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Objective: In the multimodal treatment of advanced head and neck
malignancies, primary free flap reconstruction in a one stage procedure with
tumor resection is frequently combined with adjuvant radiotherapy.
Radiotherapy is known to exhibit side effects on transplanted free flaps,
including osteoradionecrosis (ORN) of native and transplanted bone. This study
aims to evaluate the therapeutic outcomes and potential predictors of free flap
ORN within osseous free flaps based on a large-scale, single-center database.

Methods: A retrospective analysis was conducted on patients who underwent
osseous free flap reconstruction of maxilla or mandible in a one stage procedure
followed by adjuvant radiotherapy due to an advanced head and neck
malignancy between April 2017 and July 2023. After case matching, patients
with and without free flap ORN were assessed for potential predictors using
univariate and multivariate analysis.

Results: 112 patients met the inclusion criteria. 21 patients (19%) developed ORN
within the free flap. Following case matching, 42 patients (10 females, mean age
61.5 + 9.1 years) were included in the final analysis. The mean time to ORN
diagnosis was 19 (7-56) months after surgery. Total flap loss occurred in 7
patients (33%) following flap ORN. Smoking (76% vs. 38%; OR 5.78; p=0.03) and
prior plate exposure (67% vs. 24%; OR 5.61; p=0.03) emerged as robust
predictors of flap ORN in uni- and multivariate analysis.

Conclusion: Osseous free flap ORN is a severe radiooncologic complication,
often resulting in total flap loss and subsequently increased morbidity. Smoking
and prior plate exposure were identified as key predictors of flap ORN
development. Individual risk assessment and careful evaluation of osseous free
flap irradiation must be evaluated in future radiooncological concepts.
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1 Introduction

The contemporary treatment of head and neck malignancies often
involves multimodal approaches, including radiotherapy combined
with microvascular reconstruction using osseous free flaps.
Autologous microvascular free flaps are the gold standard for
reconstructing extensive defects following resection of malignant
and benign tumors, trauma, osteoradionecrosis and osteomyelitis.
Alternative procedures include regional flaps or osteosynthesis plates
combined with local flaps, although these options compromise
functionality and aesthetic outcomes. Despite constant
advancements in both surgery and radiotherapy, extensive
complications can still arise following the irradiation of osseous free
flaps. These complications include bone exposure, osseous non-union,
and, notably, osteoradionecrosis (ORN) developing within these
radiovulnerable and initially healthy transplanted tissues (1, 2).

While the risk factors and potential pathomechanisms of ORN
have been extensively studied in relation to the native mandible,
there is a significant gap in the literature regarding its formation
within osseous free flaps. Some of these studies suggest that osseous
free flaps should be considered structures at risk during
postoperative radiotherapy to mitigate long-term complications
(2, 3). ORN formation in osseous free flaps has been observed at
doses exceeding 60 Gy (4, 5); however, previous works from our
group did not find elevated doses associated with free flap ORN
formation. Additionally, free flap ORN have been frequently noted
near patient-specific reconstruction plates (6).

Despite these observations, individual risk factors and
pathomechanistic features, such as vascular parameters (7), have not
been adequately identified for ORN formation in osseous free flaps.
Given the initially linear blood supply via the vascular pedicle, osseous
free flaps offer a suitable platform for studying these vascular
parameters. Considering the complications that can arise from free
flap irradiation and the associated reduction in dental rehabilitation
outcomes with implants (8-10), this topic holds significant clinical
relevance, particularly in the context of immediate tumor resection and
reconstruction with microvascular flaps (11).

In this single-center, retrospective study, we employ a matched-
pair analysis of irradiated osseous free flaps to identify individual,
surgical and radiooncological risk factors associated with
ORN formation.

2 Materials and methods

2.1 Study cohort

Ethical approval was obtained by the local ethics committee at
the Charite Universititsmedizin Berlin (EA2/077/20). Patients who
received radiotherapy after osseous free flap surgery following oral
cancer resection between April 2017 and July 2023 at the
Department of Oral and Maxillofacial Surgery at the Charite
Universititsmedizin Berlin, Germany, were identified. The
inclusion criteria were: (1) patients receiving radiotherapy to
osseous flaps who were (2) at least 18 years of age at the time of
surgery, (3) received a microvascular osseous free flap (fibula,
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scapula, iliac crest) following (4) resection of head and neck
malignancies. Patients with available follow-up below 90 days
after transplant surgery were excluded (Figure 1).

2.2 Outcomes and analyzed variables

The primary endpoint was the occurrence of ORN inside the
transplanted osseous flap. ORN was diagnosed in previously
irradiated osseous flaps showing bone exposure with or without
inflammation and radiological signs of osteonecrosis. After surgical
intervention, tissues were pathologically examined. Patient (sex,
age, constitutional data, comorbidities), initial disease (tumor and
peri-interventional specifications), and treatment characteristic
(resection area, flap specifications, PORT data, dental
rehabilitation with implants, complications and treatment) as well
as follow-up documentations were collected until July 2024.

2.3 Case matching

To account for potential confounders and improve
comparability, we performed a matched-pair analysis. Each
patient with flap ORN was matched with an irradiated patient
without flap ORN. Matching criteria, in ranked order, included
reconstruction site (mandibula, maxilla), age, gender and time of
follow-up. We employed a nearest neighbor matching algorithm
without replacement using SPSS, Version 29 (IBM Corp.). All
eligible patients were successfully matched, and the final analysis
was conducted using this matched cohort.

2.4 Analysis of radiation treatment plans

Osseous aspects of free flaps were manually contoured for each
axial slice in the planning computed tomography (CT) of the
original treatment plan using the software ARIA OIS, Version 16
(Varian Medical Systems). Osteosynthesis material was excluded
from the retrospectively contoured volume. General treatment
specifications (fractions, total doses, treatment mode and
duration) were documented. Applied mean (Dmean) and
maximum doses (Dmax) to the flap and volumes exposed to 35-
70 Gy (V35-70) were calculated from the dose-volume-histograms
in 5 Gy steps (12, 13).

2.5 Statistical analysis

All statistical calculations were performed using SPSS, Version
29 (IBM Corp.). Results were considered statistically significant if
the p-value was <0.05. Inclusion of the null value in the 95%-
confidence interval (CI) of odds ratios (OR) was recorded as non-
significant, while non-inclusion was recorded as significant. For
qualitative variables, comparisons between patients with and
without ORN were made using the Chi-squared test. In cases
where the expected cell counts were below five, Fisher’s exact test
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Patient identification
Adult patients, who received an
osseous free flap
04/2017 - 07/2023
(N =437)

Excluded patients
¢ Indication # Malignant tumor (n = 122)
¢ Follow-up <90 days (n = 4)
* No postoperative radiotherapy (n = 199)

— e

FIGURE 1

Patient inclusion and case matching process. (ORN, Osteoradionecrosis).

was used instead. For quantitative variables, the distribution was
first assessed for normality using the Shapiro-Wilk test. Based on
the results, Mann-Whitney U test was conducted to compare means
between the groups. OR and 95%-CI were subsequently calculated
via binary logistic regression for quantitative variables. Parameters
that showed significant differences (p < 0.05) in these univariate
analyses were subsequently included in a multivariate analysis.
Specifically, a binary logistic regression was performed to identify
independent risk factors for the development of ORN in the osseous
flaps. The discriminative ability of the model was assessed using a
receiver operating characteristics (ROC) curve. The area under the
curve (AUC) was calculated to evaluate the predictive performance.

3 Results
3.1 Patient characteristics

A total of 112 patients met the inclusion criteria. 21 patients (19%)
presented with flap ORN. After matching, 42 patients were included
and divided in two groups: irradiated patients with and without flap
ORN. All analyzed patients were initially diagnosed with oral
squamous cell carcinomas. The mean follow-up time was 38 (6-81)
months, 10 (24%) patients were female. The mean age at surgery was
61.5 (SD 9.1) years. In univariate analysis, patients who developed flap
ORN had a higher prevalence of preoperative history of smoking (76%
vs. 38%; OR 5.20; 95%-CI [1.37;19.87); p=0.01) (Table 1).

3.2 Surgery and treatment
specific parameters

Fibula, scapula and deep circumflex iliac artery free flaps were used
for reconstruction. 95% (n=20) of flap ORN occurred in the mandible.
Likewise, 95% (n=107) of all flaps in the initial cohort were placed in
the mandible. All patients received intravenous antibiotics
postoperatively for one week. If infections in the flap area occurred,
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(n=21)

—>

Case
Matching

No Free Flap ORN
(n=21)

local antiseptics and oral antibiotics were administered. Oral
rehabilitation with dental implants did not significantly differ
between both groups. In univariate analysis, patients who developed
flap ORN had a higher prevalence plate exposure prior to ORN
diagnosis (67% vs. 24%; OR 6.40; 95%-CI [1.65;24.77]; p=0.005)
(Table 2). ORN occurred either in the anterior or posterior flap
regions or circular around the flap segments. All ORN lesions were
mainly located on the vestibular aspect of the flaps, mostly adjacent to
osteosynthesis materials. Posterior ORN lesions (24%) exhibited prior
plate exposure in 80% of cases and were initially covered by skin
paddles in 80% of cases. Circular ORN lesions (28%) had exposed
plates in 66% of cases and were initially covered by skin paddles in 83%
of cases. All posterior and circular lesions occurred next to
reconstruction plates. Anterior ORN lesions (48%) showed prior
plate exposure in 60% of cases and were initially covered by skin
paddles in 50% of cases. Anterior lesions occurred next to
reconstruction plates in 50% and next to mini plates in 50% of cases.

3.3 Radiooncological parameters

Radiotherapy (RT) was delivered as proton therapy via
volumetric modulated arc therapy (VMAT) in all cases. The
mean RT duration was 39.4 days (SD 7.5). The high risk area
received a mean dose of 60.2 Gy (SD 4.4) in mean fractions of 2.2
Gy (SD 0.1) per day. The mean duration of RT was significantly
longer in patients with flap ORN (41.86 vs. 36.86 days;
p=0.04) (Table 3).

3.4 Therapeutic consequences of Flap ORN

The mean time to flap ORN diagnosis was 19 (7-56) months
after surgery. Notably, 86% (n=18) of cases were diagnosed within
22 months after surgery. Three cases were diagnosed later (31, 35
and 56 months). A total of 7 complete flap losses (33%) occurred
following flap ORN diagnosis. Of these, 6 patients (86%) received a
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TABLE 1 Patient characteristics and comorbidities.
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Variable Flap ORN No Flap ORN OR
No. (%) No. (%) [95%-Cl]
Female 5 (24%) 5 (24%) >0.99 1.00 [0.24;4.14]
Mean Age at surgery (SD) 62.2 (8.8) 60.7 (9.6) 0.44 1.02 [0.95;1.09]
Mean BMI (SD) 229 (3.8) 245 (5.1) 0.15 0.92 [0.80;1.06]
Mean Follow-up time in months (SD) 38.2 (21.1) 38.4 (18.7) 0.80 1.00 [0.97;1.03]
Mean hospitalization in days (SD) 20.6 (9.0) 19.7 (7.7) 0.95 1.01 [0.94;1.09]
Comorbidities

Smoking 16 (76%) 8 (38%) 0.01 5.20 [1.37;19.78]
Alcohol abuse 11 (52%) 8 (33%) 021 2.20 [0.637.66]
Diabetes mellitus 2 (10%) 2 (10%) >0.99 1.00 [0.13;7.85]
Arteriosclerosis 2 (10%) 3 (14%) >0.99 0.63 [0.09;4.23]
Hyperlipidemia 2 (10%) 1 (5%) >0.99 2.11 [0.18;25.17]

History of thrombosis 2 (10%) 0 (0%) 0.49 n.a.

(ORN, Osteoradionecrosis; SD, standard deviation; OR, odds ratio; CI, confidence interval; BMI, body mass index).

Underlined and bold values indicate statistical significance.

new osseous free flap and 1 (14%) received a new soft tissue free flap
in combination with a 3.0 mm load-bearing reconstruction plate. 14
flaps (66%) remained in situ. Among these, 4 flaps (29%) were
treated with sequestrectomy, iliac crest bone graft and platelet-rich
fibrin (PRF) application, 3 (21%) with sequestrectomy and PRF
application and 1 (7%) with sequestrectomy and alloplastic
coverage. Additionally, 3 patients (21%) required extraoral soft
tissue free flaps to achieve sufficient wound closure. 3 flaps (21%)

TABLE 2 Surgery and treatment specifications.

Variable Flap ORN

No. (%)

were successfully managed conservatively via curettage and
disinfection of necrotic areas (Figure 2).

3.5 Multivariate analysis

In the multivariate binary logistic regression analysis, smoking,
plate exposure and duration of RT were examined for their

No Flap ORN OR
No. (%) [95%-Cl]

Reconstruction site

Mandible 20 (95%) 20 (95%) >0.99 1.00 [0.06;17.12]
Maxilla 1 (5%) 1 (5%) >0.99 1.00 [0.06;17.12]
Mean surgery duration in minutes (SD) 602.5 (181.3) 574.2 (109.6) 0.44 1.00 [1.00;1.01]
Donor site
Fibula free flap 18 (86%) 20 (95%) 0.60 0.30 [0.03;3.15]
Scapula free flap 2 (10%) 1 (5%) >0.99 2.11 [0.18;25.17]
Deep circumflex iliac artery free flap 1 (5%) 0 (0%) >0.99 n.a.
Intraoral skin paddle 11 (52%) 6 (29%) 0.12 2.75 [0.77;9.86]
Extraoral skin paddle 4 (20%) 2 (10%) 0.66 2.24 [0.36;13.78]
HCL classification of mandibular defects
H 2 (10%) 1 (5%) >0.99 2.11 [0.18;25.17]
L 4 (19%) 5 (24%) 0.71 0.75 [0.17;3.31]
C 0 (0%) 0 (0%) n.a. n.a.
(Continued)
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TABLE 2 Continued

Variable Flap ORN No Flap ORN OR

No. (%) No. (%) [95%-Cl]

HCL classification of mandibular defects

LC 9 (43%) 6 (29%) 0.33 1.88 [0.52:6.76]
LCL 6 (28%) 9 (42%) 0.33 0.53 [0.15;1.92]
Osteosynthesis type
Patient-specific 3D-printed reconstruction plate 15 (71%) 13 (62%) 0.51 1.54 [0.42;5.61]
Patient-specific 3D-printed 0 (0%) 2 (10%) 0.49 n.a.

mini plates

Patient-specific 3D-printed reconstruction and 6 (29%) 5 (24%) 0.73 1.28 [0.32;5.09]
mini plates

Handbent plates 0 (0%) 1 (4%) >0.99 n.a.

ORN-specific risk factors

Plate exposure 14 (67%) 5 (24%) 0.005 6.40 [1.65;24.77]

Plate removal 8 (38%) (38%) >0.99 1.00 [0.29;3.48]
Inadequate oral hygiene 6 (29%) 2 (10%) 0.24 3.80 [0.67;21.59]
Infection in flap area 11 (52%) 6 (29%) 0.12 2.75 [0.77;9.86]
Dental implant placement 2 (10%) 2 (10%) >0.99 1.00 [0.13;7.85]
Bite marks in flap area 1 (5%) 1 (5%) >0.99 1.00 [0.06;17.12]

(ORN, Osteoradionecrosis; SD, standard deviation; OR, odds ratio; CI, confidence interval).
Underlined and bold values indicate statistical significance.

association with the development of flap ORN. The logistic = Lemeshow goodness-of-fit test indicated a good fit (p = 0.64).
regression model was statistically significant %*(3) = 15.91, p Smoking (OR 5.78; 95%-CI [1.20;27.92]; p = 0.03) and plate
0.001 with a good amount of explained variance (Nagelkerke R? exposure (OR 5.61; 95%-CI [1.18;26.66]; p = 0.03) remained
0.42), a specificity and sensitivity of each 76.2%. The Hosmer-  significant predictors of flap ORN. The ROC-AUC was 0.83

TABLE 3 Radiation exposure to osseous free flaps.

Variable Flap ORN No Flap ORN p

Mean duration of RT in days (SD) 41.86 (6.9) 36.86 (7.5) 0.04
Mean high risk area dose in Gy (SD) 61.11 (4.5) 59.18 (4.3) 0.21
Mean fractions per day in Gy (SD) 2.16 (0.1) 2.17 (0.1) 0.52
Dmax on Free Flap in Gy (SD) 63.22 (4.8) 61.99 (4.8) 0.68
Dmean on Free Flap in Gy (SD) 59.59 (5.1) 58.07 (3.8) 0.51

Mean V35 [%] (SD) 100% (0) 100% (0) >0.99

Mean V40 [%] (SD) 100% (0) 99.9% (0.2) 0.32

Mean V45 [%] (SD) 99.8% (0.3) 99.9% (0.4) 0.97

Mean V50 [%] (SD) 99.2% (2.0) 99.2% (2.0) 0.95

Mean V55 [%] (SD) 89.6% (18.7) 81.7% (24.9) 0.19

Mean V60 [%] (SD) 49.7% (48.9) 35.2% (44.5) 0.31

Mean V65 [%] (SD) 16.8% (31.0) 10.7% (23.4) 0.58

Mean V70 [%] (SD) 6.5% (22.9) 4.8% (21.8) 0.57

Concomitant systemic Chemotherapy 9 (43%) 7 (33%) 0.53

Anamnestic head-neck RT 1 (5%) 1 (5%) >0.99

(ORN, Osteoradionecrosis; SD, standard deviation; Vx [%], flap volume that receives a radiation dose of x Gray; RT, Radiotherapy).
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FIGURE 2

Clinical presentation of free flap osteoradionecrosis. (A, B) show sequences of the neomandibula prior to radiotherapy. (C, D) show sequences of the
same transplant after partial plate removal and osteoradionecrosis diagnosis. (E, F) show clinical aspects of intraorally exposed necrotic bone aspects

due to osteoradionecrosis.

(95%-CI [0.70;0.95]), indicating a good ability to distinguish
between ORN and no ORN.

4 Discussion

While many studies have investigated the role of radiotherapy and
specific risk factors in the formation of mandibular ORN (14-18),
factors contributing to ORN formation in head and neck osseous free
flaps remain largely unknown. This study is the first to assess patient-
and surgery-specific predictors of free flap ORN based on a large-scale
single-center cohort. To analyze potential predictors in a relatively
homogenous cohort, we conducted a matched-pair analysis to control
for potential confounders such as gender, age, follow-up time and
reconstruction site.

In this study, 19% of all irradiated osseous free flaps developed
ORN inside the flap. Of these cases, 33% resulted in complete flap
loss, requiring surgical intervention. In most of these cases,
additional free flaps, setting the patient at risk for general
anesthesia related complications and increased donor site
morbidity, were necessary. All other ORN-affected flaps were
managed conservatively. Nevertheless, subsequent dental
rehabilitation with implants was not achievable in conservatively
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managed flaps, counteracting one of the main purposes of osseous
reconstructions. Therapeutically, conservative management of flap
ORN may also benefit from more recently introduced regimes for
native bone. For instance, the pentoxifylline-tocopherol-clodronate
(PENTOCLO) protocol may be applied for osseous flaps as well and
could possibly prevent severe cases (19, 20). Future therapeutical
concepts in flap ORN should also account for previously applied
radiation doses to optimize surgical outcomes as described before
(21, 22). These findings provide both epidemiological and
therapeutic insights into free flap ORN. Since the primary goal of
reconstructive surgery is to offer patients long-lasting, functional
solutions, flap irradiation significantly compromises these outcomes
in a substantial number of cases, raising the question about how to
prevent such serious consequences.

Previous studies have focused primarily on radiooncologic
parameters, whereas this study aimed to also identify patient- and
therapy-specific predictors. In both uni- and multivariate analysis,
history of smoking emerged as a robust predictor, present in 75% of
patients with flap ORN. This association has also been previously
described for mandibular ORN formation (16-18). Mechanistically,
smoking is known to influence vascularity, promote tissue ischemia
and to impair healing processes (23-25), which may contribute to
the pathogenesis of ORN in osseous free flaps. Additionally, the
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adverse effects of smoking are exacerbated by simultaneous alcohol
abuse. Although not statistically significant, 52% of patients with
flap ORN had a history of alcohol abuse, compared to 33% in the
control group. Excessive alcohol consumption has previously been
linked to mandibular ORN (26), and its potential role in free flap
ORN should not be dismissed. Further studies are needed to assess
toxic effects of both substances on ORN formation. These results
highlight the need for enhanced risk assessment in patients
undergoing postoperative radiotherapy after osseous free flap
reconstruction, particularly among smokers. Moreover, smoking
is a known risk factor for implant placement. Hence, dental
rehabilitation with implants in patients with irradiated flaps and a
history of smoking should be questioned (27). Patients with a
history of smoking should undergo close monitoring, with
frequent follow-up visits focusing on early signs of ORN in
osseous flap areas.

In addition to smoking as a vascular risk factor, we also
investigated other vascular parameters in this cohort. Anamnestic
factors such as atherosclerosis, hyperlipidemia or history of
thrombosis did not significantly influence ORN formation.
However, the small number of cases must be taken into account.
Nevertheless, the role of aberrant fluid dynamics, particularly after
radiotherapy, remains a topic of interest. Given radiotherapy’s
known vascular damage potential (28, 29) and ORN’s initial
vascular etiology (7, 30), the effects of blood flow dynamics
warrant further investigation. A previous study has already linked
external carotid artery stenosis after radiotherapy with mandibular
ORN formation (31). This observation may also be relevant to free
flap ORN.

Another surgical aspect examined was the impact of different
osteosynthesis plates. A previous study reported two cases of severe
free flap ORN adjacent to patient-specific 3D-printed (PS-3D)
reconstruction plates (6). Our results did not confirm this
association in cohort comparison; however, nearly all patients
received PS-3D plates (98%), with the majority receiving PS-3D
reconstruction plates (68%). Moreover, prior plate exposure was
significantly higher in ORN flaps. If plates and subsequently osseous
flap aspects are exposed to the oral microbiome, potential infections
and tissue damages occur more likely (32). If the healing capacity is
reduced due to prior radiotherapy and even smoking, chances of
ORN development could be higher. Additionally, analysis of sub-
flap location revealed a refined insight. In fact, all posterior and
circular lesions, as well as 50% of anterior lesions occurred next to
reconstruction plates. With most of posterior and circular lesions
being initially covered by skin paddles but still showing exposed
plates in most cases, reconstruction plates may produce a significant
amount of scatter radiation or even hyperthermia which
subsequently damage covering tissues. Anterior flap aspects are
not covered with skin paddles as frequently due to the consequential
bulky soft tissue situation. While prior plate exposure occurred in
the majority of anterior ORN cases, only 50% occurred in the
presence of reconstruction plates, due to the common use of mini
plates in this region (33-35). As a result, we assume that irradiation
of reconstruction plates may produce more soft tissue damage and
leads to plate exposure even though they are mostly covered by skin

Frontiers in Oncology

10.3389/fonc.2025.1527149

paddles. Conversely, mini plates could cause lower amounts of
scatter irradiation but ORN lesions still occur possibly due to
frequent plate exposure following higher biomechanical load in
the anterior segment (36) and infrequent skin paddle coverage. The
influence of plate geometry and materials on scatter radiation and
dose inaccuracy should be further explored through in-silico and
experimental studies.

While our results provide evidence of risk factors for free flap
ORN, several open questions remain regarding its pathogenesis.
Specifically, the influence of dose-toxicity relationship on flap ORN
formation remains under debate due to conflicting findings (12). To
date, dose-toxicity relationships have only been assessed in osseous
aspects of free flaps. This study introduces the potential contribution
of osteosynthesis materials, suggesting that their irradiation plays a
role in tissue damage and subsequent ORN formation. Further
research should also examine the impact of vessel irradiation on
ORN formation. Additionally, defining the osseous free flap as
structures at risk and delineating the flap should especially be
considered in the context of immediate reconstruction, as
previously proposed (2, 11, 37). By doing so, the risk of free flap
ORN could be drastically reduced, sparing patients from extensive
and morbidity-increasing complications, such as unnecessary flap
loss and re-transplantation. Furthermore, if osseous flap aspects
received no radiation, the study of dose-toxicity relationships and
the testing of dose constraints may become unnecessary, as the risk
for ORN and subsequent revision surgery would be negligible. While
feasibility and prospective studies are needed, close follow-up
focusing on flap ORN in at-risk patients is currently recommended.

4.1 Limitations

This study has several limitations. First, while case matching
allows for cohort homogenization, some patients were excluded
from the analysis, potentially leading to underreporting of
predictors. Secondly, the small sample size may reduce the
generalizability of the results. Third, flap delineation was done
post-hoc on the initial planning computed tomography, limiting
interpretability of radiation-specific results. Lastly, since only one
ORN case occurred in the maxilla, our findings mainly apply to
mandibular pathologies.

4.2 Conclusions

In this single-center retrospective matched-case study, smoking
and plate exposure were identified as strong predictors of osseous
free flap ORN formation. Additionally, the study provides extensive
insights into therapeutic implications of free flap ORN, showing
that this side effect of radiotherapy can lead to severe consequences.
A significant proportion of affected patients required a new
transplant, substantially increasing morbidity. These results
emphasize the need for individualized risk assessment and critical
evaluation of osseous free flap irradiation in future
radiooncological concepts.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1527149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Fenske et al.

Data availability statement

The datasets presented in this article are not readily available
because the data are therapy-specific patient data. Requests to
access the datasets should be directed to Jakob Fenske,
jakob.fenske@charite.de.

Ethics statement

The studies involving humans were approved by Charite
Universititsmedizin Ethics Committee. The studies were
conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin because The study design
was a retrospective data analysis.

Author contributions

JEF: Conceptualization, Formal analysis, Investigation,
Methodology, Visualization, Writing - original draft, Writing -
review & editing. PL: Data curation, Writing - review & editing. EN:
Data curation, Validation, Writing — review & editing. CS: Data
curation, Writing - review & editing. MB: Supervision, Validation,
Writing - review & editing. NN: Writing - review & editing. SN:
Writing - review & editing. MH: Resources, Validation, Writing -
review & editing. FM: Resources, Writing - review & editing. SK:
Resources, Writing - review & editing. CR: Conceptualization,
Funding acquisition, Project administration, Supervision,
Validation, Writing - review & editing.

References

1. Steffen C, Soares AP, Heintzelmann T, Fischer H, Voss JO, Nahles S, et al. Impact
of the adjacent bone on pseudarthrosis in mandibular reconstruction with fibula free
flaps. Head Face Med. (2023) 19:43. doi: 10.1186/s13005-023-00389-8

2. Carsuzaa F, Lapeyre M, Gregoire V, Maingon P, Beddok A, Marcy PY, et al.
Recommendations for postoperative radiotherapy in head & neck squamous cell
carcinoma in the presence of flaps: A GORTEC internationally-reviewed HNCIG-
endorsed consensus. Radiother Oncol ] Eur Soc Ther Radiol Oncol. (2021) 160:140-7.
doi: 10.1016/j.radonc.2021.04.026

3. Le Guevelou J, Bastit V, Marcy PY, Lasne-Cardon A, Guzene L, Gerard M, et al.
Flap delineation guidelines in postoperative head and neck radiation therapy for head
and neck cancers. Radiother Oncol ] Eur Soc Ther Radiol Oncol. (2020) 151:256-65.
doi: 10.1016/j.radonc.2020.08.025

4. Gérard M, Le Guevelou J, Jacksic N, Lequesne ], Bastit V, Géry B, et al.
Postoperative radiotherapy after flap reconstructive surgery in patients with head
and neck cancer: A retrospective monocentric study with flap delineation to assess
toxicity and relapse. Cancer Radiother ] Soc Francaise Radiother Oncol. (2020) 24:851—
9. doi: 10.1016/j.canrad.2020.06.024

5. Dziegielewski PT, Bernard S, Mendenhall WM, Hitchock KE, Parker Gibbs C,
Wang J, et al. Osteoradionecrosis in osseous free flap reconstruction: Risk factors and
treatment. Head Neck. (2020) 42:1928-38. doi: 10.1002/hed.26118

6. Daar DA, Byun DJ, Spuhler K, Anzai L, Witek L, Barbee D, et al. Early-onset
osteoradionecrosis following adjuvant volumetric-modulated arc therapy to an
osteocutaneous free fibula flap with customized titanium plate. J Stomatol Oral
Maxillofac Surg. (2022) 123:e454-7. doi: 10.1016/j.jormas.2021.12.004

7. Curi MM, Cardoso CL, de Lima HG, Kowalski LP, Martins MD. Histopathologic
and histomorphometric analysis of irradiation injury in bone and the surrounding soft

Frontiers in Oncology

10.3389/fonc.2025.1527149

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was funded by the German Research Foundation (DFG,
RE 4803/1-1).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Generative Al statement

The author(s) declare that Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

tissues of the jaws. J Oral Maxillofac Surg Off ] Am Assoc Oral Maxillofac Surg. (2016)
74:190-9. doi: 10.1016/j.joms.2015.07.009

8. Rendenbach C, Steffen C, Hanken H, Schluermann K, Henningsen A, Beck-
Broichsitter B, et al. Complication rates and clinical outcomes of osseous free flaps: a
retrospective comparison of CAD/CAM versus conventional fixation in 128 patients.
Int ] Oral Maxillofac Surg. (2019) 48:1156-62. doi: 10.1016/j.ijom.2019.01.029

9. Pellegrino G, Tarsitano A, Ferri A, Corinaldesi G, Bianchi A, Marchetti C. Long-
term results of osseointegrated implant-based dental rehabilitation in oncology patients
reconstructed with a fibula free flap. Clin Implant Dent Relat Res. (2018) 20:852-9.
doi: 10.1111/cid.2018.20.issue-5

10. Liu YB, Wu D, Wang JY, Lun XH, Dai W. Meta-analysis of the survival rate and
postoperative infection rate of primary and secondary implants after vascularized fibula
transplantation for reconstruction of jaw defects. Int ] Implant Dent. (2023) 9:51. doi: 10.1186/
540729-023-00514-x

11. Registry to Collect Data on Patients Undergoing Segmental Mandibular
Defect Reconstruction Following Oral Squamous Cell Carcinoma Resection.
ClinicalTrials.gov identifier: NCT04098146. (2022). Available at: https://
clinicaltrials.gov/study/NCT04098146 (Accessed October 20, 2024).

12. MD Anderson Head and Neck Cancer Symptom Working Group. Dose-
volume correlates of mandibular osteoradionecrosis in Oropharynx cancer patients
receiving intensity-modulated radiotherapy: Results from a case-matched
comparison. Radiother Oncol ] Eur Soc Ther Radiol Oncol. (2017) 124:232-9.
doi: 10.1016/j.radonc.2017.06.026

13. Zhang W, Zhang X, Yang P, Blanchard P, Garden AS, Gunn B, et al. Intensity-
modulated proton therapy and osteoradionecrosis in oropharyngeal cancer. Radiother
Oncol ] Eur Soc Ther Radiol Oncol. (2017) 123:401-5. doi: 10.1016/j.radonc.2017.05.006

frontiersin.org


mailto:jakob.fenske@charite.de
https://doi.org/10.1186/s13005-023-00389-8
https://doi.org/10.1016/j.radonc.2021.04.026
https://doi.org/10.1016/j.radonc.2020.08.025
https://doi.org/10.1016/j.canrad.2020.06.024
https://doi.org/10.1002/hed.26118
https://doi.org/10.1016/j.jormas.2021.12.004
https://doi.org/10.1016/j.joms.2015.07.009
https://doi.org/10.1016/j.ijom.2019.01.029
https://doi.org/10.1111/cid.2018.20.issue-5
https://doi.org/10.1186/s40729-023-00514-x
https://doi.org/10.1186/s40729-023-00514-x
https://clinicaltrials.gov/study/NCT04098146
https://clinicaltrials.gov/study/NCT04098146
https://doi.org/10.1016/j.radonc.2017.06.026
https://doi.org/10.1016/j.radonc.2017.05.006
https://doi.org/10.3389/fonc.2025.1527149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Fenske et al.

14. Khoo SC, Nabil S, Fauzi AA, Yunus SSM, Ngeow WC, Ramli R. Predictors of
osteoradionecrosis following irradiated tooth extraction. Radiat Oncol Lond Engl.
(2021) 16:130. doi: 10.1186/s13014-021-01851-0

15. Kubota H, Miyawaki D, Mukumoto N, Ishihara T, Matsumura M, Hasegawa T, et al.
Risk factors for osteoradionecrosis of the jaw in patients with head and neck squamous cell
carcinoma. Radiat Oncol Lond Engl. (2021) 16:1. doi: 10.1186/s13014-020-01701-5

16. Moon DH, Moon SH, Wang K, Weissler MC, Hackman TG, Zanation AM, et al.
Incidence of, and risk factors for, mandibular osteoradionecrosis in patients with oral
cavity and oropharynx cancers. Oral Oncol. (2017) 72:98-103. doi: 10.1016/
j.oraloncology.2017.07.014

17. Acharya S, Pai KM, Acharya S. Risk assessment for osteoradionecrosis of the jaws in
patients with head and neck cancer. Med Pharm Rep. (2020) 93:195-9. doi: 10.15386/mpr-1418

18. Girardi FM, Wagner VP, Martins MD, Abentroth AL, Hauth LA, Kraether Neto
L, et al. Risk factors for jaw osteoradionecrosis: a case control study. Braz Oral Res.
(2022) 36:e132. doi: 10.1590/1807-3107bor-2022.v0l36.0132.

19. Lombardi N, Varoni E, Villa G, Salis A, Lodi G. Pentoxifylline and tocopherol for
prevention of osteoradionecrosis in patients who underwent oral surgery: A clinical
audit. Spec Care Dent Off Publ Am Assoc Hosp Dent Acad Dent Handicap Am Soc
Geriatr Dent. (2023) 43:136-43. doi: 10.1111/scd.12759

20. Robard L, Louis MY, Blanchard D, Babin E, Delanian S. Medical treatment of
osteoradionecrosis of the mandible by PENTOCLO: preliminary results. Eur Ann
Otorhinolaryngol Head Neck Dis. (2014) 131:333-8. doi: 10.1016/j.an0rl.2013.11.006

21. Glas HH, Kraeima J, Tribius S, Leusink FKJ, Rendenbach C, Heiland M, et al.
Three-dimensional evaluation of isodose radiation volumes in cases of severe
mandibular osteoradionecrosis for the prediction of recurrence after segmental
resection. ] Pers Med. (2022) 12:834. doi: 10.3390/jpm12050834

22. Kraeima ], Steenbakkers R, Spijkervet F, Roodenburg J, Witjes M. Secondary
surgical management of osteoradionecrosis using three-dimensional isodose curve
visualization: a report of three cases. Int J Oral Maxillofac Surg. (2018) 47(2):214-9.
doi: 10.1016/j.ijom.2017.08.002

23. Gajendra S, McIntosh S, Ghosh S. Effects of tobacco product use on oral health
and the role of oral healthcare providers in cessation: A narrative review. Tob Induc Dis.
(2023) 21:12. doi: 10.18332/tid/157203

24. Balaji SM. Tobacco smoking and surgical healing of oral tissues: a review. Indian
J Dent Res Off Publ Indian Soc Dent Res. (2008) 19:344-8. doi: 10.4103/0970-
9290.44540

25. Hahad O, Kuntic M, Kuntic I, Daiber A, Miinzel T. Tobacco smoking and
vascular biology and function: evidence from human studies. Pflugers Arch. (2023)
475:797-805. doi: 10.1007/s00424-023-02805-z

26. Owosho AA, Tsai CJ, Lee RS, Freymiller H, Kadempour A, Varthis S, et al. The
prevalence and risk factors associated with osteoradionecrosis of the jaw in oral and
oropharyngeal cancer patients treated with intensity-modulated radiation therapy

Frontiers in Oncology

09

10.3389/fonc.2025.1527149

(IMRT): The Memorial Sloan Kettering Cancer Center experience. Oral Oncol.
(2017) 64:44-51. doi: 10.1016/j.oraloncology.2016.11.015

27. Pieralli S, Spies BC, Schweppe F, Preissner S, Nelson K, Heiland M, et al.
Retrospective long-term clinical evaluation of implant-prosthetic rehabilitations after
head and neck cancer therapy. Clin Oral Implants Res. (2021) 32:470-86. doi: 10.1111/
clr.13716

28. Yang EH, Marmagkiolis K, Balanescu DV, Hakeem A, Donisan T, Finch W, et al.
Radiation-induced vascular disease-A state-of-the-art review. Front Cardiovasc Med.
(2021) 8:652761. doi: 10.3389/fcvm.2021.652761

29. Leboucher A, Sotton S, Gambin Flandrin I, Magné N. Head and neck
radiotherapy-induced carotid toxicity: Pathophysiological concepts and clinical
syndromes. Oral Oncol. (2022) 129:105868. doi: 10.1016/j.oraloncology.2022.105868

30. Marx RE. Osteoradionecrosis: a new concept of its pathophysiology. J Oral
Maxillofac Surg Off ] Am Assoc Oral Maxillofac Surg. (1983) 41:283-8. doi: 10.1016/
0278-2391(83)90294-X

31. Ishibashi N, Maebayashi T, Aizawa T, Sakaguchi M, Okada M. Diameter of
external carotid arteries in patients with mandibular osteoradionecrosis. Anticancer
Res. (2019) 39:5689-93. doi: 10.21873/anticanres.13767

32. Schuurhuis ], Stokman M, Witjes M, Reintsema H, Langendijk J, Vissink A, et al.
Patients with advanced periodontal disease before intensity-modulated radiation
therapy are prone to develop bone healing problems: a 2-year prospective follow-up
study. Support Care Cancer Off ] Multinatl Assoc Support Care Cancer. (2018) 26
(4):1133-42. doi: 10.1007/500520-017-3934-y

33. Kreutzer K, Lampert P, Doll C, Voss JO, Koerdt S, Heiland M, et al. Patient-
specific 3D-printed mini-versus reconstruction plates for free flap fixation at the
mandible: Retrospective study of clinical outcomes and complication rates. J Cranio-
Maxillo-fac Surg Off Publ Eur Assoc Cranio-Maxillo-fac Surg. (2023) 51:621-8.
doi: 10.1016/j.jcms.2023.09.019

34. Kreutzer K, Steffen C, Koerdt S, Doll C, Ebker T, Nahles S, et al. Patient-specific
3D-printed miniplates for free flap fixation at the mandible: A feasibility study. Front
Surg. (2022) 9:778371. doi: 10.3389/fsurg.2022.778371

35. Lampert P, Fenske J, Wiister J, Koerdt S, Kreutzer K, Ruf P, et al. Comparative
study of CAD/CAM reconstruction and miniplates for patient-specific fixation in LCL-
type mandibular reconstruction. Front Oncol. (2024) 14. doi: 10.3389/
fonc.2024.1438269

36. Steffen C, Fischer H, Sauerbrey M, Heintzelmann T, Voss JO, Koerdt S, et al.
Increased rate of pseudarthrosis in the anterior intersegmental gap after mandibular
reconstruction with fibula free flaps: a volumetric analysis. Dento Maxillo Facial Radiol.
(2022) 51:20220131. doi: 10.1259/dmfr.20220131

37. Beddok A, Guzene L, Coutte A, Thomson D, Yom SS, Calugaru V, et al.
International assessment of interobserver reproducibility of flap delineation in head
and neck carcinoma. Acta Oncol Stockh Swed. (2022) 61:672-9. doi: 10.1080/
0284186X.2022.2036367

frontiersin.org


https://doi.org/10.1186/s13014-021-01851-0
https://doi.org/10.1186/s13014-020-01701-5
https://doi.org/10.1016/j.oraloncology.2017.07.014
https://doi.org/10.1016/j.oraloncology.2017.07.014
https://doi.org/10.15386/mpr-1418
https://doi.org/10.1590/1807-3107bor-2022.vol36.0132.
https://doi.org/10.1111/scd.12759
https://doi.org/10.1016/j.anorl.2013.11.006
https://doi.org/10.3390/jpm12050834
https://doi.org/10.1016/j.ijom.2017.08.002
https://doi.org/10.18332/tid/157203
https://doi.org/10.4103/0970-9290.44540
https://doi.org/10.4103/0970-9290.44540
https://doi.org/10.1007/s00424-023-02805-z
https://doi.org/10.1016/j.oraloncology.2016.11.015
https://doi.org/10.1111/clr.13716
https://doi.org/10.1111/clr.13716
https://doi.org/10.3389/fcvm.2021.652761
https://doi.org/10.1016/j.oraloncology.2022.105868
https://doi.org/10.1016/0278-2391(83)90294-X
https://doi.org/10.1016/0278-2391(83)90294-X
https://doi.org/10.21873/anticanres.13767
https://doi.org/10.1007/s00520-017-3934-y
https://doi.org/10.1016/j.jcms.2023.09.019
https://doi.org/10.3389/fsurg.2022.778371
https://doi.org/10.3389/fonc.2024.1438269
https://doi.org/10.3389/fonc.2024.1438269
https://doi.org/10.1259/dmfr.20220131
https://doi.org/10.1080/0284186X.2022.2036367
https://doi.org/10.1080/0284186X.2022.2036367
https://doi.org/10.3389/fonc.2025.1527149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Osteoradionecrosis in osseous free flaps after maxillofacial reconstruction: a single-center experience
	1 Introduction
	2 Materials and methods
	2.1 Study cohort
	2.2 Outcomes and analyzed variables
	2.3 Case matching
	2.4 Analysis of radiation treatment plans
	2.5 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Surgery and treatment specific parameters
	3.3 Radiooncological parameters
	3.4 Therapeutic consequences of Flap ORN
	3.5 Multivariate analysis

	4 Discussion
	4.1 Limitations
	4.2 Conclusions

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


