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Abstract

Background This systematic review and meta-analysis aimed to evaluate the factors influencing and success rates of
dental implants for functional and dental rehabilitation following microvascular fibula flap reconstruction in the maxil-
lomandibular region.

Main text We conducted a comprehensive search of electronic databases, including MEDLINE, Web of Science,
Embase, Scopus, and Cochrane’s CENTRAL, as well as gray literature sources and manual searches of notable journals.
The search was performed from inception until February 2023. Studies were included if they examined functional and
dental rehabilitation outcomes in patients receiving maxillofacial reconstruction using microvascular fibula flaps and
were retrospective or prospective cohort studies involving human subjects. Case—control studies, research involving
other reconstruction methods, and animal-based studies were excluded. Data was extracted and confirmed by two
independent researchers, and risk of bias was assessed using the Newcastle—Ottawa Scale. Meta-analyses were con-
ducted for dental implant and graft success rate, with separate analyses for different factors affecting the outcome.
Heterogeneity was evaluated using Cochran’s Q test and the * test. The pooled success rate for implants was 92% and
for grafts, 95%, with significant heterogeneity. Implants in fibular grafts had a 2.91 times higher failure rate than those
in natural bones. Radiated bone and smoking were identified as factors influencing implant failure, with radiated
bone having a 2.29 times higher risk and smokers having a 3.16 times higher risk compared to their respective coun-
terparts. Patient-reported outcomes showed improvements in key areas such as dietary intake, mastication, speech,
and esthetics. The success rates declined over time, emphasizing the importance of long-term follow-up.

Conclusions Dental implants in free fibula grafts generally have favorable success rates, with minimal bone resorp-
tion, manageable probing depths, and limited bleeding on probing. Implant success is influenced by factors such as
smoking and radiated bone.
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Background

Maxillofacial defects can have a profound impact on
a patient’s quality of life, affecting essential functions
such as mastication, speech, articulation, and swallow-
ing, as well as facial esthetics and symmetry [1]. These
defects may result from various causes, including con-
genital abnormalities, traumatic injuries, or the surgical
removal of tumors in the head and neck region [2]. The
consequences of these defects extend beyond physi-
cal impairments, as they can also significantly impact
a patient’s psychosocial well-being, leading to issues
with self-esteem, social interaction, and overall mental
health [1].

Several methods have been developed for the treat-
ment and reconstruction of maxillofacial defects. These
techniques include the use of autologous bone grafts,
vascularized free flaps, and alloplastic materials [3, 4].
Autologous bone grafts, such as rib and tibia grafts or
iliac crest and tibia grafts, can be combined with recon-
struction plates for mandibular reconstruction [5]. Vas-
cularized free flaps, particularly the free fibula flap (FFF),
have gained popularity in recent years due to their poten-
tial for successful osseointegration and their ability to
provide a robust and reliable source of bone for recon-
struction [6]. Additionally, alloplastic materials, such as
titanium plates and mesh, can be used to provide struc-
tural support and facilitate bone regeneration in cases
where autologous grafts or flaps may not be suitable [7].

The choice of reconstructive technique is often deter-
mined by several factors, including the size and location
of the defect, patient comorbidities, and the availability of
donor tissue. A multidisciplinary team approach is cru-
cial for achieving optimal outcomes in the management
of maxillofacial defects, involving collaboration between
oral and maxillofacial surgeons, prosthodontists, oncolo-
gists, and other healthcare professionals [8].

Following successful reconstruction of the mandible,
dental rehabilitation is essential for restoring function
and esthetics [9]. Dental implant systems offer numerous
benefits, including the restoration of chewing ability, cos-
metic appearance, jawbone preservation, and prevention
of bone loss [10]. The integration of dental implants in
reconstructed mandibles has been shown to provide sat-
isfactory results [11-14].

Despite the advancements in reconstructive techniques
and the potential benefits of dental implant systems, fur-
ther research is needed to fully understand the long-term
functional outcomes and dental rehabilitation success in
patients who have undergone maxillofacial reconstruc-
tion using various techniques, including microvascular
fibula flaps. By identifying best practices and poten-
tial areas for improvement, clinicians can continue to
refine their approach to the management of maxillofacial
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defects, ultimately enhancing patients’ quality of life and
overall well-being.

Therefore, in this systematic review and meta-analysis,
we will examine the available literature, including rand-
omized controlled trials, cohort studies, and case series,
to assess the efficacy of dental implants and temporo-
mandibular joint function in patients who have under-
gone maxillofacial reconstruction with FFFs. The primary
outcome measures will include implant survival rates,
implant-related complications, and functional outcomes,
such as masticatory performance, speech intelligibility,
and swallowing ability. Additionally, secondary outcome
measures will focus on patients’ psychosocial well-being
and quality of life.

Furthermore, we will explore potential factors that may
influence the success rate of dental implants and tempo-
romandibular joint function in patients with FFFs. These
factors may include the type and extent of the man-
dibular defect, the timing of implant placement, patient
demographics, and the presence of any comorbidities.

Materials and methods

Review strategy and study registration

Our systematic review and meta-analysis are conducted
in accordance with the Cochrane Handbook Guidelines
for Systematic Reviews of Interventions and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [15].

Focus question

The PICO framework for this investigation includes the
following: the study population consisting of patients
receiving maxillofacial reconstruction via microvascular
fibula flaps; the intervention examining dental implant
application and evaluation of temporomandibular
joint functionality; comparisons made with alternative
approaches to maxillofacial reconstruction, such as iliac
crest or other grafts, and varying grafting time frames
and patient comorbidities; and assessed outcomes,
encompassing functional and esthetic results, and long-
term implant and reconstruction stability and success.

Information sources and search approach

We performed an exhaustive search of electronic data-
bases, including MEDLINE, Web of Science, Embase,
Scopus, and Cochrane’s CENTRAL, from their incep-
tion until February 2023. Additionally, we investigated
gray literature sources like trial registrations, conference
proceedings, and dissertations using search terms such
as “maxillofacial reconstruction,” “fibula flap,” “dental
implant,” and “temporomandibular joint function” Man-
ual searches of notable journals related to maxillofacial
reconstruction with IF>1 were also carried out. The
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search strategy was tailored for each specific database. A
summary of the search strategies and the total number of
studies retrieved are provided in Table 1.

Eligibility criteria and study selection

For this systematic review and meta-analysis, we estab-
lished the following inclusion criteria: (1) studies exam-
ining the functional and dental rehabilitation outcomes
in patients receiving maxillofacial reconstruction using
microvascular fibula flaps, (2) retrospective or prospec-
tive cohort study designs, and (3) human subjects as the
study population.

Exclusion criteria were defined as follows: (1) case—
control studies, (2) research involving patients with other
types of reconstruction methods not related to microvas-
cular fibula flaps, and (3) animal-based studies.

Two review authors (H. M., S. S.) independently
screened the titles and abstracts of search results to iden-
tify relevant studies, considering the PICO question and
the established inclusion and exclusion criteria. Irrel-
evant studies were excluded from the review, and the
rationale for their exclusion was documented. In cases of
disagreement between the authors, a third author (A. T.)
was consulted for resolution. The full texts of potentially
relevant articles were further evaluated, with those not
adhering to the PICO framework or the inclusion and
exclusion criteria being eliminated and reasons for their
exclusion provided.

Data items and collection process

One researcher (H. M.) extracted data from the selected
articles, while another researcher (S. S.) confirmed the
accuracy of the data extraction. Information of inter-
est included the study authors’ names, publication year,

Table 1 Custom search strategy for each database
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study type (retrospective or prospective cohort), the
number of patients in treatment and control groups,
patients’ average age, participants’ gender, study dura-
tion, inclusion and exclusion criteria, characteristics of
fibula flap reconstruction, time intervals between defect
and graft, the cause of the defect (congenital abnor-
malities, traumatic injuries, or surgical removal), dental
implant properties, and outcomes such as implant stabil-
ity and success, temporomandibular joint function evalu-
ations, and functional and esthetic outcomes. This data
was recorded using previously piloted forms. Table 2
contains a summary of the data related to the relevant
studies.

Assessing risk of bias

Since most studies included in our review were retro-
spective or prospective cohort studies, we evaluated their
risk of bias using the Newcastle-Ottawa scale (NOS) for
cohort studies. This scale rates studies based on selection,
comparability, and outcome assessment. The results of
this assessment are tabulated in Table 3.

Synthesis of the summary measures
The data from the chosen articles were considered suit-
able for meta-analysis if the therapeutic interventions
were analogous and the outcomes were comparable. The
pooled graft and implant success rate were performed by
calculating the standard error for each study using the
success rate and the number and then pooling the results.
Also, the effects of different factors (like radiation and
smoking) on the implant failure were calculated using
risk ratio.

Separate meta-analyses were performed for dental
implant outcomes and graft survival assessments, as well

Databases Search strategy used

Hits

MEDLINE via PubMed

(microvascular OR composite flap OR microvascular transplant) AND (Fibula) AND (maxillofacial OR oral cavity) 395

Web of Science Core Collection  ((ALL=(microvascular OR composite)) AND ALL = (fibula)) AND TS = (oral OR maxillofacial OR mandib? OR 353
maxill?)

Embase #1 'microvascularization’/exp OR 'microvascularization’ OR ‘composite flap’/exp OR ‘composite flap' 3768 26
#2 (fibula’/exp OR ‘fibula’ OR fibular) 24239
#3 'mouth cavity’/exp OR 'mouth cavity’ OR 'maxillofacial injury’/exp OR ‘maxillofacial injury’ 109794
#4 #1 AND #2 AND #3

Scopus ALL (' microvascular OR composite) AND TITLE-ABS-KEY ( fibula) AND TITLE-ABS-KEY ( maxillofacial AND injury 287

OR maxillofacial AND trauma OR maxillofacial AND reconstruction)

#1 microvascular anastomosis 62

#2 microvascular 4444

#3 fibular 326

#4 maxillofacial 5248

#5 oral 239600

#6 (#1 OR #2) AND #3 AND (#4 OR #5)4

Cochrane Central Register of
Controlled Trials

Total

1065
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S Reports of included studies
£ (n=18)
—

Fig. 1 PRISMA 2020 flow diagram

as different factors, to account for the diverse treatment
approaches, comparison groups, and assessment time-
lines. Cochran’s Q test evaluated heterogeneity between
studies, and the I? test measured the extent of inconsist-
ency in pooled calculations resulting from study hetero-
geneity. I* values below 30% indicate low heterogeneity,
values between 30 and 70% show moderate heterogeneity,
and values above 70% represent significant heterogeneity.

Pooled implant and graft success rate were calculated
using Stata 17 (StataCorp, TX, USA), and other analyses
were performed using Review Manager 5.4 (Cochrane
Collaboration, Denmark) software. A p-value of 0.05
was considered significant for hypothesis testing, while a
p-value of 0.1 was employed for heterogeneity due to low
power.

Results

Study selection

After eliminating duplicate entries, 769 articles were
identified through the search approach. A thorough
assessment of titles and abstracts led to the exclusion of
730 articles, leaving 39 articles with potential relevance.
Four studies emerged from the gray literature search, but
only two met the criteria for inclusion. The 39 full-text
articles from databases underwent a screening process
based on predetermined inclusion and exclusion parame-
ters. Upon examining the reference lists of these articles,

six more studies were added. In the end, 18 studies met
the criteria and were incorporated into the review, while
31 were dismissed after a full-text evaluation. A diagram
illustrating the sequence of study identification, inclu-
sion, exclusion, and the reasons for their exclusion can be
found in Fig. 1.

Study characteristics

The systematic review encompassed 18 studies, with 17
being retrospective [12—14, 16—-28, 30] and one prospec-
tive cohort study [29]. In total, 774 patients (445 males,
252 females, and 77 unreported) were involved, and 1988
dental implants were used in free fibula grafts. These
studies took place between 2006 and 2022, while patient
treatments occurred from 1992 to 2019. Six studies
focused solely on mandibular defects [18, 19, 23, 26, 27,
29], while the others examined both maxillary and man-
dibular resections. Additionally, four studies assessed
implants placed in natural bones [12, 21, 25, 26], and
three studies compared implant success rates across dif-
ferent graft types [14, 20, 30], such as scapula, DCIA, and
MEC, alongside free fibular grafts.

Bone resections were performed due to head and neck
neoplasia (both malignant and non-malignant), osteomy-
elitis, and osteoradionecrosis resulting from radiotherapy
for malignant tumors. Sixteen studies evaluated implant
success in free fibular grafts, while seven studies also
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Effect size Weight
Study with 95% Cl (%)
Ariga 2017 1007098, 1.02] 7.04
Attia 2018 —— 0.91[0.87, 0.95] 6.58
Bodard 2008 —a— 0.80[0.72, 0.88] 5.23
Bodard 2015 —Jl— 097[093, 1.01] 658
Burgess 2016 —— 0.93[0.89, 0.97] 6.58
Ch'ng 2014 — 0.91[0.87, 0.95] 6.58
Chiapasco 2006 - 098[096, 1.00] 7.04
De Santis 2006 B 1.00[098, 1.02] 7.04
Gbara 2007 —Jll— 0971093, 1.01] 658
Goker 2020 _ 0.79[0.67, 0.91] 3.89
Khadembashi 2020 —I— 0.86[0.80, 0.92] 5.94
Kniha 2017 —Jl—098[0.94, 1.02] 6.58
Lodders 2021 —}— 0.82[0.76, 0.88] 5.94
Menapace 2018 —— 0.92[0.88, 0.96] 6.58
Parbo 2013 —Jl— 096[0.92, 1.00] 6.58
Pellegrino 2018 e 0.79[0.71, 0.87] 5.23
Overall - 0.92[0.89, 0.95]

Heterogeneity: 1° = 0.00, I° = 93.01%, H’ = 14.31
Test of 6, = 6; Q(15) = 130.78, p = 0.00
Testof 8 =0:z=52.70, p =0.00

Random-effects REML model

Fig. 2 Forest plot for pooled success rate of implants in free fibula flap graft

measured the success rate of the grafts themselves [13,
16, 17, 22, 23, 25, 27]. Other outcomes, including patient-
reported measures (function, comfort, esthetics) and
factors affecting implant success rate (tobacco use, radia-
tion before or after implant placement, age, and implant
placement timing), were also documented in the studies.
A summary of the study characteristics can be found in
Table 2.

Risk of bias

Upon evaluating the 18 studies using the NOS, the risk of
bias was found to be diverse, with final assessment scores
ranging from 5 to 9. The studies exhibited a mix of meth-
odological quality, which should be taken into account
when interpreting the results.

Out of the 18 studies, eight included control groups
[12, 14, 20, 21, 25, 26, 28, 30], facilitating more robust
comparisons and outcome evaluations. In contrast, some
of the remaining 10 studies without control groups had
limited generalizability and introduced bias into their
results. Selection and recall biases were notably prevalent
in some of the retrospective studies, especially those con-
ducted by De Santis et al. and Parbo et al. [13, 23]. The
risk-of-bias assessment for all the studies can be found in
Table 3.

Data synthesis

Meta-analyses were conducted to determine the suc-
cess rates of implants and grafts, as well as the impact of
smoking and radiotherapy on implant success. However,
due to variations in intervention methods and outcome
measures, meta-analyses for patient-reported outcomes,
radiographical assessments, and the effects of malignan-
cies and hyperbaric oxygen therapy (HBO) on implant
success were not possible.

Regarding implant success, the analysis included 16
studies and 1905 implantations in 745 free fibula grafts
that were evaluated for at least 2 years. The pooled suc-
cess rate was found to be 92% (CI=0.89-0.95) but with
significant heterogeneity (?=93%) (Fig. 2). For graft
success, the analysis of 174 grafts showed a success rate
of 95% (CI=0.92-0.99), but with high heterogeneity
(> =95%) (Fig. 3).

A comparison of the risk of implant failure in fibular
grafts and other bones was also conducted, based on
three studies and 1390 implants. The results showed
that implants in fibular grafts have a 2.91 times higher
failure rate than those in natural bones, which was sta-
tistically significant (CI=1.76-4.83, p<0.001). This
analysis showed homogeneity in the results (I*=0%).
However, when comparing the risk of implant failure
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Effect size Weight
Study with 95% ClI (%)
Ariga 2017 —Jl— 1.00[0.96, 1.04] 13.00
Attia 2018 1 0.97[0.95, 0.99] 14.50
Chiapasco 2006 —- 0.94[0.92, 0.96] 14.50
De Santis 2006 B 1.00[0.98, 1.02] 14.50
Goker 2020 - = 0.85[0.83, 0.87] 14.50
Menapace 2018 1+ 0.95[0.93, 0.97] 14.50
Parbo 2013 -1+ 0.97[0.95, 0.99] 14.50
Overall —~al— 0.95[0.92, 0.99]
Heterogeneity: 1° = 0.00, I* = 95.65%, H’ = 22.98
Test of 6 = 6;: Q(6) = 140.16, p = 0.00
Testof 6 =0:z=49.13, p = 0.00
.85 9 .95 1 1.05
Random-effects REML model
Fig. 3 Forest plot for pooled success rate of free fibula flap grafts
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
2.1.1 Natural Bone
Ch'ng 2014 20 243 22 889 26.3% 3.33[1.85,5.99] e
Goker 2020 8 40 0 16 2.0% 7.05[0.43,115.40) >
Lodders 2021 29 161 4 41 17.8% 1.85[0.69, 4.96) S S
Subtotal (95% Cl) 444 946 46.1%  2.91[1.76,4.83] <Sp
Total events 57 26
Heterogeneity: Chi*=1.40, df= 2 (P = 0.50); F= 0%
Test for overall effect. Z=4.15 (P < 0.0001)
2.1.2 Other Microvascular Grafts
Burgess 2016 8 96 3 91 8.6% 2.53[0.69, 9.23] I B T —
Khadembashi 2020 21 150 15 168 39.4% 1.57(0.84, 2.93] T
Kniha 2017 1 58 2 51 59% 0.44[0.04, 4.71)
Subtotal (95% Cl) 304 310 53.9%  1.60[0.93,2.74] s
Total events 30 20
Heterogeneity: Chi*=1.62, df=2 (P = 0.44); F=0% [ t t |
0.01 0.1 10 100

Test for overall effect. Z=1.70 (P = 0.09)

Favours [Fibula_Graft] Favours [Other Bones)

Fig. 4 Forest plot for risk ratio of implant failure between fibula graft and natural bone/between fibula graft and other graft types

in free fibular grafts with other grafts, no statistically
significant difference was found (Fig. 4).

Furthermore, a meta-analysis was conducted to
examine factors influencing implant failure. The analy-
sis of five studies with 818 implants (380 in radiated
bone and 438 in surrounding healthy bone) showed
that radiated bone had a 2.29 times higher risk of fail-
ure than unradiated bone, which was statistically sig-
nificant (C/=1.07-3.98, p=0.03). Similarly, smokers
had a 3.16 times (C/=1.03-9.68, p=0.04) higher risk
of implant failure than nonsmokers, based on a com-
parison of 299 implants in smoking patients and 364
implants in non-smoking patients, which was also sta-
tistically significant (Fig. 5).

Discussion
Summary of results
The meta-analyses results determined that the pooled
success rate for implants was 92% and for grafts, 95%,
though both had significant heterogeneity. Implants in
fibular grafts had a 2.91 times higher failure rate than
those in natural bones, which was statistically significant.
However, no significant difference was found when com-
paring free fibular grafts with other grafts. Additionally,
radiated bone and smoking were identified as factors
influencing implant failure, with radiated bone having
a 2.29 times higher risk of failure and smokers having
a 3.16 times higher risk compared to their respective
counterparts.

Meta-analyses for patient-reported outcomes, radio-
graphical assessments, and the effects of malignancies
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With Factor ~ Without Factor Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Smoking
Burgess 2016 9 115 2 84 8.6% 3.29[0.73,14.82)
Ch'ng 2014 9 98 11 145 15.0% 1.21[0.52, 2.81] B
Goker 2020 1 2 1 85  4.4% 42.50([3.89, 464.30) S
Lodders 2021 13 84 3 50 11.1% 2.58(0.77, 8.61) e
Subtotal (95% Cl) 299 364 39.1% 3.16 [1.03, 9.68] et T
Total events 32 17
Heterogeneity: Tau®= 0.78; Chi*=8.16, df=3 (P = 0.04); F=63%
Test for overall effect: Z= 2.02 (P = 0.04)
2.2.2 Radiation
Burgess 2016 710 4 98 11.1% 1.70[0.51,5.62) T -
Ch'ng 2014 15 163 5 80 13.5% 1.47 [0.55, 3.91] —
Goker 2020 0 33 2 54  3.0% 0.32[0.02,6.54] ¢
Lodders 2021 22 47 12 134 17.8% 5.23(2.81,9.72) T
Pellegrino 2018 9 36 10 72 155% 1.80 [0.80, 4.03] b P LT
Subtotal (95% Cl) 380 438 60.9% 2.15[1.07, 4.33] e
Total events 53 33 , , ) , , )
Heterogeneity: Tau®= 0.33; Chi*=9.30, df=4 (P = 0.05); F=57% 01 0.2 05 1 2 5 10

Test for overall effect: Z=2.16 (P = 0.03)

Favours [Favor] Favours [control)

Fig.5 Forest plot for risk ratio of implant failure between the smoking and control group/radiotherapy and control group

and HBO on implant success were not possible due to
variations in methods and measures.

In the studies reviewed, various assessments were
conducted to evaluate implant success, such as X-ray
evaluations, bleeding on probing, and pocket depth
measurements.

Attia et al’s radiographic evaluation reported that 93
implants exhibited<1 mm of bone resorption, 11 had
1-2 mm, and 14 showed >3 mm. Their probing depth
measurements revealed normal depths (1.0-4.0 mm) in
111 implants and 5.5 mm in 7 implants. Additionally,
they found no sign of bleeding in 88 implants during the
bleeding on probing assessment [17].

De Santis et al’s X-ray evaluation indicated low bone
resorption (1-2 mm below the head of the implant) after
1 year, although a specific percentage was not provided
[23].

Gbara et al. observed that crestal bone resorption was
less than 1 mm in 62 implants (53%), 1 to 2 mm in 35
implants (29.9%), and greater than 3 mm in 20 implants
(17%). They reported no pathological probing depths
in 93 of 121 implants, with depths ranging from 2 to
3 mm. Their sulcus bleeding index averaged 0.78, with 20
implants showing probing depths of 4 to 6 mm and an
average sulcus bleeding index of 1.8. In 4 implants, prob-
ing depths exceeded 7 mm, with an average sulcus bleed-
ing index of 3.5.

Pellegrino et al. reported bone resorption ranging from
0.5 to 8.1 mm (mean 2.2+1 mm) at the 10-year follow-
up, without providing a percentage. Their pocket depth
measurements ranged from 2 to 9 mm, with a mean of
3.8+2 mm [24].

These findings suggest that implant success in fib-
ula free flaps is generally favorable, with minimal bone
resorption, manageable probing depths, and limited
bleeding on probing.

For patient-reported outcomes of functional rehabili-
tation after graft and implant placement, several stud-
ies have reported varying degrees of improvement in
key areas such as dietary intake, mastication, speech,
and esthetics. Ariga et al. observed improvements in
dietary intake, mastication, and speech, along with high
satisfaction regarding esthetics for the majority of their
patients [16]. Similarly, Bodard et al. reported prosthe-
sis satisfaction in most cases, with esthetic and dietary
improvements observed more frequently in patients
with fixed prostheses compared to removable dentures
[19]. Furthermore, Lodders et al. found that functional
dental rehabilitation was achieved for a majority of their
patients, though patients with irradiated FFFs experi-
enced slightly lower success rates [12].

Another study by Lodders et al. evaluated patient-
reported scales for quality of life and functional rehabili-
tation, finding better emotional functioning, cognitive
functioning, speech, mastication, speech, and reduced
diarrhea for patients with implant dental rehabilitation
(IDR) compared to those without [26]. Menapace et al.
reported that patients in the primary implantation group
experienced a shorter timeframe for nasogastric tube
removal and had better oral competence and speech out-
comes than those in the secondary implantation group
[27]. However, these differences were not statistically sig-
nificant and could be attributed to multiple factors. Over-
all, these studies indicate that functional rehabilitation
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outcomes can vary but generally show improvement in
key areas such as dietary intake, mastication, speech, and
esthetics following graft and implant placement.

Factors influencing the success rate

The impact of smoking on implant success warrants
further discussion, particularly when comparing active
smokers and ex-smokers. Burgess et al. found that both
ex-smokers and active smokers had lower survival rates
(78% and 72%, respectively) compared to nonsmokers
(94%) [20]. This suggests that even ex-smokers may be at
a significantly higher risk of implant failure compared to
nonsmokers which is similar to the results of graft suc-
cess rate in the Chen et al. study [31]. Consequently, it
is important to consider patients’ smoking history before
graft and implant procedures and to provide additional
interventions aimed at increasing implant success for
these higher-risk individuals.

Furthermore, differences in the effects of radiation
before and after implant placement should be consid-
ered. Ch'ng et al. demonstrated that preoperative radia-
tion resulted in a lower survival rate (92%) compared to
postoperative radiation (96.8%) [21]. Studies by Khadem-
bashi et al. and Kniha et al. also found that pre-implant
radiation significantly reduced implant success rates
compared to those irradiated after implant placement
[14, 30]. This is consistent with findings from other stud-
ies on implantation and radiotherapy in natural bone
[32]. Some authors, such as Pompa et al. and Laverty
et al, recommend implant insertion before radiation
therapy to allow initial osseointegration to occur before
irradiation, thus reducing the risk of late complications
[33, 34]. Moreover, Lodders et al’s study found that all
the implants in actively smoking patients who underwent
radiation failed, indicating that a combination of these
risk factors may further exacerbate implant failure rates
and emphasizing the need for careful patient selection
and management in these cases [12].

Another aspect to consider is the difference in out-
comes between primary and secondary reconstruction.
Primary reconstruction refers to grafting performed
immediately after the ablation of pathological bone, while
secondary reconstruction occurs at a later time and in a
separate surgery following the initial ablation. In the Chi-
apasco et al. study, no significant differences were found
between these two methods in terms of implant success
rates. However, it is important to note that the number of
patients with secondary reconstruction in this study was
relatively low (17), which may limit the conclusiveness of
the findings [22].

The effects of various factors such as age, sex, alco-
hol consumption, and diabetes on implant success
rates should also be considered. Khadembashi et al.

(2023) 45:24
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found that increasing age and male gender increased
the risk of implant failure, while Ch'ng et al. discov-
ered that the success rate of implants in patients over
65 years of age was lower, although not statistically
significant [14, 21]. Studies on implant outcomes in
native bone have also reported mixed findings regard-
ing the impact of age on implant failure [35]. Regard-
ing alcohol consumption, Lodder et al. found no
statistically significant differences between alcohol
consumption and implant or graft failure. As for dia-
betes, Ch'ng et al. observed that in patients with con-
trolled diabetes, there were no significant differences
between the implant success rates of diabetic (96%)
and nondiabetic patients (97%) [21].

HBO has been proposed as a potential method for
improving implant success rates, particularly in patients
with compromised healing conditions [36]. HBO involves
the administration of 100% oxygen at pressures greater
than atmospheric pressure, typically between 2 and
2.5 atmospheres absolute. This treatment increases the
amount of dissolved oxygen in the bloodstream, which
can enhance tissue oxygenation, reduce edema, and
promote angiogenesis [37]. These physiological effects
may contribute to improved healing and, consequently,
increased implant success rates.

Several studies have reported positive outcomes
when using HBO as an adjunctive therapy in dental
implant procedures, particularly in patients who have
undergone radiotherapy or have other risk factors
that impair healing. HBO has been shown to improve
bone quality, soft tissue healing, and implant osseoin-
tegration in these patients, leading to better overall
success rates [38, 39]. Furthermore, HBO may reduce
the risk of osteoradionecrosis in patients who have
undergone radiotherapy. In our review study, two stud-
ies by Lodders et al. and Parbo et al. utilized HBO in
all of their patients who had undergone radiotherapy
[12, 13]. Despite the use of HBO therapy, these stud-
ies still found significant differences in the success
rates between radiated and non-radiated implants.
This observation suggests that HBO might not be as
essential in implant success rates as some other stud-
ies claim. However, since all the radiated patients in
these studies underwent HBO therapy, it is impossible
to fully assess the effects of this treatment on radiated
free fibula graft patients.

Nonetheless, HBO therapy could still be suggested
as a possible intervention for patients with risk factors,
particularly those who have undergone radiotherapy. It
is important to note that the results from these studies
should not be taken as definitive evidence against the
benefits of HBO therapy but rather an indication that
further research is needed.
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In our review and meta-analysis, all the included stud-
ies had a follow-up period of at least two years after load-
ing the implants. A notable observation across these
studies was the considerable drop in implant success
rates over time. For example, in the study by Khadem-
baschi et al., the success rate of FFF implants was 93% at
1-year, 90% at 2-year, 86% at 5-year, 83% at 7-year, and
69% at 9-year follow-up [14]. Similarly, in the Pellegrino
et al. study, the success rate for FFF implants was 97.2%
at 12-month follow-up, 86.5% at 60 months, and 79.3% at
120 months [28]. This decline in success rates highlights
the importance of long-term follow-up when evaluating
the effectiveness of dental implant procedures in free fib-
ula graft patients.

The drop in success rates could be attributed to vari-
ous factors such as aging, changes in health status, or the
long-term effects of radiotherapy, which might impact
the osseointegration and stability of the implants. Given
these findings, it is crucial for future studies to consider
the significance of long-term follow-up when assessing
the success of dental implants in free fibula graft patients.
Consistent monitoring and reporting of implant success
rates at different stages of the follow-up period can help
identify potential challenges and develop appropriate
interventions to address them.

And finally, in the prospective study by Zweifel et al.,
the authors investigated the precision of simultaneous
guided dental implantation in microvascular fibular flap
reconstructions with and without additional guiding
splints [29]. The study involved two groups: a trial group
using additional tooth-borne and plate-borne splints for
implant position and angulation verification and a con-
trol group following the standard preplanning protocol
without additional splints. With a total of 8 patients, the
results revealed that the average positioning error at the
bone level was lower in the trial group (0.9 mm) than
in the control group (1.3 mm). Similarly, the angulation
errors in both buccolingual and axial planes were gener-
ally lower in the trial group. The use of intraoral and/or
extraoral verification splints proved effective, with mini-
mal additional operating room time required. This study
underscores the potential benefits of employing addi-
tional guiding splints in dental implantation procedures
for microvascular fibular flap reconstructions.

Comparison with similar studies

There are other systematic reviews and meta-analysis to
evaluate the success rate of implants in free fibular grafts.
For example, Gangwani et al. assessed the success rate of
implants in 10 retrospective studies [40]. Gangwani et al’s
study reported a 94% success rate (C/=0.91 to 0.96) with
an annual implant failure rate of 0.02 (CI=0.01 to 0.03).
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Our study’s pooled success rate was 92% (C/=0.89-0.95)
for implant success and 95% (CI=0.92-0.99) for graft
success. We also investigated factors influencing implant
failure, such as radiotherapy and smoking, which Gang-
wani’s study did not address.

Our study, which included 18 studies with 16 of them
being part of the meta-analysis, provides a more com-
prehensive analysis compared to the systematic review
and meta-analysis by Gangwani et al,, which consisted
of 10 studies. Our analysis evaluated not only the success
rate of osseointegrated dental implants placed in fibula
free flaps but also the factors affecting the success rate.
In contrast, Gangwani et al. focused solely on the suc-
cess rate of dental implants in fibula free flaps using the
Albrektsson and colleagues’ criteria.

Furthermore, study done by Ardisson et al. focused on
the implant success rate after mandible reconstruction
with vascularized fibula bone grafts [41]. Their system-
atic review included 13 cohort studies which reported a
success rate of approximately 98% for fibular reconstruc-
tions and 92.6% for implants placed in vascularized fib-
ular grafts after a mean follow-up period of 40 months.
They also observed that implant survival in irradiated
patients was lower compared to nonirradiated patients,
but alcohol and tobacco use showed no significant asso-
ciation with implant failure.

Our success rate results are closely aligned with those
from the Ardisson et al. study, which reported a 95% graft
success rate and a 92% implant success rate. Both studies
found that radiotherapy negatively impacted the implant
success rate. However, our study identified a significant
difference in implant failure due to tobacco use, whereas
Ardisson et al’s study did not.

It is important to emphasize that Ardisson et al’s study
did not conduct a meta-analysis to evaluate the effects of
tobacco and radiation on implant failure. Instead, they
relied on a review of individual studies. In contrast, our
study utilized a meta-analysis approach to assess these
factors, providing a more rigorous and reliable assess-
ment. Furthermore, our study included a larger number
of studies (18), which adds to the robustness and reliabil-
ity of our findings. Consequently, our study offers a more
dependable evaluation of factors influencing implant suc-
cess, including tobacco use and radiation exposure.

Limitations and suggestions for further research
Limitations

High heterogeneity was observed in the meta-analyses
for both implant and graft success rates, which could
affect the reliability of the pooled success rates.
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The majority of the studies were retrospective, poten-
tially introducing biases such as selection and recall
biases.

Due to variations in intervention methods and outcome
measures, some meta-analyses (e.g., for patient-reported
outcomes and radiographical assessments) were not pos-
sible, limiting the comprehensiveness of the results.

Suggestions for further research

Future studies should focus on conducting prospective,
controlled trials to reduce biases and improve the quality
of evidence in this area.

Standardization of outcome measures and intervention
methods would facilitate more meaningful comparisons
and enable more comprehensive meta-analyses.

Researchers should investigate the long-term success
rates of implants and grafts in different patient popula-
tions, considering factors such as age, smoking history,
and radiation therapy status.

Further research should explore the relationship
between different implant and graft types and functional
rehabilitation outcomes, such as dietary intake, mastica-
tion, speech, and esthetics, to inform clinicians on the
best course of action for each patient.

Studies should examine the effectiveness of interven-
tions aimed at increasing implant success rates in higher-
risk individuals, such as smokers and those with a history
of radiation therapy.

Conclusion

In conclusion, this review and meta-analysis showed
the success rates of dental implants in free fibula grafts,
with pooled success rates of 92% for implants and 95%
for grafts. The results suggest that implant success in
fibula free flaps is generally favorable, with minimal bone
resorption, manageable probing depths, and limited
bleeding on probing. Patient-reported outcomes indicate
improvements in key areas such as dietary intake, masti-
cation, speech, and esthetics following graft and implant
placement.

Several factors were identified as influencing implant
success, including smoking, radiated bone, age, and gen-
der. It is crucial to consider these factors when selecting
patients for graft and implant procedures and to provide
additional interventions aimed at increasing implant suc-
cess for higher-risk individuals. The timing of radiation
therapy, primary vs. secondary reconstruction, and the
use of HBO therapy were also found to impact implant
success rates, warranting further investigation.

A decline in success rates over time highlights the
importance of long-term follow-up when evaluating
dental implant effectiveness in free fibula graft patients.
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Consistent monitoring and reporting of implant success
rates at different stages of the follow-up period can help
identify potential challenges and develop appropriate
interventions to address them.
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