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Abstract
Objectives  Up-to-date literature regarding long-term success of implant rehabilitations after microvascular reconstructions 
with free fibula flap (FFF) is still very scarce. This study aimed to evaluate clinical outcomes, especially related to oral 
hygiene conditions, of patients rehabilitated with this technique.
Materials and methods  A total of 25 patients who underwent maxillofacial reconstructive surgery with FFF were retro-
spectively evaluated for soft tissues conditions, oral hygiene habits, and implant survival and success, assessed with a mean 
follow-up of 6 (range 2–15) years after loading.
Results  Fourteen patients received full-arch fixed prostheses and 11 removable bar-supported overdentures. At the follow-
up evaluation, 52% of prostheses did not allow proper accessibility for oral hygiene. Overall prosthetic survival was 100%, 
and implant survival and success were respectively 93.6% and 72%. Prevalence of peri-implantitis was 29% at implant level 
and that at patient level 96%.
Conclusions  Six-year clinical outcomes of this study reveal that poor oral hygiene practices and compliance by patients who 
underwent maxillofacial reconstruction with FFF are significantly associated with peri-implant disease.
Clinical relevance  Findings of the present study underline the need by clinicians for a careful assessment, in reference to a 
specific implant therapy, of patient’s prosthetic accessibility for oral hygiene procedures.
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Introduction

Patients characterized by maxillofacial defects, resulting from 
head and neck cancer, facial trauma, severe atrophies, or con-
genital diseases, always require a challenging treatment plan-
ning for oral rehabilitations: complications arising from these 
severe defects include facial deformity and compromised main 
oral functions, such as speech, mastication and swallowing [1]. 
Even if dental implants may significantly contribute to restore 
an adequate overall functionality, fixtures of standard dimen-
sions cannot be used in most of the abovementioned cases, 

for lack of sufficient bone levels [2]. Several options have 
been developed over the years to correct deficient edentulous 
ridges, including short or reduced diameter dental implants 
[3, 4]; tilted dental implants [5]; zygoma implants [6]; bone 
splitting/expansion of narrow ridges [7]; alveolar distraction 
osteogenesis [8]; guided bone regeneration [9]; and Le Fort I 
osteotomy with inter-positional bone grafts [2, 10] (in cases of 
large sagittal discrepancy between the jaws and when implant 
inclination is too unfavorable). In this proposal, one of the 
most frequently employed procedures is represented by the 
reconstruction of alveolar defects with autogenous bone grafts, 
harvested from intraoral or extraoral sites: this modality of 
treatment was found to be a reliable means to correct both 
moderate and severe alveolar bone deficiencies of partially or 
totally edentulous patients [11, 12]. Nevertheless, the ability 
of these grafts to maintain the original bone volume is limited 
by the size of segmented defect continuity, and their survival 
mostly depends on revascularization from the recipient site 
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and amount of soft tissues available to achieve sufficient graft 
coverage [13].

In case of patients affected by extensive craniofacial bony 
defects, whose soft tissues are inadequate, free fibula flap 
(FFF) [14] was proposed for the reconstruction of maxillary 
and mandible continuous defects. Despite there being no abso-
lute consensus on when free tissue transferred should be used 
over a non-vascularized bone graft, current literature suggests 
the treatment of any segmental defects ≥ 6 cm generally with a 
revascularized graft, like a FFF [15, 16]. Advantages achieved 
by using this flap include a sufficient length for the bony seg-
ment harvested, a good vascularization, a long vascular pedi-
cle, and proper volumes for implant placement [17]. FFF thus 
provides strong bi-corticalism to allow implant positioning 
[18, 19] and more comfortable implant-supported prosthesis 
rehabilitation at the same time [20].

Nonetheless, transplanted fibula tissue requires consid-
erable quantity of soft tissue (muscle cuffs and/or vascular 
pedicles): as the skin of the FFF is sometimes very thick and 
exhibits considerable mobility, such suboptimal peri-implant 
tissue often promotes inflammation, hypertrophy, pain, bleed-
ing, and finally development of peri-implantitis [21]. Sev-
eral authors largely highlight that peri-implantitis is directly 
related to inability to perform proper oral hygiene procedures 
[22]. Plus, patients who underwent reconstructive surgery 
suffer from limitations in oral opening because of oral ves-
tibule contracture, reporting difficulty in accessing the abut-
ments for effective home-care oral hygiene procedures [23]. 
As many studies demonstrated that higher plaque levels [24, 
25] and lack of accessibility for cleaning at implant level 
[21] are both significantly associated with peri-implantitis, 
oral hygiene performed by patients therefore represents a key 
component in preventing peri-implant diseases [26, 27].

In light of these considerations, the long-term success 
of implant rehabilitations after microvascular reconstruc-
tions with FFF implies strict personal and professional oral 
hygiene protocols. To the best of authors’ knowledge, it 
seems that the efficacy of specific oral hygiene methods and 
their impact on peri-implant outcomes in this population 
of patients are not yet well established. This retrospective 
study aimed to investigate clinical outcomes for patients who 
underwent maxillofacial reconstruction with FFF, specifi-
cally evaluating the importance of oral hygiene habits and 
instructions.

Materials and methods

Study design

The present study was designed as a retrospective clinical 
study, in compliance with the principles of the Declaration 
of Helsinki on medical protocol and ethics and good clinical 

practice guidelines for research on human beings. Ethical 
approval was obtained from University of Verona Institu-
tional Review Board (protocol code 927CESC, 11/07/16). The 
nature and aim of the study, together with the anonymity in 
the scientific use of data, were clearly explained in a written, 
informative consent form, which was signed by every patient. 
Patients included in the study underwent mandibular or maxil-
lary reconstruction involving the use of FFF followed by the 
insertion of dental implants. Inclusion criteria were as follows: 
patients who had dental implantation and implant-supported 
rehabilitation after jaw reconstruction with FFF, and documen-
tation of at least two subsequent appointments (one check-up 
soon after prosthetic rehabilitation, and one clinical and radi-
ographic follow-up examination). A retrospective evaluation 
was conducted at the Unit of Dentistry and Maxillofacial Sur-
gery of the University of Verona (Italy) on the available medi-
cal records possible to find for patients previously involved 
in the abovementioned maxillofacial reconstructive surgery: 
patients finally included in the database were those surgically 
treated with the FFF technique, which was employed between 
01/01/1993 and 31/12/2007, satisfying the reported inclu-
sion criteria. The retrospective evaluation of patients’ records 
consisted in the collection of the following data: patients’ 
demographics; cause of jaw atrophy (indications for surgery); 
defect’s location; implant type, number, and location; type of 
prosthetic rehabilitation provided; panoramic radiographs; soft 
tissues conditions; oral hygiene habits.

Surgical protocol for FFF

As previously mentioned, patients underwent reconstructive 
surgery with FFF in case of extreme atrophies, as defined by 
the Cawood-Howell classification [2]. Preliminary evaluations 
consisted in standard clinical examination, panoramic radio-
graph, computerized tomographic scans, study models, blood 
tests, angiography of the lower leg, and electrocardiography. All 
patients underwent pre-operative anaesthesia and cardiac consul-
tations; surgery was then performed under general anaesthesia.

The recipient sites were prepared with a crestal incision 
from the left to the right retromandibular space in the man-
dible, and the right to left tuberosities in the maxilla, and the 
mandibular/maxillary bodies were fully exposed. In all cases, 
every attempt was made to spare the condyle and temporo-
mandibular joint capsule and the mental foramina in the man-
dibular arch, and to preserve the greater palatine arteries on 
the palatal surface. The facial vessels were exposed in the neck 
via a 3-cm submandibular incision, taking care to not damage 
the cervical branch of the facial nerve [19]. The fibula flap 
was harvested using the lateral approach to the anterior com-
partment of the leg, as described by O’Brien and Morrison 
(1987) [28]. The flap was modelled according to the anatomy 
of the recipient sites; osteotomies were performed with a 
piezoelectrical device or with a reciprocating saw; titanium 
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plates and screws were used for the osteosynthesis of the flap 
to the recipient sites. The vascular bundle of the fibula was 
placed along the vestibular side of the new mandibular arch or 
along the palatal aspect of the new maxillary arch. The pedicle 
was connected to the facial vessels, and the muscle cuff of the 
fibular flap was left partially exposed in the mouth to allow 
free granulation and mucosal colonization to take place [19]. 
Loose interrupted sutures secured the vestibular and lingual 
muco-periosteal flaps to the muscle cuff at the maxillary and 
mandibular levels. The muscle cuff allowed direct monitoring 
of the flap vitality in the first post-operative days.

Implant placement and prosthetic protocol

None of the patients underwent implant placement at the time of 
FFF surgery. Plus, at the time of implant placement, osteosynthe-
sis plates and screws were removed only if they interfered with 
the desired implant position. All dental implants were screw-
shaped, 10, 11.5, and 15 mm in length, and 4.0 and 5.0 mm in 
diameter. Implant placement followed standard procedures [29] 
and sutures were removed 14 days postoperatively. All patients 
received oral postoperative antibiotic therapy (amoxicillin plus 
clavulanate, 1 g every 8 h), for 10 days postoperatively.

Implant-prosthetic planning took place in two steps. 
Implants were uncovered 5–6 months after implantation: 
before uncovering, a panoramic radiograph was taken 
to assess the bone conditions. None of the implants was 
immediately loaded, and in all cases healing abutments were 
placed to allow complete soft tissues healing before the 
prosthetic phase. Depending on patient needs, bar-retained 
prostheses or screw-retained prostheses were employed. 
After surgery, all patients were prosthetically rehabilitated 
with overdentures or full-arch rehabilitation. All patients 
were called for one check-up soon after prosthetic reha-
bilitation. Thereafter, they were addressed to personal pri-
vate dentists for routinely care and supportive periodontal 

therapy (SPT). A clinical and radiographic follow-up exami-
nation was also scheduled, to evaluate oral hygiene habits, 
soft tissues conditions, implant survival, and implant suc-
cess (Figs. 1, 2). Figures 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, and 23 show a clinical case of 
an upper full-arch prosthetic rehabilitation.

Outcomes of the study: oral hygiene evaluation

At the follow-up examinations, a questionnaire was pre-
sented to assess patients’ ability on oral hygiene and to ver-
ify if they were involved in a correct supportive periodon-
tal therapy (TPS). Each patient filled out the questionnaire 
independently, in the presence of a research assistant who 

Fig. 1   Soft tissues assessment of visible plaque index (VPI)

Fig. 2   Soft tissues assessment of bleeding on probing (BoP)

Fig. 3   Full-arch prosthetic rehabilitation of a 50-year-old female 
patient with class VI extreme atrophy. Clinical photographs at pre-
surgical time: intraoral view. See extremely resorbed jaws and 
pseudo-prognathism due to maxillary atrophy



7740	 Clinical Oral Investigations (2023) 27:7737–7751

1 3

answered eventual questions and offered explanations. The 
questions are reported as follows:

1.	 Are you inserted in a supportive periodontal therapy pro-
gram and followed by a dental practice except to follow-up?

2.	 Do you regularly undergo oral hygiene sessions? If yes, 
how many times in a year?

3.	 Do you have any difficulties during home care oral 
hygiene?

4.	 Which instruments do you use for oral hygiene?

To also evaluate the access and capability in oral hygiene 
procedures at implant site (yes/no), patients were asked 
to show to brush the implant’s surfaces by means of oral 
hygiene instruments [22].

Outcomes of the study: soft tissues conditions

At each follow-up session, the implant-supported prostheses 
were removed, and a clinical assessment was carried out. The 
peri-implant soft tissues conditions were collected by a sin-
gle physician, using a standardized method with a calibrated 
plastic probe [4]. Four periodontal parameters were examined 
[4] and measured at mesial, vestibular, distal, and palatal/
lingual side of the implant (Figs. 1 and 2): visible plaque 
index (VPI), bleeding on probing (BoP), probing pocket 
depth (PPD), and marginal recession (REC). Peri-implant 
infections with suppuration (SUPP) were also recorded.

Outcomes of the study: implant survival 
and implant success

Implant survival (at implant level, CSR-Impl; at patient 
level, CSR-Pt) was defined as absence of implant failure, 

Fig. 4   Full-arch prosthetic 
rehabilitation of a 50-year-old 
female patient with class VI 
extreme atrophy. Clinical pho-
tographs at pre-surgical time: 
X-ray panoramic radiograph. 
See extremely resorbed jaws 
and pseudo-prognathism due to 
maxillary atrophy

Fig. 5   C-Shaped free fibula flap 
(FFF): harvesting, segmenta-
tion, and removal of central 
segment

Fig. 6   C-Shaped free fibula flap (FFF): shaping of free fibular flap 
prior to insetting
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registered with presence of one of the following clinical con-
ditions: implant-related pain on function; implant mobility; 
peri-implant radiolucency > 1/2 length of the implant; and/

Fig. 7   C-Shaped free fibula 
flap (FFF): X-ray panoramic 
radiograph taken after FFF 
placement

Fig. 8   Intraoral view 2 months after surgery; see proper soft tissues 
healing

Fig. 9   Osteosynthesis plates and screws removal and concomitant 
surgical flap dissection with implant placement: intraoral view of the 
upper arch

Fig. 10   Osteosynthesis plates and screws removal and concomitant 
surgical flap dissection with implant placement: intraoral view of the 
mandible

Fig. 11   Prosthetic rehabilitation with overdenture 7  months after 
implant placement: intraoral view of the upper arch; see soft tissues 
healing after skin graft harvested from the antero-lateral thigh
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or implant removal caused by failure of osseointegration/
peri-implantitis [30].

Prosthetic survival (CSR-Prosth) was evaluated as the 
presence of an intact and functional prosthetic rehabilitation.

Implant success (at implant level and patient level) was 
evaluated in case of no failure, absence of pain at implant site, 
and absence of peri-implantitis. Peri-implantitis was diag-
nosed when an implant had simultaneously one surface with 
positive BoP or pus on probing, and presence of radiographi-
cally detectable bone loss greater than 1.5 mm, plus < 0.2 mm 
per year of loading after the first year of service [31].

Peri-implant bone-level changes were recorded compar-
ing panoramic radiographs taken at the time of prosthetic 
loading and at the time of follow-up examinations. Bone-
level changes were evaluated at mesial and distal side of each 
implant, using a software program (Rasband, W.S., ImageJ, 
U.S. National Institutes of Health, Bethesda, Maryland, USA) 
measuring tool in conjunction with a magnification tool [3, 

4]. The measurements were recorded to the nearest 0.5 mm; 
the distance between the implant shoulder and the first bone 
to implant contact point (F-BIC) was assessed [3, 4], and 
marginal bone loss (BL) was determined as the difference 

Fig. 12   Prosthetic rehabilitation with overdenture 7  months after 
implant placement: intraoral view of the mandible; see soft tissues 
healing after skin graft harvested from the antero-lateral thigh

Fig. 13   Prosthetic rehabilita-
tion with overdenture 7 months 
after implant placement. X-ray 
panoramic radiograph taken 
after overdenture placement

Fig. 14   Prosthetic rehabilitation with overdenture 7  months after 
implant placement. Frontal view of prosthesis

Fig. 15   Follow-up evaluation 
8 years after surgery. Lateral 
view of the patient at presurgi-
cal time
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between the marginal bone level (F-BIC) at the follow-up 
time point and the marginal bone level at loading time.

Data management and statistical analysis

For data collection, a database including all patients evaluated 
in the study was created with Microsoft Excel. All data analyses 
were carried out using Stata v.13.0 for Macintosh (StataCorp, 

College Station, TX, USA). The normality assumptions for 
continuous data were assessed using the Shapiro–Wilk test; 
mean and standard deviation were reported for normally distrib-
uted data, median and interquartile range (iqr) otherwise. For 
categorical data, absolute frequencies, percentages, and 95% 

Fig. 16   Follow-up evaluation 
8 years after surgery. Lateral 
view of the patient at postsurgi-
cal time

Fig. 17   Follow-up evaluation 
8 years after surgery. Lateral 
view of the patient at 8-year 
follow-up

Fig. 18   Follow-up evaluation 
8 years after surgery. Frontal 
view of the patient at presurgi-
cal time

Fig. 19   Follow-up evaluation 
8 years after surgery. Frontal 
view of the patient at postsurgi-
cal time

Fig. 20   Follow-up evaluation 
8 years after surgery. Frontal 
view of the patient at 8-year 
follow-up. See stability of 
aesthetic results, correction of 
pseudo-prognathism, and mid-
face volume restoration

Fig. 21   Follow-up evaluation 8 years after surgery. Frontal view with 
prosthesis
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confidence intervals were reported. The association between 
categorical variables was tested with the χ2 test; if any of the 
expected values was less than 5, a Fisher exact test was per-
formed. The comparison between the means of two different 
groups was performed using unpaired Student’s “t,” or Wil-
coxon rank-sum test. The comparison of the means among more 
than two groups was done using one-way analysis of variance 
(ANOVA), or Kruskal–Wallis equality-of-populations rank test 
as appropriate. Significance level was set at 0.05. The study pre-
sents compliance with the STROBE checklist guidelines [32].

Results

In total, 25 patients (12 male and 13 female), with a mean 
age of 45.4 (range 19–66) years, underwent FFF surgical 
interventions between 01/01/1993 and 31/12/2007. The FFF 

were used for respectively 14 maxillary and 11 mandibular 
reconstructions. Nine patients were treated for severe atro-
phy due to history of periodontitis, 11 for tumor resection 
(6 irradiated and 5 non-irradiated for cancer patients), three 
for self-reported ballistic trauma, one for cleft palate, and 
one for osteomyelitis, for a total of 140 dental implants (81 
in the upper jaw and 59 in the lower jaw) placed in the fibu-
lar bone for oral rehabilitation of these patients. Mean age 
was 46.2 ± 13.9 (range 19–67) months at implant surgery, 
46.52 ± 13.95 (range 19–67) months at implant loading, 
and 52.4 ± 14.89 (range 21–72) months at the follow-up 
appointment. All implants were submerged for a mean inte-
gration time of 4.32 ± 1.89 (range 2–9) months. Fourteen 
patients received full-arch fixed prostheses and 11 removable 
bar-supported overdentures. After a mean follow-up from 
implant loading of 5.9 ± 3.8 (range 2–15) years, there were 
no dropouts, and all 25 patients were revaluated. At the fol-
low-up evaluation, an assessment of prosthetic restorations 
was made to determine if access for oral hygiene had been 
provided (yes/no): half of the prostheses (52%) were judged 
not suitable to allow proper accessibility for oral hygiene.

Patient‑reported oral hygiene habits

Despite most of patients (68%) declared to give importance 
to oral hygiene recall appointments at the dental office, 40% 
never attended a dental visit, 52% had one oral hygiene ses-
sion in a year, and only 8% had two oral hygiene sessions 
in a year. Only 28% of patients were properly followed by a 
dental hygienist: the lowest interest for oral health mainte-
nance was shown by the group of irradiated tumor and bal-
listic trauma patients, for which no patient resulted involved 
in a SPT program; in the group of patients with history of 
periodontitis, only one out of the 9 patients demonstrated 
compliance.

A total of 60% of patients reported significant difficulties 
or even inability to perform oral hygiene procedures at home, 

Fig. 22   Follow-up evaluation 8 years after surgery. Frontal view after 
prosthesis removal. Exposed implant surface with peri-implantitis can 
be appreciated in 3.1, 3.3, and 4.3 sites; loss of implant can be seen at 
4.1 site

Fig. 23   Follow-up evaluation 
8 years after surgery. X-ray 
panoramic radiograph after 
prosthesis removal. Loss of 
implant can be seen at 4.1 site
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and even two patients reported to not regularly perform oral 
hygiene at home. In total, 40% of patients reported to use 
only manual toothbrushing, while one patient declared to use 
only electric toothbrush. Sixty percent of patients referred 
to be compliant with interproximal oral hygiene: interdental 
brushing (83%), oral irrigator (5%), and interdental flossing 
with Superfloss™ (12%) were the most common additional 
techniques used. Moreover, patients with fixed prostheses, 
compared to removable bar-supported overdentures, referred 
greater difficulties in performing interproximal brushing. No 
patient reported to use any mouthwashes.

Implant survival

None of the 25 prosthetic reconstructions failed, for a CSR-
Prosth of 100%. Nine implants in seven patients resulted 
lost at evaluation time, for an overall CSR-Imp of 93.6% 
and CSR-pt of 72%.

Table 1 shows prevalence of implant survival (CSR-Imp) 
according to the following: sex, cause of atrophy, defect’s 
location, type of prosthesis, accessibility to implant neck for 
oral hygiene procedures at home, regularity of home-care 
oral hygiene procedures, self-reported difficulties in oral 
hygiene procedures, enrolment in SPT program, high VPI 
score (> 50%), interproximal oral hygiene measures.

Regarding cause of atrophy, statistical differences were 
found between groups (p = 0.04). Assessing oral hygiene 
patients’ skills and possibilities to perform proper home oral 
hygiene, a significant greater implant survival was found for 
patients using interproximal oral health aids compared to the 
ones who did not perform interproximal hygiene measures 
(p = 0.03).

Soft tissues conditions

Out of the 131 implants evaluated at the follow-up, presence 
of dental plaque and bleeding were respectively observed in 
99 implants (VPI 75.6%) and 108 implants (BoP 82.4%), 
while suppuration was recorded in 30 implants (SUPP 
22.9%). Mean PPD was 3.85  mm and mean REC was 
2.11 mm.

Regarding cause of atrophy, high plaque and bleeding 
scores were found for all groups of patients, with no statisti-
cal differences among groups (p = 0.52 for VPI and p = 0.6 
for BoP).

Regarding other groups of comparison, the highest plaque 
and bleeding scores were found in patients wearing prosthe-
sis lacking accessibility for cleanability (respectively VPI 
of 73% vs 59%, p = 0.04; BoP of 85% vs 69%, p = 0.03), 
patients self-reporting difficulties in performing oral hygiene 
procedures (77.5% vs 50.9%, p = 0.001) and patients only 
brushing and not performing interproximal hygiene proce-
dures (74.1% vs 61.2%, p = 0.05).

Prevalence of peri‑implantitis and implant success

Thirty-eight implants showed radiographical excessive bone 
loss and signs of inflammation; except for one patient, all 
other patients presented at least one implant with signs of 
peri-implantitis. Prevalence of peri-implantitis was 29% 
(38/131) at implant level and 96% (24/25) at patient level. 
Implant success was 70.9% (93/131) at implant level and 4% 
(1/25) at patient level.

Table 2 shows prevalence of peri-implantitis both at 
implant level and patient level, and prevalence of implant 

Table 1   Prevalence of implant survival (CSR-Imp) according to study 
covariates; values are presented as n (%)

*Statistically significant difference between groups

Implant 
survival 
(%)

p-value

Sex
  M 91.3 0.72
  F 95.8

Cause of atrophy
  History of periodontitis 100
  Cancer irradiated for tumor resection 82.6 0.04*
  Cancer non-irradiated for tumor resection 94.1
  Self-reported ballistic trauma 83.3
  Cleft palate 100
  Osteomyelitis 100

Defect location
  Upper maxilla 95.1 0.06
  Mandible 91.5

Type of prosthesis
  Full-arch fixed 93.3 0.7
  Removable overdenture 93.8

Accessibility for oral hygiene
  No 90.9 0.08
  Yes 96.8

Regular homecare oral hygiene
  No 93.6 0.21
  Yes 90.6

Self-reported difficulty in performing oral hygiene procedures
  No 91.9 0.75
  Yes 94.6

SPT program
  No 89.3 0.09
  Yes 94.7

High VPI index (> 50%)
  No 92.4 0.07
  Yes 94,1

Interproximal oral hygiene
  No (only brushing) 84.6 0.03*
  Yes 97.7
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success, according to the abovementioned groups (same as 
for Table 1). Significant greater percentages of peri-implan-
titis at implant level (p < 0.05) were found: fixed prostheses, 
no adequate accessibility for oral hygiene procedures, self-
reported difficulties in oral hygiene, patients not involved 
in a SPT program, high VPI score. Same outcomes were 
found for peri-implantitis at patient level (p < 0.05) for the 
last three variables. Accessibility for oral hygiene was the 
only variable found as significantly greater for implant suc-
cess (p = 0.02).

Discussion

Studies in literature suggest the FFF as a reliable reconstruc-
tive surgical technique: implants placed in the reconstructed 
areas demonstrated proper integration with good long-term 
prognosis and high percentages of implant survival [18–20]. 
Investigations of the last decades [33] showed an overall 
implant survival between 82.4 and 100%, with follow-ups 
from 25 months to 20 years. The present 6-year retrospec-
tive study on 140 dental implants placed in FFF, used for 

Table 2   Prevalence of peri-implantitis at implant level and patient level, prevalence of implant success, according to study covariates; values are 
presented as n (%)

*Statistically significant difference between groups

Peri-implantitis 
implant level (%)

p-value Peri-implantitis 
patient level (%)

p-value Implant suc-
cess (%)

p-value

Sex
  M 32.4 0.3 75 0.23 67.6 0.58
  F 21.7 53.8 78.3

Cause of atrophy
  History of periodontitis 31.4 0.46 88.8 68.6
  Cancer irradiated for tumor resection 41.7 57.1 58.3
  Cancer non-irradiated for tumor resection 20.4 50 0.3 79.6 0.08
  Self-reported ballistic trauma 22.2 33.3 77.8
  Cleft palate 12.5 100 87.5
  Osteomyelitis 0 0 100

Defect location
  Upper maxilla 28.7 0.95 78.6 0.07 71.3 0.3
  Mandible 24.5 45.5 75.5

Type of prosthesis
  Full-arch fixed 33.5 0.01* 71.4 0.48 66.5 0.057
  Removable overdenture 18.4 54.5 81.6

Accessibility for oral hygiene
  No 33.5 0.04* 69.2 0.94 66.5 0.02*
  Yes 19.7 58.3 80.3

Regular homecare oral hygiene
  No 24.1 0.06 60 0.09 75.9 0.63
  Yes 21.1 47.1 78.9

Self-reported difficulty in performing oral hygiene procedures
  No 5 0.001* 33.3 0.04* 95 0.09
  Yes 39.1 81.3 60.9

SPT program
  No 31.3 0.03* 70 0.02* 68.7 0.4
  Yes 9.2 40 90.8

High VPI index (> 50%)
  No 16.7 0.01* 28.6 0.001* 83.3 0.74
  Yes 30.8 77.8 69.2

Interproximal oral hygiene
  No (only brushing) 24 0.37 62.5 0.44 76 0.85
  Yes 21.6 56.3 78.4
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the reconstruction of severely atrophic edentulous maxillae, 
showed an implant survival of 93.6% and a prosthetic sur-
vival of 100%. These findings are comparable to those pub-
lished by several authors, who registered an overall implant 
survival of 93.5% on average, with a range of percentages 
between 83 and 97% from 1 to 5 years after placement [1, 21, 
34–49], and a mean 5-year survival rate of 91% [50]. Lower 
values of 5-year implant survival (81% [51], 85.6% [52], and 
87.2% [53]) were reported in studies which underlined recur-
rence of tumor, soft tissue proliferation, and infection as main 
factors involved in implant failure. On the other hand, higher 
percentages of 97.2% [33] and 98% [48] were reported after a 
mean follow-up of even 8 years after implant loading. To sum 
up, the average reported 10-year and 20-year implant survival 
were respectively 80% (range 78–83%) [39, 47] and 69% [1]. 
These heterogeneous findings in literature could be related 
to different patients’ characteristics of the studied samples.

First, the present study presented lower implant survival 
for dental implants installed in the irradiated area (82.6%), 
compared to those in not irradiated bone (94.1%). These out-
comes seem to agree with the following: (i) studies [54] which 
assessed that radiotherapy significantly affects outcomes both 
at implant and patient levels; (ii) studies which found that 
hypo-vascularization following bone irradiation represents a 
contraindication for dental implant placement [53]; and (iii) 
studies which assessed that implant placement in the region of 
irradiated flap is significantly associated with implant failure 
[55]. Similarly, other studies showed a significant lower implant 
survival after 5 years in irradiated patients (83.5%) compared to 
non-irradiated ones (94.2%) [33]. Nevertheless, some authors 
[56, 57] reported that timing of implant placement, together 
with proper and meticulous management, may provide better 
clinical outcomes even in patients with irradiated bone, and this 
issue is still considered widely debated in literature [36, 58].

Regarding arch, implants placed in the maxilla presented 
a greater implant survival compared to those in the mandible 
(respectively of 95.1% vs 91.5%). The location of dental 
implant placement on implant failure was evaluated in lit-
erature with conflicting results: some authors [59] reported 
more failures in the maxilla, while others [60] did not find 
any differences among arches.

As a recent relevant issue, high prevalence of peri-
implant diseases is coherent with an increasing employment 
of dental implants. In agreement with other authors [36, 38], 
the present study demonstrated that the most common com-
plication associated with implant placement and the most 
common cause of implant loss is peri-implantitis. After an 
average follow-up of 6 years after loading, peri-implantitis 
prevalence was 29% at implant level, a percentage slightly 
greater compared to outcomes reported in literature using the 
same criteria for implants placed in the native bone, depend-
ing on periodontal disease history and implant design [61, 
62]. Moreover, a recent meta-analysis [63] reported lower 

peri-implantitis percentages: moderate/severe peri-implanti-
tis was observed in 21.7% of the implants. Due to significant 
heterogeneity in case definitions, peri-implantitis prevalence 
greatly depends upon main criteria used in each study [64]: 
an overall prevalence between 1 and 45% is overall reported. 
At the patient level, even considering this aspect, percent-
age obtained in the present study (96%) was greater than the 
weighted mean prevalence of 18% and 22%, respectively, 
declared in recent meta-analyses [63, 65] and clinical stud-
ies [66, 67]. However, it has to be underlined that, as in this 
study each patient presented extensive rehabilitation with 
multiple implants, peri-implantitis analysis at the patient 
level considered the entire mouth.

Even if oral hygiene habits of patients with implants in 
FFF are rarely reported in the literature, the outcomes of 
this study are consistent with well-known findings declar-
ing that poor oral hygiene practices and compliance by 
patients are significantly associated with peri-implant dis-
ease [22, 24, 68]. Moreover, despite most of the patients 
(68%) affirmed to give enough importance to oral hygiene, 
40% of them reported not to attend at all any dental offices, 
plus a great percentage resulted not enrolled in a SPT pro-
gram (72%), and 60% of patients reported significant dis-
comfort and difficulties, or even inability, on performing 
homecare oral hygiene measures around implant. Plus, a 
relevant number of patients (40%) did not perform inter-
proximal oral hygiene. Considering VPI score of ≤ 50% as 
the threshold for “good” oral hygiene conditions, the overall 
high plaque levels exhibited by patients of this study suggest 
that a lower patient’s ability in performing adequate plaque 
control and lack of SPT could be strongly associated with 
peri-implantitis. In this proposal, the efficacy of patient-per-
formed interdental cleaning methods for peri-implant health 
is not yet established, and usually is not explicitly described 
even in mucositis intervention studies. One study about 
performed oral hygiene around full-arch implant-retained 
prostheses after instructions revealed generally poor condi-
tions [22], but there are no similar studies regarding fixed 
partial dentures or single-crown prostheses. Moreover, this 
study showed that interproximal brushing is advisable and 
at the same time unlikely to be adequate in preventing peri-
implant disease: as subjects often performed more than one 
interproximal cleaning method, further research concerning 
the efficacy of different interproximal cleaning methods is 
warranted. When the type of prosthesis and potential impact 
of oral hygiene practices were evaluated, patients referred 
greater difficulties in performing interproximal brushing 
with fixed prostheses, which, in comparison with remov-
able prosthesis, presented similar implant survival but lower 
implant success, due to higher prevalence of peri-implantitis. 
Implant-supported fixed prostheses indeed require longer 
abutments and long-term maintenance, difficult to keep 
clean by the patient [69].



7748	 Clinical Oral Investigations (2023) 27:7737–7751

1 3

To sum up, it can be underlined that accessibility for oral 
hygiene measures resulted in the greatest impact on implant 
survival, implant success, and prevalence of peri-implantitis. 
Prostheses with better accessibility for oral hygiene presented 
higher implant survival (96.8% vs 90.9%) and implant success 
(80.3% vs 66.5%), lower prevalence of peri-implantitis (19.7% 
vs 33.5%), less plaque accumulation (59% vs 73%), and less 
BoP score (69% vs 85%). In accordance with these results, 
even if patients with overdentures generally report significantly 
lower overall satisfaction with chewing capacity and aesthetics 
and higher psychological discomfort [70], the authors suggest 
that fixed prostheses should only be conceived in patients with 
a high level of motivation, and be designed with a specific 
attempt to allow accessibility for oral hygiene measures.

In addition, the importance of optimal plaque control 
and adherence to a strict maintenance program were widely 
described in the literature as a gold standard for preventing 
biological complications in patients with history of peri-
odontitis [71], which represents a critical issue in long-term 
maintenance of implants [72, 73]. In the present study, where 
patients’ oral hygiene habits and levels, together with their 
adherence to supportive maintenance protocols, all resulted 
extremely low, subjects affected by periodontitis presented 
a consistent prevalence of peri-implantitis both at implant 
and patient levels, but their implant survival was 100%. This 
result reflects that, in the absence of good oral practices, 
implant survival difference between patients with a history 
of periodontitis and general population may be negligible 
during the first 5 years of follow-up, but becomes more pro-
nounced later [74, 75]. In this proposal, some authors [63] 
demonstrated that a 5-year follow-up is usually not suffi-
cient to evaluate the differences of implant survival between 
groups. Studies with longer follow-ups are thus needed to 
evaluate the impact of history of periodontitis and lack of 
SPT on implant survival specifically in FFF patients.

Finally, limitations of this study regard a retrospective 
approach in a university setting and a small number of 
patients, despite the number of implants being substantial. 
On the other hand, that a long-term follow-up of 6 years in 
patients is not easy to evaluate in a regular recall program 
could be considered a valuable starting point for further 
assessment of clinical conditions of larger groups of patients 
undergoing this specific type of surgery.

Conclusions

Findings of the present study underline the need by clini-
cians for a careful assessment, in reference to a specific 
implant therapy, of patient’s oral hygiene conditions, espe-
cially concerning prosthetic accessibility for oral hygiene 
procedures in patients who underwent FFF surgery for 

extreme atrophies (e.g., due to periodontitis or irradiation 
for cancer therapy).

Several systematic reviews and meta-analyses have con-
firmed that both homecare procedures and professional 
plaque control, in association with an efficient SPT recall 
program, may lead to decreased clinical signs of peri-
implant inflammation, preventing the insurgence of peri-
implant infections even in these patients. Poor patients’ oral 
hygiene habits and levels prior to implant rehabilitations, 
if not improved after implant therapy, may therefore have 
a consistent impact not only on implant failure, but also on 
peri-implant disease onset.

Author contribution  Conceptualization: Giorgio Lombardo, Antonio 
D’Agostino, Pier Francesco Nocini, Lorenzo Trevisiol. Methodology: 
Giorgio Lombardo, Antonio D’Agostino. Formal analysis and investi-
gation: Annarita Signoriello, Alessandro Zangani, Alessia Pardo, Fabio 
Lonardi. Writing—original draft preparation: Annarita Signoriello, 
Alessandro Zangani, Alessia Pardo, Fabio Lonardi. Writing—review 
and editing: Giorgio Lombardo, Antonio D’Agostino, Pier Francesco 
Nocini, Lorenzo Trevisiol. Resources: Giorgio Lombardo, Antonio 
D’Agostino. Supervision: Giorgio Lombardo, Antonio D’Agostino, 
Pier Francesco Nocini, Lorenzo Trevisiol.

All the authors reviewed and approved the final manuscript.

Funding  Open access funding provided by Università degli Studi di 
Verona within the CRUI-CARE Agreement.

Data availability  The data presented in this study are available from 
the corresponding authors upon reasonable request.

Declarations 

Competing interests  The authors declare no competing interests.

Ethical approval  The study protocol received ethical approval from 
University of Verona Institutional Review Board (protocol code 
927CESC, 11/07/16).

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Fang W, Liu YP, Ma Q, Liu BL, Zhao Y (2014) Long-term 
results of mandibular reconstruction of continuity defects with 

http://creativecommons.org/licenses/by/4.0/


7749Clinical Oral Investigations (2023) 27:7737–7751	

1 3

fibula free flap and implant-borne dental rehabilitation. Int J 
Oral Maxillofac Implants. https://​doi.​org/​10.​11607/​jomi.​3606

	 2.	 Cawood JI, Stoelinga PJ, Brouns JJ (1994) Reconstruction of 
the severely resorbed (class VI) maxilla. A two-step procedure. 
Int J Oral Maxillofac Surg 23:219–225. https://​doi.​org/​10.​1016/​
s0901-​5027(05)​80374-1

	 3.	 Lombardo G, Marincola M, Signoriello A, Corrocher G, Nocini 
PF (2020) Single-crown, short and ultra-short implants, in 
association with simultaneous internal sinus lift in the atrophic 
posterior maxilla: a three-year retrospective study. Materials 
(Basel) 13:2208. https://​doi.​org/​10.​3390/​ma130​92208

	 4.	 Lombardo G, Signoriello A, Marincola M, Liboni P, Bonfante 
EA, Nocini PF (2021) Survival rates of ultra-short (<6 mm) 
compared with short locking-taper implants supporting single 
crowns in posterior areas: a 5-year retrospective study. Clin 
Implant Dent Relat Res 23:904–919. https://​doi.​org/​10.​1111/​
cid.​13054

	 5.	 Aparicio C, Perales P, Rangert B (2001) Tilted implants as an 
alternative to maxillary sinus grafting: a clinical, radiologic, 
and periotest study. Clin Implant Dent Relat Res 3:39–49. 
https://​doi.​org/​10.​1111/j.​1708-​8208.​2001.​tb001​27.x

	 6.	 Di Cosola M, Ballini A, Zhurakivska K, Ceccarello A, Nocini 
R, Malcangi A, Mori G, Lo Muzio L, Cantore S, Olivo A (2021) 
Retrospective analysis of clinical and radiologic data regarding 
zygomatic implant rehabilitation with a long-term follow-up. Int 
J Environ Res Public Health 18:12963. https://​doi.​org/​10.​3390/​
ijerp​h1824​12963

	 7.	 Starch-Jensen T, Becktor JP (2019) Maxillary alveolar ridge 
expansion with split-crest technique compared with lateral ridge 
augmentation with autogenous bone block graft: a systematic 
review. J Oral Maxillofac Res 10:e2. https://​doi.​org/​10.​5037/​
jomr.​2019.​10402

	 8.	 Esenlik E, DeMitchell-Rodriguez EM (2021) Alveolar distrac-
tion. Clin Plast Surg 48:419–429. https://​doi.​org/​10.​1016/j.​cps.​
2021.​02.​004

	 9.	 Drăgan E, Nemţoi A (2022) Review of the long-term outcomes 
of guided bone regeneration and autologous bone block aug-
mentation for vertical dental restoration of dental implants. Med 
Sci Monit 28:e937433. https://​doi.​org/​10.​12659/​MSM.​937433

	10.	 Isaksson S, Ekfeldt A, Alberius P, Blomqvist JE (1993) Early 
results from reconstruction of severely atrophic (class VI) maxil-
las by immediate endosseous implants in conjunction with bone 
grafting and Le Fort I osteotomy. Int J Oral Maxillofac Surg 
22:144–148. https://​doi.​org/​10.​1016/​s0901-​5027(05)​80239-5

	11.	 Assem NZ, Pazmiño VFC, Rodas MAR, Caliente EA, da Silva 
DG, Soares S, Santiago JF, de Almeida ALPF (2023) Bone 
substitutes graft for regeneration of the anterior maxillary alveo-
lar process: a systematic review. J Oral Implantol 49:102–113. 
https://​doi.​org/​10.​1563/​aaid-​joi-D-​22-​00014

	12.	 de Sousa CA, Lemos CAA, Santiago-Júnior JF, Faverani LP, 
Pellizzer EP (2018) Bone augmentation using autogenous bone 
versus biomaterial in the posterior region of atrophic mandibles: 
a systematic review and meta-analysis. J Dent 76:1–8. https://​
doi.​org/​10.​1016/j.​jdent.​2018.​06.​014

	13.	 Chiapasco M, Casentini P, Zaniboni M (2009) Bone augmen-
tation procedures in implant dentistry. Int J Oral Maxillofac 
Implants 24:237–259

	14.	 Lydiatt DD, Lydiatt WM, Hollins RR, Friedman A (1998) Use 
of free fibula flap in patients with prior failed mandibular recon-
struction. J Oral Maxillofac Surg 56:444–446. https://​doi.​org/​
10.​1016/​s0278-​2391(98)​90709-1

	15.	 Arden RL, Rachel JD, Marks SC, Dang K (1999) Volume-length 
impact of lateral jaw resections on complication rates. Arch Oto-
laryngol Head Neck Surg 125:68–72. https://​doi.​org/​10.​1001/​
archo​tol

	16.	 Foster RD, Anthony JP, Sharma A, Pogrel MA (1999) Vascular-
ized bone flaps versus nonvascularized bone grafts for mandibular 
reconstruction: an outcome analysis of primary bony union and 
endosseous implant success. Head Neck 21:66–71. https://​doi.​org/​
10.​1002/​(sici)​1097-​0347(199901)​21:1%​3c66::​aid-​hed9%​3e3.0.​
co;2-z

	17.	 Chiapasco M, Gatti C (2004) Immediate loading of dental 
implants placed in revascularized fibula free flaps: a clinical 
report on 2 consecutive patients. Int J Oral Maxillofac Implants 
19:906–912

	18.	 Zlotolow IM, Huryn JM, Piro JD, Lenchewski E, Hidalgo DA (1992) 
Osseointegrated implants and functional prosthetic rehabilitation in 
microvascular fibula free flap reconstructed mandibles. Am J Surg 
164:677–681. https://​doi.​org/​10.​1016/​s0002-​9610(05)​80733-0

	19.	 De Santis G, Nocini PF, Chiarini L, Bedogni A (2004) Func-
tional rehabilitation of the atrophic mandible and maxilla with 
fibula flaps and implant-supported prosthesis. Plast Reconstr Surg 
113:88–98. https://​doi.​org/​10.​1097/​01.​PRS.​00000​90723.​98704.​36

	20.	 Anne-Gaëlle B, Samuel S, Julie B, Renaud L, Pierre B (2011) 
Dental implant placement after mandibular reconstruction by 
microvascular free fibula flap: current knowledge and remaining 
questions. Oral Oncol 47:1099–1104. https://​doi.​org/​10.​1016/j.​
oralo​ncolo​gy.​2011.​07.​016

	21.	 Hakim SG, Kimmerle H, Trenkle T, Sieg P, Jacobsen HC 
(2015) Masticatory rehabilitation following upper and lower 
jaw reconstruction using vascularised free fibula flap and enos-
sal implants-19 years of experience with a comprehensive con-
cept. Clin Oral Investig 19:525–534. https://​doi.​org/​10.​1007/​
s00784-​014-​1247-9

	22.	 Serino G, Ström C (2009) Peri-implantitis in partially edentulous 
patients: association with inadequate plaque control. Clin Oral 
Implants Res 20:169–174. https://​doi.​org/​10.​1111/j.​1600-​0501.​
2008.​01627.x

	23.	 Khadembaschi D, Russell P, Beech N, Batstone MD (2021) Osse-
ointegrated implant survival, success and prosthodontic outcomes 
in composite free flaps: a 10-year retrospective cohort study. Clin 
Oral Implants Res 32:1251–1261. https://​doi.​org/​10.​1111/​clr.​
13822

	24.	 Costa FO, Takenaka-Martinez S, Cota LO, Ferreira SD, Silva GL, 
Costa JE (2012) Peri-implant disease in subjects with and without 
preventive maintenance: a 5-year follow-up. J Clin Periodontol 
39:173–181. https://​doi.​org/​10.​1111/j.​1600-​051X.​2011.​01819.x

	25.	 Sun TC, Chen CJ, Gallucci GO (2023) Prevention and manage-
ment of peri-implant disease. Clin Implant Dent Relat Res. https://​
doi.​org/​10.​1111/​cid.​13206

	26.	 Cheung MC, Hopcraft MS, Darby IB (2021) Patient-reported oral 
hygiene and implant outcomes in general dental practice. Aust 
Dent J 66:49–60. https://​doi.​org/​10.​1111/​adj.​12806

	27.	 Cortellini S, Favril C, De Nutte M, Teughels W, Quirynen M 
(2019) Patient compliance as a risk factor for the outcome of 
implant treatment. Periodontol 2000 81:209–225. https://​doi.​org/​
10.​1111/​prd.​12293

	28.	 Ryan AD, Morrison WA, O’Brien BM (1987) The use of long syn-
thetic microvascular grafts in dogs with a view to clinical appli-
cation. Aust N Z J Surg 57:667–670. https://​doi.​org/​10.​1111/j.​
1445-​2197.​1987.​tb014​46.x

	29.	 Carlsson L, Röstlund T, Albrektsson B, Albrektsson T, Brånemark 
PI (1986) Osseointegration of titanium implants. Acta Orthop 
Scand 57:285–289. https://​doi.​org/​10.​3109/​17453​67860​89943​93

	30.	 Misch CE, Perel ML, Wang HL, Sammartino G, Galindo-Moreno 
P, Trisi P, Steigmann M, Rebaudi A, Palti A, Pikos MA, Schwartz-
Arad D, Choukroun J, Gutierrez-Perez JL, Marenzi G, Valavanis 
DK (2008) Implant success, survival, and failure: the International 
Congress of Oral Implantologists (ICOI) Pisa Consensus Confer-
ence. Implant Dent 17:5–15. https://​doi.​org/​10.​1097/​ID.​0b013​
e3181​676059

https://doi.org/10.11607/jomi.3606
https://doi.org/10.1016/s0901-5027(05)80374-1
https://doi.org/10.1016/s0901-5027(05)80374-1
https://doi.org/10.3390/ma13092208
https://doi.org/10.1111/cid.13054
https://doi.org/10.1111/cid.13054
https://doi.org/10.1111/j.1708-8208.2001.tb00127.x
https://doi.org/10.3390/ijerph182412963
https://doi.org/10.3390/ijerph182412963
https://doi.org/10.5037/jomr.2019.10402
https://doi.org/10.5037/jomr.2019.10402
https://doi.org/10.1016/j.cps.2021.02.004
https://doi.org/10.1016/j.cps.2021.02.004
https://doi.org/10.12659/MSM.937433
https://doi.org/10.1016/s0901-5027(05)80239-5
https://doi.org/10.1563/aaid-joi-D-22-00014
https://doi.org/10.1016/j.jdent.2018.06.014
https://doi.org/10.1016/j.jdent.2018.06.014
https://doi.org/10.1016/s0278-2391(98)90709-1
https://doi.org/10.1016/s0278-2391(98)90709-1
https://doi.org/10.1001/archotol
https://doi.org/10.1001/archotol
https://doi.org/10.1002/(sici)1097-0347(199901)21:1%3c66::aid-hed9%3e3.0.co;2-z
https://doi.org/10.1002/(sici)1097-0347(199901)21:1%3c66::aid-hed9%3e3.0.co;2-z
https://doi.org/10.1002/(sici)1097-0347(199901)21:1%3c66::aid-hed9%3e3.0.co;2-z
https://doi.org/10.1016/s0002-9610(05)80733-0
https://doi.org/10.1097/01.PRS.0000090723.98704.36
https://doi.org/10.1016/j.oraloncology.2011.07.016
https://doi.org/10.1016/j.oraloncology.2011.07.016
https://doi.org/10.1007/s00784-014-1247-9
https://doi.org/10.1007/s00784-014-1247-9
https://doi.org/10.1111/j.1600-0501.2008.01627.x
https://doi.org/10.1111/j.1600-0501.2008.01627.x
https://doi.org/10.1111/clr.13822
https://doi.org/10.1111/clr.13822
https://doi.org/10.1111/j.1600-051X.2011.01819.x
https://doi.org/10.1111/cid.13206
https://doi.org/10.1111/cid.13206
https://doi.org/10.1111/adj.12806
https://doi.org/10.1111/prd.12293
https://doi.org/10.1111/prd.12293
https://doi.org/10.1111/j.1445-2197.1987.tb01446.x
https://doi.org/10.1111/j.1445-2197.1987.tb01446.x
https://doi.org/10.3109/17453678608994393
https://doi.org/10.1097/ID.0b013e3181676059
https://doi.org/10.1097/ID.0b013e3181676059


7750	 Clinical Oral Investigations (2023) 27:7737–7751

1 3

	31.	 Albrektsson T, Zarb G, Worthington P, Eriksson AR (1986) The 
long-term efficacy of currently used dental implants: a review and 
proposed criteria of success. Int J Oral Maxillofac Implants 1:11–25

	32.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Van-
denbroucke JP (2007) The strengthening the reporting of obser-
vational studies in epidemiology (STROBE) statement: guide-
lines for reporting observational studies. Lancet 370:1453–1457. 
https://​doi.​org/​10.​1016/​s0140-​6736(07)​61602-x

	33.	 Pellegrino G, Tarsitano A, Ferri A, Corinaldesi G, Bianchi A, 
Marchetti C (2018) Long-term results of osseointegrated implant-
based dental rehabilitation in oncology patients reconstructed with 
a fibula free flap. Clin Implant Dent Relat Res 20:852–859. https://​
doi.​org/​10.​1111/​cid.​12658

	34.	 Ferrari S, Copelli C, Bianchi B, Ferri A, Poli T, Ferri T, Gallesi 
P, Sesenna E, Brevi BC (2013) Rehabilitation with endosseous 
implants in fibula free-flap mandibular reconstruction: a case 
series of up to 10 years. J Craniomaxillofac Surg 41:172–178. 
https://​doi.​org/​10.​1016/j.​jcms.​2012.​07.​006

	35.	 Wijbenga JG, Schepers RH, Werker PM, Witjes MJ, Dijkstra PU 
(2016) A systematic review of functional outcome and quality of 
life following reconstruction of maxillofacial defects using vascu-
larized free fibula flaps and dental rehabilitation reveals poor data 
quality. J Plast Reconstr Aesthet Surg 69:1024–1036. https://​doi.​
org/​10.​1016/j.​bjps.​2016.​05.​003

	36.	 Raoul G, Ruhin B, Briki S, Lauwers L, Haurou Patou G, Capet JP, 
Maes JM, Ferri J (2009) Microsurgical reconstruction of the jaw 
with fibular grafts and implants. J Craniofac Surg 20:2105–2117. 
https://​doi.​org/​10.​1097/​SCS.​0b013​e3181​bec611

	37.	 Jacobsen HC, Wahnschaff F, Trenkle T, Sieg P, Hakim SG (2016) 
Oral rehabilitation with dental implants and quality of life follow-
ing mandibular reconstruction with free fibular flap. Clin Oral 
Investig 20:187–192. https://​doi.​org/​10.​1007/​s00784-​015-​1487-3

	38.	 Parbo N, Murra NT, Andersen K, Buhl J, Kiil B, Nørholt SE 
(2013) Outcome of partial mandibular reconstruction with fibula 
grafts and implant-supported prostheses. Int J Oral Maxillofac 
Surg 42(11):1403–1408. https://​doi.​org/​10.​1016/j.​ijom.​2013.​05.​
007

	39.	 Attia S, Wiltfang J, Pons-Kühnemann J, Wilbrand JF, Streckbein 
P, Kähling C, Howaldt HP, Schaaf H (2018) Survival of dental 
implants placed in vascularised fibula free flaps after jaw recon-
struction. J Craniomaxillofac Surg 46:1205–1210. https://​doi.​org/​
10.​1016/j.​jcms.​2018.​05.​008

	40.	 Roumanas ED, Markowitz BL, Lorant JA, Calcaterra TC, Jones 
NF, Beumer J 3rd (1997) Reconstructed mandibular defects: fib-
ula free flaps and osseointegrated implants. Plast Reconstr Surg 
99:356–365. https://​doi.​org/​10.​1097/​00006​534-​19970​2000-​00008

	41.	 Garrett N, Roumanas ED, Blackwell KE, Freymiller E, Abemayor 
E, Wong WK, Gerratt B, Berke G, Beumer J 3rd, Kapur KK (2006) 
Efficacy of conventional and implant-supported mandibular resec-
tion prostheses: study overview and treatment outcomes. J Prosthet 
Dent 96:13–24. https://​doi.​org/​10.​1016/j.​prosd​ent.​2006.​05.​010

	42.	 Gbara A, Darwich K, Li L, Schmelzle R, Blake F (2007) Long-
term results of jaw reconstruction with microsurgical fibula grafts 
and dental implants. J Oral Maxillofac Surg 65:1005–1009. 
https://​doi.​org/​10.​1016/j.​joms.​2006.​06.​294

	43.	 Chiapasco M, Colletti G, Romeo E, Zaniboni M, Brusati R (2008) 
Long-term results of mandibular reconstruction with autogenous 
bone grafts and oral implants after tumor resection. Clin Oral 
Implants Res 19:1074–1080. https://​doi.​org/​10.​1111/j.​1600-​0501.​
2008.​01542.x

	44.	 Jackson RS, Price DL, Arce K, Moore EJ (2016) Evaluation of 
clinical outcomes of osseointegrated dental implantation of fibula 
free flaps for mandibular reconstruction. JAMA Facial Plast Surg 
18:201–206. https://​doi.​org/​10.​1001/​jamaf​acial.​2015.​2271

	45.	 Ch’ng S, Skoracki RJ, Selber JC, Yu P, Martin JW, Hofstede TM, 
Chambers MS, Liu J, Hanasono MM (2016) Osseointegrated 
implant-based dental rehabilitation in head and neck reconstruc-
tion patients. Head Neck 38:E321–E327. https://​doi.​org/​10.​1002/​
hed.​23993

	46.	 Smolka K, Kraehenbuehl M, Eggensperger N, Hallermann W, 
Thoren H, Iizuka T, Smolka W (2008) Fibula free flap recon-
struction of the mandible in cancer patients: evaluation of a com-
bined surgical and prosthodontic treatment concept. Oral Oncol 
44:571–581. https://​doi.​org/​10.​1016/j.​oralo​ncolo​gy.​2007.​07.​005

	47.	 Teoh KH, Huryn JM, Patel S, Halpern J, Tunick S, Wong HB, 
Zlotolow IM (2005) Implant prosthodontic rehabilitation of fibula 
free-flap reconstructed mandibles: a Memorial Sloan-Kettering 
Cancer Center review of prognostic factors and implant outcomes. 
Int J Oral Maxillofac Implants 20(5):738–746

	48.	 Sozzi D, Novelli G, Silva R, Connelly ST, Tartaglia GM (2017) 
Implant rehabilitation in fibula-free flap reconstruction: a retro-
spective study of cases at 1–18 years following surgery. J Cranio-
maxillofac Surg 45:1655–1661. https://​doi.​org/​10.​1016/j.​jcms.​
2017.​06.​021

	49.	 Chiapasco M, Romeo E, Coggiola A, Brusati R (2011) Long-term 
outcome of dental implants placed in revascularized fibula free 
flaps used for the reconstruction of maxillo-mandibular defects 
due to extreme atrophy. Clin Oral Implants Res 22:83–91. https://​
doi.​org/​10.​1111/j.​1600-​0501.​2010.​01999.x

	50.	 Chiapasco M, Biglioli F, Autelitano L, Romeo E, Brusati R 
(2006) Clinical outcome of dental implants placed in fibula-free 
flaps used for the reconstruction of maxillo-mandibular defects 
following ablation for tumors or osteoradionecrosis. Clin Oral 
Implants Res 17:220–228. https://​doi.​org/​10.​1111/j.​1600-​0501.​
2005.​01212.x

	51.	 Ma H, Van Dessel J, Shujaat S, Bila M, Sun Y, Politis C, Jacobs 
R (2022) Long-term survival of implant-based oral rehabilita-
tion following maxillofacial reconstruction with vascularized 
bone flap. Int J Implant Dent 8(1):15. https://​doi.​org/​10.​1186/​
s40729-​022-​00413-7

	52.	 Goker F, Baj A, Bolzoni AR, Maiorana C, Giannì AB, Del Fab-
bro M (2020) Dental implant-based oral rehabilitation in patients 
reconstructed with free fibula flaps: clinical study with a follow-up 
3 to 6 years. Clin Implant Dent Relat Res 22:514–522. https://​doi.​
org/​10.​1111/​cid.​12928

	53.	 Nguyen TTH, Eo MY, Myoung H, Kim MJ, Kim SM (2020) 
Implant-supported fixed and removable prostheses in the fibu-
lar mandible. Int J Implant Dent 6:44. https://​doi.​org/​10.​1186/​
s40729-​020-​00241-7

	54.	 NIH Consensus Conference Statement (1988) dental implants. Int 
J Oral Maxillofac Implants 3:290–293

	55.	 Fenlon MR, Lyons A, Farrell S, Bavisha K, Banerjee A, Palmer 
RM (2012) Factors affecting survival and usefulness of implants 
placed in vascularized free composite grafts used in post-head 
and neck cancer reconstruction. Clin Implant Dent Relat Res 
14:266–272. https://​doi.​org/​10.​1111/j.​1708-​8208.​2009.​00250.x

	56.	 Schepers RH, Slagter AP, Kaanders JH, van den Hoogen FJ, 
Merkx MA (2006) Effect of postoperative radiotherapy on the 
functional result of implants placed during ablative surgery for 
oral cancer. Int J Oral Maxillofac Surg 35:803–808. https://​doi.​
org/​10.​1016/j.​ijom.​2006.​03.​007

	57.	 Landes CA, Kovács AF (2006) Comparison of early telescope 
loading of non-submerged ITI implants in irradiated and non-irra-
diated oral cancer patients. Clin Oral Implants Res 17:367–374. 
https://​doi.​org/​10.​1111/j.​1600-​0501.​2005.​01227.x

	58.	 Iizuka T, Häfliger J, Seto I, Rahal A, Mericske-Stern R, Smolka K 
(2005) Oral rehabilitation after mandibular reconstruction using 
an osteocutaneous fibula free flap with endosseous implants. Fac-
tors affecting the functional outcome in patients with oral cancer. 

https://doi.org/10.1016/s0140-6736(07)61602-x
https://doi.org/10.1111/cid.12658
https://doi.org/10.1111/cid.12658
https://doi.org/10.1016/j.jcms.2012.07.006
https://doi.org/10.1016/j.bjps.2016.05.003
https://doi.org/10.1016/j.bjps.2016.05.003
https://doi.org/10.1097/SCS.0b013e3181bec611
https://doi.org/10.1007/s00784-015-1487-3
https://doi.org/10.1016/j.ijom.2013.05.007
https://doi.org/10.1016/j.ijom.2013.05.007
https://doi.org/10.1016/j.jcms.2018.05.008
https://doi.org/10.1016/j.jcms.2018.05.008
https://doi.org/10.1097/00006534-199702000-00008
https://doi.org/10.1016/j.prosdent.2006.05.010
https://doi.org/10.1016/j.joms.2006.06.294
https://doi.org/10.1111/j.1600-0501.2008.01542.x
https://doi.org/10.1111/j.1600-0501.2008.01542.x
https://doi.org/10.1001/jamafacial.2015.2271
https://doi.org/10.1002/hed.23993
https://doi.org/10.1002/hed.23993
https://doi.org/10.1016/j.oraloncology.2007.07.005
https://doi.org/10.1016/j.jcms.2017.06.021
https://doi.org/10.1016/j.jcms.2017.06.021
https://doi.org/10.1111/j.1600-0501.2010.01999.x
https://doi.org/10.1111/j.1600-0501.2010.01999.x
https://doi.org/10.1111/j.1600-0501.2005.01212.x
https://doi.org/10.1111/j.1600-0501.2005.01212.x
https://doi.org/10.1186/s40729-022-00413-7
https://doi.org/10.1186/s40729-022-00413-7
https://doi.org/10.1111/cid.12928
https://doi.org/10.1111/cid.12928
https://doi.org/10.1186/s40729-020-00241-7
https://doi.org/10.1186/s40729-020-00241-7
https://doi.org/10.1111/j.1708-8208.2009.00250.x
https://doi.org/10.1016/j.ijom.2006.03.007
https://doi.org/10.1016/j.ijom.2006.03.007
https://doi.org/10.1111/j.1600-0501.2005.01227.x


7751Clinical Oral Investigations (2023) 27:7737–7751	

1 3

Clin Oral Implants Res 16:69–79. https://​doi.​org/​10.​1111/j.​1600-​
0501.​2004.​01076.x

	59.	 Schoen PJ, Reintsema H, Raghoebar GM, Vissink A, Roodenburg 
JL (2004) The use of implant retained mandibular prostheses in 
the oral rehabilitation of head and neck cancer patients. A review 
and rationale for treatment planning. Oral Oncol 40:862–871. 
https://​doi.​org/​10.​1016/j.​oralo​ncolo​gy.​2003.​08.​024

	60.	 Pompa G, Saccucci M, Di Carlo G, Brauner E, Valentini V, Di 
Carlo S, Gentile T, Guarino G, Polimeni A (2015) Survival of 
dental implants in patients with oral cancer treated by surgery 
and radiotherapy: a retrospective study. BMC Oral Health 15:5. 
https://​doi.​org/​10.​1186/​1472-​6831-​15-5

	61.	 Karoussis IK, Brägger U, Salvi GE, Bürgin W, Lang NP (2004) 
Effect of implant design on survival and success rates of titanium 
oral implants: a 10-year prospective cohort study of the ITI Dental 
Implant System. Clin Oral Implants Res 15:8–17. https://​doi.​org/​
10.​1111/j.​1600-​0501.​2004.​00983.x

	62.	 Karoussis IK, Salvi GE, Heitz-Mayfield LJ, Brägger U, Hämmerle 
CH, Lang NP (2003) Long-term implant prognosis in patients with 
and without a history of chronic periodontitis: a 10-year prospective 
cohort study of the ITI Dental Implant System. Clin Oral Implants 
Res 14:329–339. https://​doi.​org/​10.​1034/j.​1600-​0501.​000.​00934.x

	63.	 Derks J, Tomasi C (2015) Peri-implant health and disease. A 
systematic review of current epidemiology. J Clin Periodontol 
42:S158–S171. https://​doi.​org/​10.​1111/​jcpe.​12334

	64.	 Papaspyridakos P, Chen CJ, Singh M, Weber HP, Gallucci GO 
(2012) Success criteria in implant dentistry: a systematic review. J 
Dent Res 91:242–248. https://​doi.​org/​10.​1177/​00220​34511​431252

	65.	 Lee CT, Huang YW, Zhu L, Weltman R (2017) Prevalences of 
peri-implantitis and peri-implant mucositis: systematic review 
and meta-analysis. J Dent 62:1–12. https://​doi.​org/​10.​1016/j.​jdent.​
2017.​04.​011

	66.	 Koldsland OC, Scheie AA, Aass AM (2010) Prevalence of peri-
implantitis related to severity of the disease with different degrees 
of bone loss. J Periodontol 81:231–238. https://​doi.​org/​10.​1902/​
jop.​2009.​090269

	67.	 Koldsland OC, Scheie AA, Aass AM (2011) The association 
between selected risk indicators and severity of peri-implantitis 
using mixed model analyses. J Clin Periodontol 38:285–292. 
https://​doi.​org/​10.​1111/j.​1600-​051X.​2010.​01659.x

	68.	 Dreyer H, Grischke J, Tiede C, Eberhard J, Schweitzer A, Toik-
kanen SE, Glöckner S, Krause G, Stiesch M (2018) Epidemiology 
and risk factors of peri-implantitis: a systematic review. J Peri-
odontal Res 53:657–681. https://​doi.​org/​10.​1111/​jre.​12562

	69.	 Patel SY, Kim DD, Ghali GE (2019) Maxillofacial reconstruction 
using vascularized fibula free flaps and endosseous implants. Oral 
Maxillofac Surg Clin North Am 31:259–284. https://​doi.​org/​10.​
1016/j.​coms.​2018.​12.​005

	70.	 Brennan M, Houston F, O’Sullivan M, O’Connell B (2010) Patient 
satisfaction and oral health-related quality of life outcomes of 
implant overdentures and fixed complete dentures. Int J Oral Max-
illofac Implants 25:791–800

	71.	 Roccuzzo A, Imber JC, Salvi GE, Roccuzzo M (2023) Peri-
implantitis as the consequence of errors in implant therapy. Peri-
odontol 2000. https://​doi.​org/​10.​1111/​prd.​12482

	72.	 Jepsen S, Berglundh T, Genco R, Aass AM, Demirel K, Derks J, 
Figuero E, Giovannoli JL, Goldstein M, Lambert F, Ortiz-Vigon 
A, Polyzois I, Salvi GE, Schwarz F, Serino G, Tomasi C, Zitz-
mann NU (2015) Primary prevention of peri-implantitis: man-
aging peri-implant mucositis. J Clin Periodontol 42:S152–S157. 
https://​doi.​org/​10.​1111/​jcpe.​12369

	73.	 Tomasi C, Derks J (2000) Etiology, occurrence, and consequences 
of implant loss. Periodontol 2000 88:13–35. https://​doi.​org/​10.​
1111/​prd.​12408

	74.	 Roccuzzo M, De Angelis N, Bonino L, Aglietta M (2010) Ten-
year results of a three-arm prospective cohort study on implants 
in periodontally compromised patients. Part 1: implant loss and 
radiographic bone loss. Clin Oral Implants Res 21:490–496. 
https://​doi.​org/​10.​1111/j.​1600-​0501.​2009.​01886.x

	75.	 Roccuzzo M, Bonino F, Aglietta M, Dalmasso P (2012) Ten-year 
results of a three arms prospective cohort study on implants in 
periodontally compromised patients. Part 2: clinical results. Clin 
Oral Implants Res 23:389–395. https://​doi.​org/​10.​1111/j.​1600-​
0501.​2011.​02309.x

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1600-0501.2004.01076.x
https://doi.org/10.1111/j.1600-0501.2004.01076.x
https://doi.org/10.1016/j.oraloncology.2003.08.024
https://doi.org/10.1186/1472-6831-15-5
https://doi.org/10.1111/j.1600-0501.2004.00983.x
https://doi.org/10.1111/j.1600-0501.2004.00983.x
https://doi.org/10.1034/j.1600-0501.000.00934.x
https://doi.org/10.1111/jcpe.12334
https://doi.org/10.1177/0022034511431252
https://doi.org/10.1016/j.jdent.2017.04.011
https://doi.org/10.1016/j.jdent.2017.04.011
https://doi.org/10.1902/jop.2009.090269
https://doi.org/10.1902/jop.2009.090269
https://doi.org/10.1111/j.1600-051X.2010.01659.x
https://doi.org/10.1111/jre.12562
https://doi.org/10.1016/j.coms.2018.12.005
https://doi.org/10.1016/j.coms.2018.12.005
https://doi.org/10.1111/prd.12482
https://doi.org/10.1111/jcpe.12369
https://doi.org/10.1111/prd.12408
https://doi.org/10.1111/prd.12408
https://doi.org/10.1111/j.1600-0501.2009.01886.x
https://doi.org/10.1111/j.1600-0501.2011.02309.x
https://doi.org/10.1111/j.1600-0501.2011.02309.x

	Clinical outcomes and periodontal conditions of dental implants placed in free fibula flaps (FFF): a retrospective study with a mean follow-up of 6 years
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Study design
	Surgical protocol for FFF
	Implant placement and prosthetic protocol
	Outcomes of the study: oral hygiene evaluation
	Outcomes of the study: soft tissues conditions
	Outcomes of the study: implant survival and implant success
	Data management and statistical analysis

	Results
	Patient-reported oral hygiene habits
	Implant survival
	Soft tissues conditions
	Prevalence of peri-implantitis and implant success

	Discussion
	Conclusions
	References


