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Abstract

Background At present, there is no universally accepted standard of care for osteoradionecrosis (ORN), and comprehensive
clinical guidelines remain absent. The primary objective of this study is to offer insights into the effectiveness and safety of
microvascular reconstruction approach in patients with ORN.

Methods A retrospective analysis was conducted on all patients who underwent free flap reconstruction following a diag-
nosis of ORN by the senior author, from 2005 to 2022. Data regarding the patient’s demographics, comorbidities, previous
treatments, ORN classification, postoperative complications, and therapeutic outcome were collected.

Results Fifty-three free flaps were carried out in a cohort of 48 patients. One maxilla ORN and 42 mandible ORN were
treated. The most common flap chosen was free fibula flap. The only risk factor that was statistically significant for major
complications was previous neck dissection. Concerning complications after discharge, 41 patients had follow-up with an
average follow-up duration of 60 months. Exposure of osteosynthesis material and fistula were the most common long-term
complications that required return to the OR. Only 11.36% had recurrence of ORN.

Conclusions The iliac crest flap represents a valuable option for mandible reconstruction. However, this preference does
not extend to ORN; fibula flap remains the optimal choice. It is worth noting that flap and complication rates are notably
higher in ORN. Patients with a history of neck dissection are at a heightened risk of complications. Our study demonstrates
a reassuring outcome as ORN recurrence occurred approximately in only one out of eight patients.

Level of evidence: Level 1V, risk/prognostic.

Keywords Osteoradionecrosis - Free flap - Mandible - Radiotherapy

Introduction duration of 3 months, in the absence of tumor recurrence
or bisphosphonate-related osteonecrosis of the jaws [1-3].

While a precise consensus on the definition of osteoradi- The prevalence of jaw ORN exhibits considerable vari-

onecrosis (ORN) remains elusive, it is conventionally char-  ability, ranging from 0.4 to 56%, with the most reported

acterized as a condition in which irradiated bone becomes  prevalence falling within the range of 5 to 15% [4]. None-
exposed, and the skin or mucosa fails to heal for a minimum theless, the probability of ORN development in patients
undergoing radiation therapy for head and neck cancer has
markedly decreased in recent years [5].

In its early clinical stages, jaw ORN often presents with
0 Larissa Lanzaro subtle or inconspicuous symptoms and is primarily char-
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symptom, with some patients experiencing severe discom-
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The underlying mechanisms of ORN remain poorly
understood. Early hypotheses postulated that ORN origi-
nates from radiation-induced endarteritis, resulting in
hypoxia, hypocellularity, and hypovascularity, with dental
surgical procedures being a potential triggering factor [1].
This hypothesis formed the basis for the adoption of hyper-
baric oxygen therapy as a treatment approach for this condi-
tion. However, recent evidence has cast doubt on this theory,
proposing that ORN may not primarily result from hypoxia
but rather from a radiation-induced fibro-atrophic process
driven by the activation and dysregulation of fibroblastic
activity in response to radiation. This revised pathophysio-
logical understanding has provided a rationale for the use of
potent antifibrotic agents, such as pentoxifylline-tocopherol,
in preventing the development of ORN [8].

At present, there is no universally accepted standard of
care for jaw ORN, and comprehensive clinical guidelines
remain absent [9]. Nevertheless, a review of the existing
literature supports the notion that conservative approaches
are suitable for managing early-stage disease, while surgical
intervention is generally reserved for advanced cases [10].

Microvascular free tissue transfer for mandibular ORN
reconstruction is increasingly prevalent in clinical practice
[11]. As highlighted by Chang et al., successful management
of advanced cases hinges on the comprehensive removal of
all necrotic tissue, followed by immediate reconstruction.
Free flaps offer distinct advantages by facilitating the trans-
fer of vascularized bone as well as non-irradiated soft tissue
components, thereby enabling optimal functional reconstruc-
tion and achieving favorable cosmetic outcomes [12, 13].

In the present study, the authors aim to evaluate the out-
comes of free flap reconstruction in patients with advanced
ORN following treatment for head and neck tumors. The
analysis encompasses the short and long-term incidence of
postoperative complications. The primary objective of this
study is to offer insights into the effectiveness and safety
of microvascular reconstruction approach in patients with
ORN and to formulate a treatment algorithm for advanced
mandibular ORN.

Material and methods

A retrospective analysis was conducted on all patients who
underwent free flap reconstruction following a diagnosis of
ORN by the senior author—Prof. Horacio Costa, from 2005
to 2022, in Centro Hospitalar Vila Nova de Gaia. Patients
with concurrent tumor diagnoses and those exclusively
treated with pedicled flaps were excluded from this study.
Demographic data, comprising age, gender, and pri-
mary tumor information, in addition to comorbidities such
as smoking status, alcohol consumption, and underlying
medical conditions, were gathered through a retrospective
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process. Furthermore, comprehensive information pertain-
ing to prior treatments, including tumor therapies and chem-
otherapy, as well as specific ORN-related specifics including
disease severity and previous treatments, was systematically
collected.

The study also documented short and long-term postop-
erative complications, with major complications defined as
those necessitating surgical intervention. Complications that
occurred during the initial inpatient period were classified as
immediate, while those manifesting after hospital discharge
were designated as long-term complications.

Disease severity and extent were assessed using Schwartz
and Kagan’s classification [14], and mandibular surgical
defects were characterized according to the classification
proposed by Zenha [15].

All patients had previously undergone tracheostomy dur-
ing the same surgical procedure. A two-team approach was
employed for patient management: one team was responsi-
ble for flap raising, while the second team focused on ORN
excision, mandibular defect modulation, and preparation of
the recipient vessels. In cases requiring immediate ORN
resection, the extent of mandibular resection was estimated
through preoperative imaging and confirmed through mac-
roscopic assessment, ensuring resection until normal bone
bleeding was observed.

The collected data underwent initial analysis using fun-
damental descriptive statistical methods. Subsequently,
further tests were conducted to explore significant associa-
tions among the variables in question. Variables of inter-
est, including organizational, demographic, operative, and
follow-up factors, were examined for their independence in
relation to the occurrence of complications, with the chi-
square test employed for statistical analysis. Missing values
were excluded for statistical analysis.

Results

A total of 53 free flap procedures were performed within a
cohort consisting of 48 patients, comprising 33 males and 15
females, with an average age of 58 years (ranging from 20 to
82 years). Detailed demographic and clinical information of
the patients is presented in Tablel.

Among these patients, 7 had previously undergone ORN
excision and required mandibular defect reconstruction
alone. There was 1 case of maxillary ORN and 42 cases
of mandibular ORN treated. Of the 53 flap procedures
performed, 1 involved a double flap (2 anterolateral thigh
flaps), 1 was a flow-through flap, and in 4 cases, a second
free flap was required due to complete necrosis of the initial
flap. The most frequently utilized flap was the fibula flap
(n=41), comprising 34 osteoseptocutaneous (OC) fibula
free flaps, 5 osteomuscular (OM) fibula flaps, 1 free fibula
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Table 1 Demographic and clinical data

Variables n % Missing
Age Average age 58.26 0
Maximum age 82 0
Minimum age 20 0
Sex Male 33 68.75% 0
Female 15 31.25% 0
Location Mandibula 47 97.92% 0
Maxilla 1 2.08% 0
Previous cancer Intraoral squamous cell carcinoma (including tongue, floor of the 41 85.42% 0
mouth, buccal mucosa, maxillary or mandibular mucosa, tonsil)
Parotid carcinoma 2 4.17% 0
Pterygopalatine rhabdomyosarcoma 1 2.08% 0
Palate mucoepidermoid carcinoma 1 2.08% 0
Occult cervical metastases 2 4.17% 0
Oncocytic carcinoma of the palate 1 2.08% 0
Simultaneous ORN excision  Yes 41 85.42% 0
No 7 14.58% 0
Previous chemotherapy 24 50.00% 0
Smoking status Active smoker 9 20.00% 3
Previous smoker 18 37.50%
Diabetes 5 10.64% 1
Thyroid disease 4 8.51% 1
Hypertension 11 23.40% 1
Pulmonary disease 6 12.77% 1
Autoimmune disease 4 8.51% 1
Dyslipidemia 11 23.40% 1
Mean BMI (kg/m?) 222 11
ASA classification 2 23 52.27% 4
21 43.75%

BMI body mass index, ASA American Society of Anesthesiologists, ORN Osteoradionecrosis

osteomuscular-pedicled pectoralis major myocutaneous flap,
and 1 flow-through flap with OC fibula flaps and a forearm
flap. Detailed characteristics of the flaps are presented in
Table 2.

The most common mandibular defects were type 1
(n=12) and type 4 (n=12). Table 3 provides an overview
of the mandibular defects and the corresponding selection
of free flaps for their reconstruction.

In one patient, a reconstruction procedure was initially
planned to be a sequential link flow-through flap concept,
combined with an osteocutaneous (OC) fibula flap. How-
ever, during the surgery, the blood supply to the OC fibula
flap was insufficient. As a result, the decision was made to
remove the fibula flap during the procedure. Consequently,
no bone reconstruction was performed in this patient.

In another patient, bilateral ascending ramus (type 3 bilat-
eral) ORN was observed. In this case, only bone resection
and a double ALT free flap were performed, with no bone
reconstruction.

Figures 1 and 2 depict the surgical reconstructions of
class I and class IV mandibular defects utilizing the iliac
crest and fibula flaps, respectively.

Of the 53 flap procedures, 35.85% of cases experienced
complications that required subsequent surgical interven-
tions. However, it is important to note that the overall flap
failure rate remained relatively low at 13.21%. The average
follow-up duration was 60 months. Exposure of osteosyn-
thesis material and the occurrence of fistulas emerged as
the most prevalent long-term complications necessitating
a return to the operating room. Further details regarding
these complications are displayed in Table 4.

Previous neck dissection was the only risk factor for the
occurrence of major complications, and the use of vein
grafts was the only risk factor for flap failure. These find-
ings, delineating the key determinants of surgical success,
are meticulously detailed in Table 5.

Comparable outcomes were observed when assessing recip-
ient site complications and donor area complications (Table 6).

@ Springer
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Table 2 Free flap data

Variables n %

Surgery Immediate ORN excision and reconstruction 42 79.25%
Deferred reconstruction 7 13.21%
Previous free flap necrosis—2nd free flap 4 7.55%

Stereolithographic model 12 22.64%

Location Mandibula 52 98.11%
Maxilla 1 1.89%

Configuration 1 flap 50 94.34%
2 flaps—flow-through 1 1.89%
2 flaps 1 1.89%

Flap Double ALT 1 1.89%
OC iliac crest free flap 3 5.66%
OM iliac crest free flap 5 9.43%
OM fibula free flap 5 9.43%
OC fibula free flap 34 64.15%
FC radial forearm free flap 1 1.89%
OC radial forearm free flap 1 1.89%
Fibula free flap and pectoralis major pedicled flap 1 1.89%
FC radial forearm free flap and OC fibula free flap 1 1.89%

(flowthrough)

Mean osseous flap length (cm) 10.39583333

Mean area of cutaneous/mucous defect (cm?) 75.07509013

Vein graft (safena magna) 4 7.55%

Type of arterial anastomosis End-to-end anastomosis 38 71.70%
End-to-side anastomosis 15 28.30%

Recipient vessel External carotid artery 7 13.21%
Axillary artery and great saphenous vein 2 3.77%
Common carotid artery 10 18.87%
Internal carotid artery and great saphenous vein 1 1.89%
Facial artery 16 30.19%
Lingual artery 2 3.77%
Superior thyroid artery 14 26.42%
External carotid artery and great saphenous vein 1 1.89%

Number of veins 1 40 75.47%
2 13 24.53%

Type of vein anastomosis End-to-end anastomosis 47 88.68%
End-to-side anastomosis 21 39.62%

Recipient vein Basilic vein and great saphenous vein 1 1.89%
Facial vein 6 11.32%
Pharyngeal vein 1 1.89%
Internal jugular vein 16 30.19%
Tributary vein of the internal jugular vein 13 24.53%
External jugular vein 19 35.85%
Tributary vein of the external jugular vein 3 5.66%
External jugular vein and great saphenous vein 2 3.77%
Anterior jugular vein 2 3.77%
Internal jugular vein and great saphenous vein 1 1.89%

Mean duration (hours) 09:21

Additional surgery (e.g., donor site closure, cervical 15 28.30%

closure)

ALT anterolateral thigh, OC osteocutaneous, OM osteomuscular, FC fasciocutaneous, ORN Osteoradionecrosis
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Table 3 Overview of the types of flaps utilized for addressing the mandibular defects (Zenha classification)

Flap Mandibular defect

1A 1B 1C ID 2A 2B

2C 2D 3CBIL 4A 4B 4C 5B 5D

Double ALT

OC iliac crest free flap 2

OM iliac crest free flap 1

OM fibula free flap 1 1 1

OC fibula free flap 2 4 1 5
FC radial forearm free flap 1

OC radial forearm free flap

OM fibula free flap and pec-
toralis major pedicled flap

FC radial forearm free flap
and OC fibula free flap
(flow-through)

Total 1 4 3 5 2 5

1

4 4 1 2 10 5 1 4 51

BIL bilateral, ALT anterolateral thigh, OC osteocutaneous, OM osteomuscular, FC fasciocutaneous

Fig. 1 Computed tomography
(CT) image reconstruction after
mandibular reconstruction with
iliac crest flap - type I (left and
middle) and type IV (right)

Fig.2 CT image reconstruction
after mandibular reconstruction
with fibula flap - type I (left and
middle) and type IV (right)

Discussion

In recent years, the incidence of ORN as an indication for
free flap reconstruction has shown a consistent upward trend
[16]. Therefore, it is imperative for plastic surgeons to pos-
sess a keen understanding of the distinctive attributes associ-
ated with the ORN patient population and to be cognizant
of the heightened susceptibility to complications within this

cohort [17]. Comprehensive counseling to patients is impor-
tant, to ensure that they possess a reasonable understanding
of the potential risks associated with their treatment choices.

In a systematic review conducted by Lee et al. [18], the
overall flap failure rate was determined to be 9.8%, with the
highest reported rate reaching up to 20% [19]. In alignment
with the prevailing literature, the findings of our study cor-
roborate this trend, with a total flap failure rate of 13.21%. It
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Table 4 Descriptive analysis of immediate and late complications

Table 5 Dependency testing of clinical variables and complications

n %
Immediate complications
Per flap (flow-through considered as one) 53
Flap major complications 19 35.85%
Hemorrhage/hematoma 8 15.09%
Flap dehiscence/fistula 5 9.43%
Cervical or flap infection 1 1.89%
Partial necrosis 1 1.89%
Total necrosis 7 13.21%
Cervical flap dehiscence 2 3.77%
Carotid blow out 1 1.89%
Donor zone major complications 6 11.32%
Per patient 48
Medical complications 20 41.67%
Death during hospital in-stay 4 8.33%

Average hospital in-stay after 1st surgery (days) 46.5
Late complications (excluding patients with death <30 days
postoperative)

Patients discharged with ORN excision +free flap 4
reconstruction

Exposure of osteosynthesis material 4 9.09%
Major fistula 2 4.55%
Tracheoesophageal fistula 1 2.27%
Infection 1 2.27%
Patients with ORN excision 44
Mean follow-up time (month) 59.97
Cancer recurrence 10 22.73%
Osteoradionecrosis recurrence 5 11.36%
Survival
Per patient with follow-up 48
Overall survival > 1 year 40 83.33%

is worth noting that this failure rate is comparatively higher
than studies that include patients reconstructed for different
etiologies, which consistently report success rates exceed-
ing 95% [20].

The profound impact of radiotherapy (RT) on wound
healing and surgical outcomes is well-established [21]. A
comprehensive meta-analysis examining free flap outcomes
in irradiated recipient sites, encompassing qualitative and
quantitative analysis of 18.776 flaps, revealed a significant
association between preoperative RT and an increased risk
of both total and partial free flap failure [22]. The deleteri-
ous structural changes inflicted on recipient blood vessels
by irradiation, such as fibrosis of small vessels, luminal nar-
rowing of larger vessels, endothelial cell dehiscence, and
reduced smooth muscle density, increase susceptibility to
thrombosis in microvascular surgery [23, 24]. We hypothe-
size that radiated tissue condition will lead to a higher rate of
vascular thrombosis leading to a higher flap failure, and even

@ Springer

Clinical variable Major complications p value*
No Yes

No smoker 11 7 0.922632

Smoker/previous smoker 20 12

No hypertension 26 15 0.98918

Hypertension 7 4

No postoperative CT 17 8 0.580858

Postoperative CT 17 11

No previous neck dissection 14 3 0.046648

Previous neck dissection 16 14

No vein graft 33 16 0.089483

Vein graft 1 3

Number of vein anastomosis (excluding 4 cases of vein graft)

1 vein anastomosis 22 14 0.121382

2 vein anastomosis 11 2

Previous ORN 4 3 0.751412

ORN 26 15

Clinical variable Total necrosis p value*

No vein graft 45 5 0.000147

Vein graft 1 3

No previous neck dissection 16 1 0.580858

Previous neck dissection 26 4

CT chemotherapy, ORN Osteoradionecrosis
*t-test

Table 6 Comparison between fibula and iliac crest complications for
mandibular reconstruction

Flap n

OM iliac crest 5

OC iliac crest 3

OM fibula 6

OC fibula flap 34

Flap No Yes p value*
Major complications

Iliac crest 4 4 0.423711
Fibula 26 14

Major donor site complications

Iliac crest 7 1.000000
Fibula 35 5

OC osteocutaneous, OM osteomuscular
*t-test

after the excision of bone necrosis, the persistence of vascu-
lar alterations and fibrosis changes can potentially contribute
to a higher incidence of late complications. Among the seven
patients who had previously undergone excision, receiving
only bone-end debridement followed by flap reconstruc-
tion did not result in a lower rate of complications. This
observation suggests that variances in the timing of ORN
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Fig.3 CT image reconstruction after bilateral mandible excision and
reconstruction with two bone segments in one fibula

resection and subsequent reconstruction do not necessarily
yield improved outcomes, as physiological and anatomical
alterations may persist.

Among patients discharged after successful free flap
procedures, 88.64% achieved a recurrence-free status of
ORN during a 5-year follow-up period. This suggests that
extended resection followed by reconstruction with non-
irradiated tissues may be considered as the primary treat-
ment approach for patients with advanced disease [13, 25].

In the experience of our department, iliac crest flap is the
first line treatment for only bone mandibular reconstruction
[15, 26] due its natural contour and bone stock [27]. How-
ever, in the authors’ experience, in ORN, there often exists a
mucous or skin defect or fistula that requires more extensive
soft tissue reconstruction. Consequently, the fibula flap is
often the preferred choice, primarily due to its reliability
as a composite flap. Moreover, the fibula flap facilitates the
reconstruction of longer bony segments, with our series
exclusively employing it for defects exceeding 12 cm and the
longest segment reconstructed measuring 18 cm. Another
notable characteristic of the fibula free flap is its extended
pedicle. Given that patients who have undergone prior radio-
therapy often present with compromised neck vessels, longer
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Fig.4 Algorithm for mandibular reconstruction in ORN
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pedicles are essential to circumvent the need for vein grafts
and mitigate potential complications. In our series, three out
of the four cases involving vein grafts resulted in flap loss,
underscoring our recommendation to avoid graft usage in
ORN patients whenever possible and instead opt for flaps
with longer pedicles.

We must highlight that no discernible differences were
observed between the fibula flap and the iliac flap regard-
ing recipient and donor area complications. Therefore, the
choice between these two types of flaps can be guided by
considerations related to flap configuration. In a specific
case involving bilateral osteoradionecrosis of the ramus,
we elected to resect the ramus and perform only soft tissue
reconstruction. This approach aligns with the perspective put
forth by Chang et al., suggesting that in patients with limited
posterior mandibular ORN, reconstruction with soft tissue
flaps may be a viable option [13]. However, when a small
segment of the arc of the native mandible remains intact, it is
reasonable to employ an osteotomized fibula flap interposed
by the small segment, potentially reducing the need for two
flaps in a compromised neck (Fig. 3).

Zenha et al. introduced a novel classification system and
algorithm for mandibular reconstruction following a thor-
ough retrospective analysis of 218 cases. In their study,
a consistent approach to bone defects, both intraoral and
extraoral, was applied across all classes of mandibular
defects. As previously mentioned, the utilization of free flap
reconstruction was specifically reserved for severe cases.
Building upon this algorithm and after analyzing the flap
choices in our 52 cases of jaw reconstruction, a possible
algorithm of ORN management is depicted in Fig. 4.

In our study, patients with a history of previous neck
dissection exhibited a heightened risk of major complica-
tions and return to operating room, although flap failure
rates remained unaffected. A comparative study involving
patients reconstructed with free flaps similarly revealed that
individuals with a history of prior neck dissection face a
greater likelihood of flap re-exploration when compared to
those who have solely undergone radiotherapy [26]. Fur-
thermore, the availability of recipient vessels was observed
to be more constrained in patients with a history of neck
dissection and/or radiation therapy [28]; also, recipient
vessel availability was more limited in patients with neck
dissection and/or radiation therapy [29]. Nevertheless, it is
essential to emphasize that the risk of flap failure was not
increased, suggesting that the use of free flaps in previously
dissected necks remains a safe option [30]. Reconstructive
surgeons must be aware that the risk of returning to the
OR is higher and have a close postoperative surveillance.

The limitations inherent in our study include its retro-
spective design and the ideally larger sample size required
to enhance statistical power. Consequently, our study lacks
the robustness of larger-scale prospective investigations.
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To the extent of our knowledge, there is a paucity of pro-
spective studies in the literature on this subject. Con-
ducting prospective studies holds the potential to yield
additional insights, enabling us to offer more precise and
informed counseling to patients with advanced disease.

Conclusions

The iliac crest flap represents a valuable option for mandi-
ble reconstruction and is often the preferred choice for sev-
eral conditions. However, this preference does not extend
to ORN patients, for whom the fibula flap remains the
optimal choice due to its reliability as a composite flap. It
is worth noting that flap and complication rates are notably
higher in ORN patients. Additionally, patients with a his-
tory of previous neck dissection are at a heightened risk
of complications and should be appropriately informed.
Despite the potential for complications, our study demon-
strates a reassuring outcome as ORN recurrence occurred
approximately in only one out of eight patients.
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