitations, our findings provide prelimi-
nary real-world evidence supporting the clini-
cal utility of PRP in oral implant bone regenera-
tion, demonstrating significant improvements
in bone regeneration parameters and a reduc-
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tion in complication rates, warranting further
rigorous investigation. In conclusion, the com-
bination of PRP and artificial bone powder sig-
nificantly enhances bone regeneration in oral
implantology, leading to improved clinical out-
comes, implant stability, and patient quality of
life, while reducing postoperative complica-
tions.
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