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Objectives: Radiation-induced soft-tissue injuries (STls) in mandibular
osteoradionecrosis (ORN) are not well studied regarding their correlations with nearby
bone lesions. The aim of this study is to investigate the severity of radiation-induced STls in
advanced mandibular ORN and its relationship with hard-tissue damage and
postoperative outcomes.

Methods: A retrospective study was performed in our institution from January 2017 to
December 2019. Aside from demographic factors, the associations between the triad
ORN variables (irradiation doses, ORN stages, ORN sizes) and radiation-related STI
factors, vascular characteristics, and postoperative functional recovery were assessed. In
addition, the severity of STl was also compared with treatment outcomes. Such
correlations were established via both univariate and multivariable analyses.

Results: A total number of 47 patients were included. The median follow-up reached 27
months. Nasopharyngeal cancer was the histology type among most patients (n = 21,
44.7%). The median irradiation doses reached 62 Gy (range, 40-110 Gy). For STI, the
symptom scoring equaled an average of 5.4 (range from 1 to 12), indicative of the severity
of STI problems. During preoperative MRI examinations, signs of hypertrophy or edema
(n = 41, 87.2%) were frequently discermned. Most patients (n = 23, 48.9%) also had
extensive muscular fibrosis and infection, which required further debridement and scar
release. Surprisingly, most STI factors, except cervical fibrosis (p = 0.02), were not in
parallel with the ORN levels. Even the intraoperative soft-tissue defect changes could not
be extrapolated by the extent of ORN damage (p = 0.096). Regarding the outcomes, a low
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recurrence rate (n = 3, 6.9%) was reported. In terms of soft tissue-related factors, we
found a strong correlation (p = 0.004) between symptom scores and recurrence. In
addition, when taking trismus into consideration, both improvements in mouth-opening
distance (p < 0.001) and facial contour changes (p = 0.004) were adversely affected.
Correlations were also observed between the intraoperative soft-tissue defect changes
and complications (p = 0.024), indicative of the importance of STI evaluation
and management.

Conclusions: The coexistence of hard- and soft-tissue damage in radiation-induced
advanced mandibular ORN patients reminds surgeons of the significance in assessing
both aspects. It is necessary to take the same active measures to evaluate and repair both

severe STls and ORN bone lesions.

Keywords: osteoradionecrosis, soft tissue injury, toxicity, fibrosis, evaluation, management, correlation, risk

INTRODUCTION

Treatment of advanced head and neck malignancies primarily
involves radiotherapy and chemotherapy with the goal of
improved survival outcomes (1, 2). While highly effective
in some cases, especially those with nasopharyngeal or
oropharyngeal cancers, radiation therapy can cause a multitude
of chronic complications, among which osteoradionecrosis
(ORN) is one of the most devastating (3). ORN of the jaw has
long been characterized by necrotic bone exposure (4, 5). Despite
the recent change in the definition for additional soft tissue
considerations, most studies regarding ORN evaluations still
focus on the simple elements of osseous injuries (5, 6). Based
on the classic theory of pathogenesis, radio-induced fibrosis can
also occur in soft tissues due to “hypoxia, hypovascularization,
and hypocellularity” in the surrounding cellular matrix (7). As
proof of such theory, radiation-induced symptoms, such as
swelling, dysphagia and trismus, were also frequently observed
in advanced ORN cases (8). Nevertheless, most recent studies
have focused solely on necrotic bone management (5, 9).
Therefore, reports regarding the incidence and severity of such
soft tissue problems, let alone management, are scarce. In view of
the status quo, we intended to investigate the severity of soft-tissue
injuries (STIs) in patients diagnosed with advanced mandibular
ORN, which has been largely overlooked in the literature. The
focus of our study was on triad dimensions regarding STI
evaluation and bone injury relations, STI management, and
prognosis and predictions after STI debridement.

MATERIALS AND METHODS

Study Population and Inclusion Criteria

With ethical approval from the Institutional Ethics Committee, we
retrospectively reviewed and collected anonymized clinical
information regarding patients with advanced mandibular
osteoradionecrosis who had received surgical treatment in our
institution from January 2017 to December 2019. The definition
of “advanced osteoradionecrosis” was based on the Bone-Soft (BS)

tissue staging system (10) (Supplementary Tables 1 and 2).
According to the focus of the study, the inclusion criteria were as
follows: 1) patients diagnosed with BS stage II-III diseases who
received surgical debridement and segmental mandibulectomy;
2) patients without synchronous locoregional recurrences of
malignancies or second primary or radio-induced malignancies;
3) those with complete records of preoperative computed
tomography (CT), magnetic resonance imaging (MRI) and
panoramic X-ray examinations; 4) patients with follow-up and
functional information; and 5) patients who also gave written
consent for the study.

Demographic Information and

Medical Histories

The demographic information was directly collected from the
hospital chart database. Clinical data, specifically, medical
(surgical) treatment histories, comorbidities, prior radiation
dosages, adjuvant therapies, prior conservative hyperbaric
oxygen (HBO) treatment, current ORN stages, and affected
mandibular subsites were also reviewed and compared.

Hard- and Soft-Tissue Evaluations

Detailed characteristics regarding bone and soft tissue
involvement were obtained by analyzing the clinical and
radiographic records. First, to clearly delineate radio-induced
hard tissue injuries, necrotic bone information was presented by
the subsites of mandibular ORN (ipsilateral or bilateral; body or
ramus) with areas of radiolucency with sclerotic changes in CT
scans. Furthermore, types of intraoperative bone defects,
according to Brown’s classification (11), were also recorded by
reviewing surgical charts. In addition, the severity of STI was
assessed by dichotomized (subjective and objective) methods.
Within the subjective soft-tissue evaluations, a symptom-based
scoring system was tentatively developed to simplify the
multitude and scale of discomfort reported in the presurgical
consultation records. Stiffness of masseter or cervical muscles as 1;
difficulty in mouth-opening as 2; swelling and skin discolor as 3;
intraoral mucosal defect as 4; extraoral or oro-cutaneous fistula
as 5; fistula with persistent suppuration as 6 (Figure 1). The final
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score of this symptom-based system was the addition of these
scores. In addition, another subjective evaluation of STI was
determined by the intraoperative debridement of ORN-involved
local structures: involving only mucosal and submucosal tissues as
1; involving both cutaneous and mucosal tissues as 2; involving
masseter muscle as 3; and involving other muscles as 4. Cervical
fibrosis was also analyzed with intraoperative descriptions for
indirect reflection of the radio-induced STIs: 1 as slight
subcutaneous fibrosis without external jugular vein stenosis; 2
as intermediate muscular fibrosis [sternocleidomastoid muscle
(SCM)] with external jugular vein stenosis; 3 as severe fibrosis
with both SCM and superficial artery (facial artery) stenosis; and 4
as frozen neck with inseparable fibrotic internal jugular vein or
cervical sheath (Figure 2). The objective assessment of local STIs
was mainly based on radiographic evidence. First, different
extents of osseous changes, such as osteolytic cortical erosion
involving a single buccal or lingual surface, cortical erosion
involving bicortical surfaces, bone fragmentation or sequestrum,
or even bone fracture, were detected on CT, while neighboring
STI changes, such as hypertrophy, atrophy, and edema were also
found on MRI. The specific features for these STI changes were
defined according to Marieke’s criteria (12). Specifically, muscular
hypertrophy or atrophy was evaluated on both T2- and T1-
weighted MRI images. Loss of muscle volume and fatty changes
within the muscle were regarded as signs of atrophy, whereas an
increased volume of muscle represented hypertrophy. Edema of
the masticatory muscles (attached to mandible) was basically
evaluated on T2-weighted MRI images (Figure 3). Soft tissues
evaluated by MRI in the current study included masseter,

FIGURE 1 | The symptom-based scoring system for STI evaluations. (A) Stiffness of masseter or cervical muscles; (B) Difficulty in mouth-opening (trismus);
(C) Swelling and skin discolor; (D) Intraoral mucosal fistula; (E) Extraoral cutaneous fistula; (F) Large oro-cutaneous fistula with persistent suppuration.

temporal, digastric, pterygoid, and mylohyoid muscles for
various affected ORN sites. For the sake of comparisons, the
masseter and temporal muscles were considered the superficial
muscle group, while the latter three were considered the deep
muscle group. Preoperative trismus was classified according to
Sakai’s criteria (13), with a mouth opening distance <10 mm as
severe. Due to the varied ORN and fistula conditions, dual
mastication and swallowing functions were reflected by
preoperative food scale questionnaires. After obtaining these
numbers, the multidimensions of STIs for mandibular ORN
were preliminarily assessed.

Cervical Vessel Assessment and
Reconstructions

The cervical vessels were also evaluated by preoperative
ultrasonic examination and intraoperative findings. Color
duplex sonography (CDS), which provided data for vessel
caliber, peak flow velocity (PV), and resistance index (RI),
were used for analyses of the three branches of the external
carotid artery, ie., facial artery (FA), superior thyroid artery
(STA), and lingual artery (LA).

In addition, the reconstructive approaches were summarized
for both bone and soft tissue coverages. The soft-tissue defect
sizes pre- or intraoperatively were measured and compared as
indirect reflections of the fibrosis severity.

Follow-Up and Functional Recovery
After debridement, the mouth-opening distances were regularly
evaluated at the 6-month follow-up. Radiologically speaking, the
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FIGURE 2 | Different levels of cervical fibrosis found intraoperatively for the reflection of radiation-induced STls. Blue star: external jugular vein (EJV); Grey arrow:
sternocleidomastoid (SCM) muscle fibrosis and EJV stenosis; Orange arrow: stenosis of facial artery; Yellow arrow: frozen neck with inseparable fibrotic cervical sheath.
(A) Slight subcutaneous fibrosis without external jugular vein stenosis; (B) Intermediate muscular fibrosis [sternocleidomastoid muscle (SCM)] with external jugular vein
stenosis; (C) Severe fibrosis with both SCM and superficial artery (facial artery) stenosis; (D) Frozen neck with inseparable fibrotic internal jugular vein or cervical sheath.

reconstructed/resected mandibles were evaluated in a closed-
mouth panoramic X-ray for both midline alignment and
temporomandibular joint locations. Specifically, midline
alignment was determined as the midpoint between the middle
upper incisors. Improvement of mouth opening was defined as
an increase in distance > 10 mm. In addition, the
temporomandibular joint (TM]) positions on the affected sides
were also appraised. Facial contour was judged by comparing
pre- and postoperative changes by the patients themselves: 0: no
change; 1: slightly better, 2: much better, and 3: perfect.
Mastication and swallowing functions were also assessed by the
same food-scale questionnaire recorded preoperatively and at six
months of follow-up by the Nutrition Rehabilitation
Department. Speech intelligibility was measured by patients as
“poor,” “good,” or “excellent” both pre- and postoperatively
(at six months of follow-up). In addition, the quality of speech

was also measured by using the classic conversational
understandability test for objective evaluations (14). An audio
recording of a 5-min conversation via telephone was evaluated
by a group of three untrained normal student volunteers for
conversational understandability using a 5-point scale: 5, all
speech is understood; 4, sometimes not understood; 3, can be
understood when conversational content is already known;
2, sometimes understood; and 1, nothing is understood. The
STI factors were compared for their correlations with the
multidimensional outcomes of ORN treatment (i.e., complications,
recurrences, improvement of mouth opening/speech/mastication,
midline alignment, facial contour changes).

Statistical Analysis
Statistical analysis was performed using SPSS version 23.0
software (IBM Corp., Armonk, NY). Categorical or continuous
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FIGURE 3 | MRI evidence for muscular STl in ORN patients. Blue arrow: ORN lesions; Orange arrow: muscular hypertrophy; Red arrow: muscular edema; Green
arrow: muscular atrophy. (A) The axial enhanced CT (bone window) showed the ORN lesion in the ramus. (B) The axial enhanced CT (soft-tissue window) revealed
both the ORN and soft tissue content. (C) The axial T2-weighted MRI showed hypertrophy in the pterygoid muscles due to STI. (D) The axial enhanced CT (bone
window) showed the ORN lesion in the body and ramus (the second patient). (E) The axial enhanced CT (soft-tissue window) revealed both the ORN and soft tissue
content (the second patient). (F) The axial T2-weighted MRI showed edema in the ipsilateral masseter muscles due to STl (the second patient). (G) The axial
enhanced CT (bone window) showed the ORN lesion in the ramus (the third patient). (H) The axial enhanced CT (soft-tissue window) revealed both the ORN and soft
tissue content (the third patient). (I) The axial T2-weighted MRI showed atrophy in both the pterygoid and masseter muscles due to STI (the third patient).
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variables were compared for the correlation between three ORN
factors (predictors), i.e., ORN stages, radiation doses, sizes of
ORN bones, and using logistic and linear regression, where
appropriate. All the STI predictors were also compared with
the parameters during postoperative follow-up. To decrease the
confounding error (suppressor effect) caused by covariance and
small sample size, multivariate correlation analysis was also
performed, including the variables for which the p values of
the univariate analysis were < 0.1. However, the final significance
level for both univariate and multivariate analyses was still 0.05.

RESULTS

Clinical and Demographic Information

A total of 47 patients with advanced mandibular ORN were
included in the study. The median follow-up time was 27 months
(range, 12 to 46 months). The patients’ general characteristics are
shown in Supplementary Table 3. The median age at diagnosis
was 56 years (range, 28-71 years), while 61.7% were male.
Nasopharyngeal cancer was the histology type (from medical
history) among most patients (n = 21, 44.7%), while those with
oropharyngeal or oral cavity cancer comprised 14.9% (n = 7) and
27.7% (n = 13), respectively. Regarding prior treatment histories,
a small number (n = 14, 29.8%) of patients received sequential or
concurrent chemoradiation, while histories of local ablative
surgeries were found in 48.9% (n = 23). The median
irradiation doses reached 62 Gy (range, 40-110 Gy), with 12
patients (25.5%) receiving higher doses over 70 Gy. Conservative
treatment, mostly HBO therapy, was administered to 10 patients
(21.3%) before our surgical debridement, but in vain.

The dual radiation-induced effects of both hard- and soft-
tissue damage were quite evident in these cases with advanced
mandibular ORN. According to our BS staging system, the entire
study population was subcategorized into patients with stage II
disease (n = 16, 34.0%) and those with stage III disease (n = 31,
66.0%). Radiologically, most (n = 44, 93.5%) of the ORN lesions
were found in the ipsilateral mandibular body and/or ramus.
Detailed information on hard-tissue toxicity was also presented
with the ORN mandibular bone sizes (average length: 7.9 cm).
Most of the defects (n = 26, 55.3%) after segmental
mandibulectomy and debridement were classified as type II
according to Brown’s classification, within whom six (12.8%)
had condylar removal as type Ilc. After multivariate analysis, a
positive correlation (p = 0.040) between dose and histology type
was established. Due to the statistical significance (p = 0.007)
revealed in Supplementary Table 3, the affected mandibular
subsite was correlated with ORN stages. In addition, the ORN
bone sizes were related to both histology types (p = 0.003) and
Brown’s classification (p < 0.001).

STI Assessment

As revealed in Supplementary Table 4, the symptom scoring
found an average of 5.4 (range 1 to 12) in our series, indicative of
the severity of the STI problems. Within these symptoms,
specific attention was also given to a relatively high number of

cases with severe trismus (n = 19, 40.4%) and intra- or extraoral
fistulas (n = 26, 55.3%), reflecting aggravated soft-tissue fibrosis
or infections around mandibular ORN lesions. Similarly, soft-
tissue toxicity caused by irradiation was also found in most
preoperative MRI examinations, as signals of hypertrophy or
edema (n = 41, 87.2%) were frequently discerned in those with
serious bone destruction, implying corresponding clinical
discomfort in advanced ORN patients. The intraoperative
findings of soft-tissue debridement revealed that the real STIs
surrounding advanced ORN far exceeded the expected local
mucosal involvement, as most patients (n = 23, 48.9%) had
extensive muscular fibrosis and infection, which required further
debridement, extensive scar release, or even coronoidectomy (in
addition to local mandibulectomy), with the aim of fully
resolving the complicated trismus caused by ORN. Another
angle of investigation was also obtained, as such severe fibrosis
(trismus) was also related to the amount of irradiation doses
received by patients (p = 0.013). Surprisingly, although the
current ORN stages were correlated with the ORN sizes found
in CT scans (p = 0.045), the staging system did not reflect the
STIs in these patients, as no significance was found in the
multivariate statistical analyses. On the other hand, as shown
in our statistics, most STI factors, except cervical fibrosis (p =
0.02), did not have a parallel tendency with the bone destruction
levels of ORN. Contrary to our original belief of STI and ORN
relations, even the intraoperative soft-tissue defect changes could
not be indirectly extrapolated by the extent of ORN bone damage
(p = 0.096).

STI-Related Vessel Characteristics

and Reconstructions

In consideration of the debridement and reconstruction designs,
the relations between ORN-related factors were also compared
with multidimensional data reflecting radiation-induced cervical
vessel damage. Cervical vessel impairment, as another aspect of
STTs, was measured for all three index arteries (FA, STA, and LA)
for various degrees of angiostenosis or hemodynamic
compromises (Supplementary Table 5). Judging from the CDS
results, the ipsilateral superficial arteries (FA) were more prone
to be adversely affected by irradiation due to the increased rate of
narrower calibers (caliber<1 mm or not found, n = 22, 46.8%) or
slower blood flows (PV< 40 cm/s, n = 39, 83.0%). STA showed
similar radiation-induced hemodynamic effects (PV<40 cm/s,
n = 40, 85.2%), while the caliber was less affected due to a
relatively smaller portion of sizes lower than 1 mm (n = 14,
28.9%). Accordingly, for easier intraoperative anastomosis,
deeper vessels with better vascular qualities, such as STA (n =
22, 46.8%) and LA (n = 5, 10.6%), either on the ipsilateral or
contralateral sides, were used in most circumstances. Fibular
flaps (n = 33, 70.2%) were most frequently used in this study for
functional mandibular repair, while pedicled pectoralis
myocutaneous flaps (PMMFs) were also used for cases (n = 9,
19.1%) with severe fibrosis and unavailable vessels. All flaps
survived despite two cases with successful postoperative
management of venous crises. Within all the reconstructive
factors, the relation between ORN stage and reconstruction
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was established after multivariate analysis. However, the extent
of cervical vessel damage was not related to ORN factors, as none
of the vascular measurement data could be speculated after
simple observation of ORN lesions.

Postoperative Follow-Up and
Functional Evaluations
The major complications after surgical debridement (with/
without reconstructions) were lung infection (n = 4, 8.5%),
wound dehiscence (n = 4, 8.5%) and fistula (n = 2, 4.3%), with
representative cases shown in Figure 4. For the short-term
outcomes of our surgical treatment, a relatively low recurrence
rate (n = 3, 6.9%) was reported during the follow-up. Apart from
recurrences, other dimensions of surgical debridement revealed
that trismus symptoms were ameliorated in 19 patients (40.4%),
while a moderate number (n = 30, 53.8%) of patients had
relatively favorable (<10 mm) midline alignment after
debridement. However, for the other cases in this cohort the
symptom relief improvement was not evident. A similar trend
was also observed from the subjective review of the facial contour
changes (aesthetics) by the patients. On the other hand, the
outcomes of functional recovery were mediocre due to the
dichotomized evaluations of both mastication/swallowing and
conversation, as great improvement was only found in 19
(35.2%) and 8 (17.0%) respectively (Supplementary Table 6).
The statistical analyses showed a possible correlation (p =
0.016) between ORN hard-tissue injuries and postoperative
midline alignment. In addition, a pronounced difference (p =
0.041) was also discerned between radiation dose and
postoperative facial changes in the univariate analysis,

notwithstanding the negative (p = 0.054) multivariate result. In
other outcome analyses, the correlations between ORN factors
and functional (aesthetic) or symptom relief outcomes were
mostly not significant (Supplementary Table 6).

STI Factors and Their Relations With
Treatment Outcomes

On the other hand, for the STI-related factors, we found a strong
correlation (p = 0.004) between the STI symptom score and
recurrence (Supplementary Table 7, representative cases in
Figure 4). The detailed analyses of the STI factors revealed a
general trend towards ORN recurrences in those with more
severe STIs, such as trismus, soft-tissue debridement, MRI
evaluations of edema and cervical fibrosis with vessel stenosis,
although most p values did not reach significance due to the
small sample size of recurrences. In addition, when taking
trismus into consideration, both the improvement in mouth-
opening distance (p<0.001) and facial contour change (p = 0.004)
were adversely affected, as corroborated in our statistics,
indicative of refractory fibrosis unchanged by simple bone
debridement or limited STI management. In addition, the
improvement in mouth-opening distance was also influenced
by signals of muscle group involvement in the MRI scans (p =
0.028), which implied the status of preoperative soft-tissue
fibrosis and the difficulty of management for both hard- and
soft-tissue problems in some late-staged ORN cases. In addition,
a correlation was observed as well between intraoperative soft-
tissue defect changes and development of postoperative
complications (p = 0.024), despite the low complication rate in
this cohort. A significant relationship (p = 0.012) was also found

face, due to erroneous scar release and insufficient soft tissue flap coverage.

FIGURE 4 | Representative cases with recurrences and complications possibly due to STI mismanagement. (A) Insufficient scar release and soft tissue debridement
causing anterior bone exposure and oro-cutaneous fistula 2 months after ORN treatment. (B) Insufficient soft-tissue component for tissue coverage in the anterior
mandibular region after ORN and STI debridement implying inconsiderate reconstructive design. (C) Insufficient soft-tissue coverage causing plate exposure in the
mandibular angle region. (D) The same patient of A with postoperative unrelieved trismus despite ORN mandibulectomy. (E) Postoperative trismus and recurrence of
ORN due to both insufficient bone and soft-tissue management. (F) Undesirable facial contour change and midline misalignment in the left-sided concaved lower
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between facial contour change and intraoperative soft-tissue
defect changes, highlighting the considerations of potential
long-lasting detrimental effects of radio-induced STTs.

Assessment of STIs and Proposed
Algorithm for Soft-Tissue Considerations
and Management in ORN Cases

Under the aforementioned confirmation of STI influences on
treatment outcomes, the comprehensive assessment of
preoperative STI in mandibular ORN cases is presented in

Figure 5. The risk stratification of multifactorial STIs and their
possible specific relations with outcomes were also included, with
red arrows indicating increased likelihood and green for
decreased one.

In addition, based on these results, we tentatively proposed an
algorithm combining evaluations, presurgical STI evaluation,
presurgical preparation, surgical designs, and postoperative
functional predictions for STIs in advanced mandibular ORN
(Figure 6). The experiences of ORN and STI treatment were
shared for key measures during the whole process of design,

Soft tissue injuries (STIs) assessment and risk stratification in mandibular ORN patients

STI factors assessment |

Stiffness of faciocervical muscles

{2 Mouth-opening difficulty

[ Symptom-based scoring ]Q

Swelling and skin discolor

Intraoral mucosal defect

Or oro-cutaneous

Severe trismus =)

[ Faciocervical fibrosis }ﬂ

No =% Great mouth-opening improvement > 1cm

Soft-tissue fibrosis debridement } )

[ Vessel-related fibrosis severity ] —)

MRI signals in muscles* ]—E Atrophy
{ Muscular MRI evaluation ]Q Edema

Muscle group involvement in MRI ]—

> Outcomes prediction

Total scores > 5 Recurrence I

Addition of scores

Total scores < 5 Recurrence 1

Yes®=% Slight or no mouth-opening improvement < 1cm I Slight facial contour changeT

I Great or perfect contour T

——— Only superficial mucosal or cutaneous fibrosis
Postop soft tissue midline alignment < 1cm

Muscular fibrosis :
— Postop soft tissue midline alignment > 1cm I

—— Slight subcutaneous fibrosis with patent vessels>
Great or perfect postop facial contour change

Intermediate/severe SCM fibrosis with superficial

artery or jugular vein stenosis
Slight postop facial contour change

‘—— Frozen neck with inseparable cervical sheath
Slight or worse postop facial contour change'[ >

Hypertrophy mmms) Complication (postop) I
mm=) Complication (postop) l

mmm) Complication (postop) I
uperficial muscles MPMouth-opening improvement >1cmT
eep muscles =) Mouth-opening improvement <1ch

ombined muscles m) No mouth-opening improvementI

<4cm in greatest length mm) Complication (postop) l Great or perfect facial contour changeT

Intraop soft tissue defect size changes -
(pre- and post-debridement)

>4cm in greatest length mms) Complication (postop)T Slight or worse facial contour change T

FIGURE 5 | STl assessment with seven related factors, risk stratifications and outcome prediction. Red arrow: Higher/increased probability of outcomes; Green
arrow, Lower/decreased probability of outcomes; *, Observed tendency despite insignificant p-value.
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preparation and operations. Preliminary considerations were
also summarized in this algorithm as well.

DISCUSSION

Although irradiation of bone is a prerequisite for the
development of ORN, STIs, unlike bone lesions, STI have not
been given sufficient attention (15, 16). The STIs surrounding
ORN lesions always manifest themselves as late (long-term)
toxicities of radiation, resulting in “radiation fibrosis
syndrome” with progressive functional losses (17). Although
the prevalence of common radiation-induced STIs, such as
trismus, dysphagia, and xerostomia, varies from 21% to 75%
depending on specific anatomic subsites, tumor histology, and
treatment regimens, the conditions of soft tissues in ORN
patients remain largely unknown (18-20). Such negligence of
soft-tissue toxicity has caused wide confusion during the

presurgical evaluation process, thereby resulting in various
ORN treatment outcomes (21-23). Despite a general trend
towards aggressive surgical approaches for mandibular ORN,
surrounding STTs were treated conservatively with inclinations of
limited debridement or simple fistula repairs in the literature
(23-25). Moreover, key soft tissue debridement points were not
mentioned in some articles. Clinically speaking, sequestrum
removal or mandibular resection in ORN patients is relatively
simple (26), while the challenge of surgical management, as we
perceive, rests mostly on the long-term detrimental changes
caused by irradiation-induced STIs. First, the profound and
irreversible consequences caused by irradiation will, in theory,
result in substantial dermal, epidermal, or even muscular
induration, scarring, and retractions (27). The anatomic plane
would be greatly blurred, subsequently causing difficulty in
surgical assessment. In addition, unlike bone, soft-tissue
margins were harder to find in ORN cases for severe fibroses
and infections (23, 28, 29). In addition, sufficient well-

Treatment algorithm of hard and soft tissue injuries in advanced mandibular ORN patients

Consultation
I
v v
Hard tissue injuries Soft tissue injuries
| CT + Panoramic X-rayl |Symptom scoresl | MRI | | CDS |
! +
ORN stage ORN size Anatomic subsite S&ggﬁgﬂs \ Muscle fibrosis | ‘ Vessel fibrosis

l l l

$

Presurgical evaluation and conservative pretreatment

a) Sequestrum removal
b) Segmental mandibulectomy
¢) Bone margin analysis

) Plate preparation
e) Flap choice decision

a) Fistula debridement a; Reconstruction concern
b) Scar release b) Recipient vessel selection
c) Coronoidectomy c) Fibrosis prediction

Key measures that we took in our institution:

STl-related defect volume assessment (Figure 5)

Noga~wbhE

Debridement + Scar release + Trismus reduction + Vessel preparation

Preoperative preparation with conservative treatment (hyperbaric oxygen, anti-fibrotic drugs, abscess drainage)
Brown'’s classification evaluations and digital prototyping, navigation preferred.

Osseous flap, Soft-tissue flap, or local flap (relatively unpreferred) considerations

Well-vascularized skin paddle or fascia-muscular component coverage with extended (4-6cm) lengths and widths
Rehabilitation after debridement (reconstructive) operations (hyperbaric oxygen, anti-fibrotic drugs)

our institution for both bone and STI management.

FIGURE 6 | The treatment algorithm for hard and soft tissue injuries in the advanced mandibular ORN patients. Red rectangular frame: The key measures taken in
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vascularized soft-tissue flaps were sometimes mandatory for the
coverage of such defects; otherwise, unfavorable wound healing
would ensue (23), as revealed in our cases. Another undesirable
outcome in the treatment of ORN patients was unrelieved
trismus, which was also not mentioned in many studies. In
addition to hard tissue-oriented factors, such as osteolysis or
fracture, trismus in ORN patients was partially generated due to
an underestimation of muscular or ligament fibrosis, which
would also constrain TM] movement (30, 31). Apart from
these, from a surgical perspective, the severity of radiation-
induced vascular damage would sway the decisions for post-
ablative ORN reconstructions (32). The relations between the
availability, or more precisely the quality, of the existing vessels
and the extent of ORN were not well established. We found that
the ORN bone severity and vascular parameters were mostly
irrelevant, as no significance was found between these variables
in our study. Cervical vessel damage, as far as we are concerned,
is more or less affected by triplex factors including cervical
radiation doses, prior treatment history and infectious severity.
Firstly, the discrepancies between the doses on mandible and
neck varied in different patients concerning various disease
pathologies and clinical stages. Second, some of our patients in
this study received prior head and neck operations, which might
also aggravate the fibrosis and STI damages to the cervical
vessels. On the other hand, due to different infectious status of
patients (evaluated at admission), locoregional vessels might be
partially influenced due to the long-term tissue swelling and
accompanying infection-related fibrosis. Thus, due to irrelevance
between ORN bone severity and cervical vessel damages, the
evaluation of cervical vessels entails further examinations, such
as CDS or CTA (33), which was also frequently used in our cases.

Based on our statistics, we advocate that along with nonviable
sequestrum removal, the successful debridement of local ORN
lesions also entails a full grasp of the information regarding scar
release, infection control, vessel confirmation, and fibrotic
muscle resections. Such considerations or measures, though
occasionally mentioned in some ORN staging systems, have
not been clearly summarized (34-36). Based on Marx’s 3-stage
system, advanced ORN cases were categorized only for the
patients’ responsiveness to HBO treatment (34). From a
surgical standpoint, Notani first introduced a classification of
mandibular ORN on the severity of osteolysis. However, such
classification was solely based on the depths of hard-tissue
involvement (alveolar, above or beyond alveolar canal
invasions), with a lack of STI evaluations (35). Although our
previous BS staging system was refined to incorporate
evaluations of both radiological and clinical manifestations, the
only and rough assessment of soft-tissue fistula is still not
comprehensive (10). The inherent loopholes in the BS system
were quite obvious, as most soft-tissue problems mentioned in
this study, such as trismus, muscular breakdown, and vascular
stenoses, were largely undetermined. Thus, according to our new
treatment algorithm against STIs in advanced ORN,
comprehensive soft-tissue assessment procedures were
introduced, while STI factors in ORN patients were also
demonstrated for the first time. The management centered

around the STIs, as an amendment, was updated to our BS
staging system, with concerns for better functional outcomes.

Most surgeons were often bewildered at the conundrums of
whether ORN and STI had reciprocal relations and how these
relations were influenced by different variables. Unfortunately,
despite the extensive current studies on radio-induced bone
damage, the ORN and STI associations, specifically soft-tissue
evaluations, especially in advanced ORN cases, have not been
elucidated, either on an etiological or therapeutic level (37, 38).
As in our studies, dose, consistent with other STI studies, was
also correlated with the severity of trismus in advanced ORN
patients (18, 30). However, most STIs, except cervical fibrosis,
were not in parallel with the bone destruction levels of ORN.
This finding pointed out the relatively independent role of STI
evaluations in ORN patients while alarming the necessity of
enhanced efforts for STI management. Within all the STI
variables, scarring symptoms, such as trismus and cervical
fibrosis, were both associated with the surgical outcomes.
Intraoperative soft-tissue defect changes could also, to some
extent, influence the restoration of facial esthetic and speech
functions. In addition, there exists moderate evidence that the
lasting superimposition of trismus, fibrosis, or other soft-tissue
toxicities will contribute to an increased deterioration of overall
functions and esthetics of head and neck cancer survivors (5, 8,
39, 40). Such a phenomenon was also observed in our cases, as
the severity of multifactorial STIs would adversely affect the
incidence of surgical complications, the improvement of trismus,
or even mastication and swallowing functions. In this sense,
despite vigorous attempts at more precise mandibular
reconstructions (continuity, midline alignment, and TM]
positions), the significance of resolving soft tissue concerns
should never be underrated. Thus, we came up with the first
risk stratifications of these STI-related factors in mandibular
ORN patients. Detailed assessment information was presented in
Figure 5 for possible outcome prediction.

Within our management algorithm for STI evaluations, a
complete workup or consultation should be first applied to
patients with advanced ORN. All hard tissue-related factors,
such as prior treatment history and irradiation dose, should be
clearly recorded for ORN hard-tissue management. During the
medical consultation, a regular interview highlighting the STI-
related soft tissue burdens should also be recorded (41). First of
all, the STI-related symptoms should be recorded for risk
stratification of ORN recurrence, as proved in our study.
Trismus severity, as a core element of STIs, should be
measured with clinical examinations in ORN patients, which is
consistent with other radiation-induced toxicity reports (3, 13).
Other symptoms, such as stiffness of local muscles, should be
preliminarily assessed by facial or cervical tightness during
mastication or head rotation for a preoperative impression of
the extent of ORN-oriented fibrosis (42). In addition,
precautions of vessel insufficiency or large skin defects, as
revealed in our analysis, could be guarded in those with such
symptoms. Radiographically speaking, for further well-round
STI assessment, along with CT scans, MRI and CDS are
mandatory for the assessment of surrounding muscles and
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vessels (43). MRI examinations could reveal the types of soft-
tissue involvement in ORN cases, implying additional muscle
resections or scar release when signals of “hypertrophy” and
“edema” were shown in surrounding muscles (12). The CDS
should always been used out of a reconstructive concern for
finding the most suitable vessels during the preoperative
assessment, since cervical vessel status was not related to
radiation dose or ORN bone severity according to our study.
For patients with severe fibrosis and trismus, preoperative
conservative measures, such as antibiotic, hyperbaric oxygen
(HBO) and anti-fibrotic drugs [pentoxifylline-tocopherol-
clodronate (PENTOC)] can, in our opinion, be applied in
selected patients for ameliorating the STI related damages. We
figure that the first priority during the debridement operation
should be given to finding viable anastomosis vessels, releasing
soft-tissue fibrosis for exposure, and always prepared for
coronoidectomy due to trismus relief concern. Due to the
possible correlation established in the present study between
intraoperative defect size changes and postoperative functional
recovery, we also advocated designs of oversized and well-
vascularized soft-tissue skin paddles or components for
sufficient wound coverage after STI debridement in advanced
ORN cases (44, 45). Sometimes, it is not wise to attain osseous
mandibular reconstructions in the first attempt when STIs
accompanying ORN are severe. The occlusion can be safely
maintained with removable gap-keeping protheses for a
possible secondary osseous bone reconstruction. In addition,
when it comes to soft tissue debridement, we are always
inclined to err on the safe side for being a bit more aggressive
in treating the STIs in advanced ORN cases. The fibrotic tissues,
surrounding ORN bone lesions, should be checked for both
vascularity and elasticity. Some soft tissues, especially those with
radioinduced or infectious stiftness texture tend to cause serious
wound dehiscence even when a large bulky flap was utilized. The
causes of such complications, as far as we are concerned, are due
to the postoperative tissue retraction and insufficient
subcutaneous scar release, both leading to local deficiency of
subdermal circulations. Besides, postoperative reinforcement
measures, such as HBO or PENTOC, are also advocated for
increasing local tissue viability (Figure 6).

Lastly, this work has limitations due to the retrospective
design, and the data were from a single institution only. In
addition, the number of patients with advanced ORN was
relatively small. Some of the evaluations were also subjective
owing to the varied histories and conditions of ORN patients.
Admittedly, our findings need to be viewed with caution pending
a larger multi-institutional study, but the data can help to guide
decisions and prognoses about the treatment of individual ORN
patients with severe STT burdens.

CONCLUSIONS

The coexistence of various hard- and soft-tissue damages in
advanced mandibular ORN patients reminds surgeons of
significance in comprehensive assessment of the dual aspects.

It is necessary to take the same active measures to repair severe
STIs as those for ORN bone lesions. For better functional
outcomes, STI factors should always be considered during the
ORN treatment process.
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