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Free flap surgery in osteoradionecrosis of the head and neck
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Abstract: Osteoradionecrosis (ORN) following radiation therapy is a much-feared complication of the
treatment of head and neck cancer. Free flap reconstruction in the ORN patient has specific challenges for
the surgeon. From 2014 to 2020 the Head and Neck Microvascular unit of the Oral and Maxillofacial Surgery
Division at Jackson Health/University of Miami treated 149 ORN patients with free flap reconstruction.
The fibula free flap (n=65) and anterior lateral thigh free flap (6n=1) were the workhorse flaps in our series
comprising 44% and 41% of the total flap surgeries. A total of 13 cases (8.7%) involved performing 2 flaps
in the same operation. Thirty cases had recorded complications with one flap loss (0.7%) and one case of
partial necrosis (0.7%) of the flap. The most common complications encountered were flap congestion with
8 cases (5%), 5 cases of flap dehiscence,4 cases of neck hematoma (2.6%) and 3 cases of infection of the flap
reconstruction site (3%). The average length of stay was 8.2 days. In this paper we present our approach to
reconstruction in these patients and the lessons we have learned. Though this surgery is complex and has
greater risks than free flap surgery in the “virgin” neck, our experience demonstrates that good outcomes can

be achieved consistently with a structured approach.
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Introduction threshold at which ORN developed in the mandible (2).
Osteoradionecrosis (ORN) following radiation therapy The sevejzlty of the condition can range frornfloss of ‘sogt
is a much-feared complication of the treatment of head tissues with spontancous recovery to exposure of necrotize

. . bone for 6 months or more, infection, disabling trismus
and neck cancer. As currently defined, ORN is an area ’ ’ & ’

of exposed, devitalized irradiated bone that fails to heal persistent pain, skin fistulae and pathological fracture.

over a period of 3-6 months in the absence of local Early stage ORN can be managed conservatively, aiming

neoplastic disease (1). The incidence varies from 2% to to limit progression with medical therapy [antibiotics,

37% depending on the series quoted. Nabil and Samman pentoxifylline-tocopherol, hyperbaric oxygen (HBO)]

estimated the risk as being 2-7% with hyperfractionation
and mandible lesions showing elevated risk. Studer ez 4.
found that in the mandible, marginal or periosteal resection
as carrying the highest risk in post-surgical patients. They
also identified radiation doses greater than 60 Gy as the
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and limited surgery. There is general agreement that the
most severe cases are best managed surgically with free
flap reconstruction replacing the necrotic and poorly
vascularized tissues (3).

The aims of resection and free flap reconstruction can
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be described as three-fold: curative, with resection of
the diseased tissue; functional, by restoring articulation,
mastication and swallowing; and esthetic (3).

Free flap reconstruction in the ORN patient has specific
challenges for the surgeon. First of all, it is important, that
the possibility of recurrence of neoplasm is ruled out. The
surgeon is then faced with a hostile surgical environment
with scarring, fibrosis and local infection and or bacterial
colonization. Vessels for anastomosis may depleted
from previous neck dissection or vascular anastomosis
and may exhibit various degrees of radiation damage.
Finding appropriate recipient vessels for anastomosis
can be challenging and preparing them may be difficult.
Friendlander et 4/. found that radiation doses sufficient
to cause ORN can result in atherosclerotic lesions in
vessels as large as the carotid. The use of vessels from the
contralateral non-irradiated neck has been suggested by
some surgeons (3,4).

From 2014 to 2020 the Head and Neck Microvascular
unit of the Oral and Maxillofacial Surgery department at
Jackson Health/University of Miami treated 149 stage 3
or advanced ORN patients with free flap reconstruction.
In this paper we present our approach to reconstruction in
these patients and the lessons we have learned.

Preoperative assessment

Clinical examination is key successful free flap surgery
in the ORN patient. The following should be noted and
recorded in the assessment.

(I)  Presence of fistulas or obvious infection;

(II)  Degree of fibrosis and scarring in the neck;

(III) Whether facial hair growth is noted in the planned

anastomotic field;

(IV) Presence of trismus, or pathological fracture;

(V) Decrease or loss of sensation of the lower lip or

chin.

Significant radiation damage of the bone and the
overlying soft tissue (Figures 1,2).

It is extremely important that recurrent malignant
disease is ruled out with biopsies if necessary as up to 3.4%
of ORN resection specimens may contain malignancy (3).
The patient should be optimised with antibiotics to control
infection, as well as oral hygiene.

Imaging
A good computed tomography (CT) of the facial bones is
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essential in visualizing the anatomy of the operation field as
well as delineating the extent of the ORN. At the University
of Miami we use either high resolution cone beam CT or
medical grade CT.

It is not our usual practice to routinely order a CT
angiogram of the neck vasculature in ORN patients.
We have found that this imaging modality often flatters
to deceive with “good vessels” on the scan sometimes
demonstrating poor calibre and flow or significant
atherosclerosis under the microscope. We do however
advocate for computed tomography angiography (CTA) in
the neck that has been subjected to multiple operations or is
clinically “woody” hard on examination.

Perioperative care planning

Airway management, and patient nutrition should be
planned before the operation. It is our preference to
determine whether the patient will have a tracheotomy or
percutaneous endoscopic gastrostomy (PEG) tube at the
office planning visit. Dysphagia and trismus are common
complications in radiotherapy of the head and neck, and the
degree to which these will be issues should be determined
and planned for prior to the free flap surgery. Where
possible, we prefer to have PEG tube placement performed
prior to the free flap with the tracheotomy performed on
the day of surgery.

Where patients have scheduled medical treatment for
their ORN (pentoxifylline-tocopherol, antibiotics) these
should continue until the day of surgery. The decision on
whether to continue treatment post operatively depends on
whether we suspect that there are other at-risk areas that
are out of the planned resection field.

Virtual surgical planning

The authors use virtual surgical planification where
practical. At our institution we have found that virtual
surgical planning significantly decreases operating time as
well as aids in planning the resection and inset (Figure 3).

Surgery in the irradiated neck

We prefer to use a two-team approach as this decreases the
total operating time, and mitigates surgeon exhaustion.
Identification of the vessels for anastomosis is done as
early as possible. They are prepared minimally, due to
their susceptibility to injury. It is best to identify primary
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Figure 1 ORN with extensive bone exposure and soft tissue. (A) Zygoma; (B) mandible; (C) neo-mandible (fibula free flap). ORN,

osteoradionecrosis.

Figure 2 ORN of the left mandible with pathological fracture and
loss of sensation in the distribution of the inferior alveolar nerve.

ORN, osteoradionecrosis.

as well as secondary options for vascular anastomosis.
Where possible utilise the ipsilateral neck vessels. Consider
using vessels in the contralateral neck in the following
circumstances:
(I) Infection and fistula in the ipsilateral neck;
(II) Excessive fibrosis and a “woody hard” ipsilateral
neck.

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved.

It is preferable to complete vessel preparation and
ablation of the diseased tissue prior to division of the flap
pedicle at the flap harvest site. The flap pedicle is divided
in manner so as to create as much slack as possible in the
neck, avoiding tension in the vessels on anastomosis and
more importantly when the patient subjects the neck to the
normal range of motion (Figures 4,5).

Vessel anastomosis

Avoiding vessel trauma is the key to success. We avoid
using double micro-clamps to minimize vessel trauma. The
vessels should be handled with care avoiding stretching and
excessive dilatation with micro instruments (this minimizes
intimal tearing).

We utilize the “posterior wall first-continuous
interrupted-airborne (PCA) technique” combining three
different techniques for vessel anastomosis. We have
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Figure 4 Managment of neck depletion vessels. (A) Severe fibrosis and fistulas of the right neck; (B) vessel depleted neck with plan for

internal mammary anastomosis.

found that performing “posterior wall first”, continuous
interrupted and airborne, is less traumatic to the vessels
and also decreases the anastomosis time significantly.
Performing the posterior wall anastomosis first eliminates
the need to turn the micro-clamps over. The continuous
interrupted suture allows for visibility of the lumen
throughout the anastomosis preventing “back walling”
of the suture as well as trauma to the vessel. Finally, the
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“airborne” tying technique decreases the suture tying time.
The anastomosis is performed in an “in” to “out” direction
to minimize the risk of intimal separation.

Anti-coagulation

Where a patient has been on anti-platelet medication
(aspirin or clopidogrel), continue on these medications post
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Figure 5 Managment of severe ORN. (A) Stage III ORN of the right mandible; (B) segmental resection of the necrotic bone and

reconstruction with a fibula free flap in addition to reconstruction of the inferior alveolar nerve; (C) post-operative panoramic X-ray. ORN,

osteoradionecrosis.

operatively. In cases of severe atherosclerosis we administer
3,000 units of intravenous (IV) heparin 5 minutes prior to
harvest.

Results

From 2014 to 2020 the Head and Neck Microvascular unit
of the Oral and Maxillofacial Surgery Service at Jackson
Health/University of Miami treated 149 ORN patients with
free flap reconstruction.

The fibula free flap (n=65) and anterior lateral thigh
free flap (n=61) were the workhorse flaps in our series
comprising 44% and 41% of the total flap surgeries. A total
of 13 cases (8.7%) involved performing 2 flaps in the same
operation. Thirty cases had recorded complications (20.1%)
with one flap loss (0.7%) and one case of partial necrosis
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(0.7%) of the flap. The most common complications
encountered were flap congestion with 8 cases (5.4%),
5 cases of flap dehiscence, 4 cases of neck hematoma (2.7%)
and 3 cases of infection of the flap reconstruction site (2.0%).
The average length of stay was 8.2 days (Tables 1,2).

Discussion

Free flap surgery in the ORN patient has significant
challenges. Previously performed neck dissection by itself
has a strong correlation with free flap loss, wound infection
and microvascular revision (5). Previous irradiation of the
neck is independently associated with infection and free flap
loss. The ORN free flap patient will usually have had a neck
dissection and may indeed have wound infection.

Benatar er al. reviewed the impact of pre-operative
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Table 1 Free flap type and number

Free flap Number
Fibula 65
Anterior lateral thigh 61
Tensor fascia lata 7
Radial 6
Scapula 2
Anterior medial thigh 2
Vastus lateralis 1
DCIA 1
Deep inferior epigastric 1
DCIA, deep circumflex iliac artery.

Table 2 Flap complications by type

Complication Number Percentage
Flap congestion 8 5.4%
Flap dehiscence 5 3.4%
Neck hematoma 4 2.7%
Infection of reconstruction site 3 2.0%
ORN recurrence 2 1.3%
Abandoned flap surgery 1 0.7%
Complete flap loss 1 0.7%
Partial flap necrosis 1 0.7%
Stroke 1 0.7%
Hypoglossal nerve injury 1 0.7%
Airway obstruction (mucus plug) 1 0.7%
Unspecified 1 0.7%

ORN, osteoradionecrosis.

radiation on free flap reconstruction in the head and
neck (5). A total of 136 cases with previous radiotherapy
were included in their series. The rate of flap failure
recorded was 14% with patient death at 3%. Their series
noted a local complication rate of 40% in the head and neck
free flap with the most common complications noted being
fistula (23%), hematoma (21%)and infection (7%). Average
length of stay in their series was 27 days. These outcomes
were considerably worse where patients with more than
60 Gy of radiation treatment had been given. In this cohort
flap failure was 21% with death at 4%. Local complication
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rates were 57% with the most common being fistula
formation (43%), infection (36%) and hematoma (21%).
Length of stay in this cohort was 41 days.

Zaghi et al. recorded 73 cases of free flap reconstruction
over their 17-year series (6). They recorded no free
flap failures and a partial necrosis rate of 2.7%. Major
complications (resulting in increased length of stay greater
than 20 days) were 8 cases (11.0%). Minor complications
were 21 cases (28.8%). Average length of stay in their series
was 12 days.

Patients in our series performed considerably well in
comparison to the outcomes recorded in the literature. All
but four of the 149 patients received total doses over 50 Gy.
The free flap success rate was over 98%. Free flap surgery
was abandoned in one case where no suitable vessels were
identified in the neck for anastomosis. The single case of flap
loss was in a patient with a vessel deplete neck, and multiple
medical comorbidities. The same patient also sustained a
stroke. This case is a particularly good illustration of the
potential risks involved in surgery in these complex patients.

Conclusions

ORN is an increasing indication for free flap surgery.
Though this surgery is complex and has greater risks
than free flap surgery in the “virgin” neck, our experience
demonstrates that good outcomes can be achieved
consistently with a structured approach.
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