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Abstract
Background: Analyze the incidence of MORN after head and neck radiotherapy by two novel irradiation tech-
niques, 3DCRT and IMRT and compare the success rates of distinct authors.
Material and Methods: An electronic search in Pubmed (MEDLINE), Ovid, Google Scholar and Cochrane Li-
brary (Wiley), databases was conducted with the key words "Radiotherapy, Conformal"[Mesh] OR "Radiotherapy, 
Intensity-Modulated"[Mesh]) AND "Osteoradionecrosis"[Mesh] for all databases. The inclusion criteria random-
ized controlled trials (RCT), as well as prospective and retrospective cohort studies published in English; MORN 
patients treated with 3D-CRT y IMRT.
Results: 27 articles were selected from 194 initially found. 14 articles out of 27 were excluded and finally included 
8 publications were included in the systematic review that were ranked according to their level of scientific evi-
dence using the SORT criteria.
Conclusions: When both RT techniques were compared; IMRT revealed a lower risk incidence of MORN devel-
opment and enhanced dose constraint than 3D-CRT (less than 10%), this improvement could translate into less 
complications post RT treatment.
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Introduction
Mandibular osteoradionecrosis (MORN) is defined 
as a zone of exposed necrotic bone in a previously ir-
radiated area that fails to heal over a period of 3–6 
months (1-5). According several authors (1-2) the etio-
pathogenesis of this disease lies in vascular and bone 
tissue damage that causes a hypoxic, hypocellular and 
hypovascular environment. For this reason, the lower 
jaw seems to be especially predisposed to the develop-
ment of the disease (1,2,4-6), since blood supply is re-
stricted to a lone functional terminal artery. The facial 
artery does not happen to be able to deliver enough 
blood vessels to make up for the loss of blood supply 
to the lower jaw afterwards fibrosis of the inferior al-
veolar artery happens (4,6). According to Maeschalck 
et al. (2) the determining factor in the development of 
MORN lies not only on alterations in regulation but 
also in the activation of fibroblastic action. It seems 
that the combination of non-replicating agonizing os-
teoblasts, together with an excessive proliferation of 
myofibroblasts, results in a decrease of bone structure, 
subsequently leading to the origin of vulnerable atro-
phic fibrous tissue on the irradiated area. According to 
some authors (4), the disease is considered mainly as 
a healing impairment, even though it could be associ-
ated with secondary infection. While the development 
of MORN because of decreased blood supply, and 
high radiation dose treatments (>60–75Gy); have been 
strongly suggested as a convincing etiological cause, 
its pathogenesis is noticeably multifactorial (1-8).
The local risk factors described by Moon et al. (1) in-
clude: tumor staging, site and bone proximity, as well 
as radiation field, dose systemic factors and risk be-
haviors such as smoking and alcohol consumption. 
However, poor oral hygiene and local trauma (extrac-
tions, etc.) before or after radiotherapy (RT) have been 
considered throughout history as the most important 
risk factors (1-8). MORN can be difficult to handle 
without the necessary knowledge for its management 
after diagnose. On the other hand, a good cancer treat-
ment assessment and planning is of vital significance, 
as such it is important to diminish these potential risk 
factors to help prevent its development (6).
The reported incidence of MORN has decreased in re-
cent years 20%, on the early 1940s and about 3-8% af-
ter late 90s (2000s) (1-5). This significant decline may 
be attributed to several aspects such as improvements 
in RT methods, which contrasting to conventional RT, 
can produce highly conformal dose distributions that 
result in a toxicity decrease and faster treatment pe-
riods. These dosimetric differences, in turn, can be 
theoretically translated into clinically relevant thera-
peutic advantages and possible enhancements in the 
identification and ease of MORN development factors 

(1-8). ]. The application of modern irradiation tech-
niques as conformal radiation therapy (3D- CRT) or 
intensity-modulated radiation therapy (IMRT) allows 
a more distinct preservation of adjacent primary tu-
mor tissues and a more precise assessment of high-
irradiation and high-risk areas (1-4) which leads to a 
reduction in oral adverse effects, such as the risk of 
development of MORN.
The aim of this study was to perform a systematic 
review about the incidence of MORN after head and 
neck radiotherapy by two novel irradiation techniques: 
3D-CRT y IMRT.

Material and Methods 
This article follows the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) 
statement (9).
- Eligibility criteria
A protocol that defined inclusion criteria, search strat-
egy and outcomes of interest was developed. In order to 
select the appropriate literature, a PICO question was 
designed: What is the incidence of mandibular osteo-
radionecrosis in head and neck cancer patients treated 
with 3D conformal radiotherapy (3DCRT) vs. modulat-
ed intensity radiotherapy (IMRT Study inclusion crite-
ria were (i) design: randomized controlled trials (RCT), 
as well as prospective and retrospective cohort studies 
published in English; (ii) population: MORN in head 
and neck cancer patients; (iii) intervention: patients 
treated with 3D-CRT or IMRT.
Presence or diagnosis of MORN of the jaws was the 
main outcome variable. Secondary explanatory vari-
ables such as radiation dose (RD), disease onset (DO), 
jaw location, and the descriptive variable follow-up 
time were registered.
- Search strategy
An electronic search in Pubmed (MEDLINE), Ovid, 
Google Scholar and Cochrane Library (Wiley), databas-
es was conducted without restriction in year publication 
until September 13 2021.
The search strategy was ("Radiotherapy, 
Conformal"[Mesh] OR "Radiotherapy, Intensity-
Modulated"[Mesh]) AND "Osteoradionecrosis"[Mesh] 
for all databases.
- Study selection and data selection process
The eligibility assessment was performed by first 
screening the titles and abstracts, or the whole text if 
sufficient information could not be gleaned from the 
abstracts to determine their eligibility. The irrelevant 
articles, or those who did not meet the eligibility crite-
ria were discarded (Table 1). Next, the added value of 
high-quality articles was evaluated using the Strength 
of Recommendation Taxonomy Criteria (SORT)(10) as 
shown in Table 2.
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- Risk of bias
Risk of bias was assessed according to the Newcas-
tle-Ottawa scale guidelines (11). The quality of the 
studies was rated as good if they scored 3 to 4 stars 
in selection, 1 or 2 stars in comparability, and 2 or 3 
stars in outcome sections. A fair quality score re-
quired 2 stars for selection, 1 or 2 stars for compara-
bility, and 2 or 3 stars for outcome section; finally, a 
poor or deficient result was considered as one that 
displayed 0 to 1 star in selection, 0 stars in compara-
bility, or 0-1 stars in the outcome section (Table 3).
- Statistical analysis
Statistical analyses evaluation was performed us-
ing Excel 2010 (Microsoft, Redmond, WA, US). 95% 
confidence intervals were reported for t test analysis. 
Comparison of categorical variables was achieved using 
Chi-square test (12).

Results
-Study selection and description
The electronic database search, last updated on Sep-
tember 2021, yielded 751 articles. From the 751 records 
selected only 194 were considered significant to the 
subject. The abstracts of these 194 articles were then 
assessed for eligibility, leading to the selection of 27 
full-text articles. Of the 27 relevant publications, only 
13 articles were selected in which both RT techniques 
were compared and which met SORT criteria for proper 
reporting (10), and consequently endured further qual-
ity assessment methods and then incorporated in the 
systematic review. The remaining 14 publications did 
not meet the inclusion criteria and were therefore dis-
carded. The flow chart for study selection tailored from 
PRISMA statement is exposed in Fig. 1 (9).

Journal Authors RT Type Study Type Exclusion Reason

Oral and Maxillofacial 
Surgery
2018 (14)

See Toh YL 
et al.

IMRT/Tomotherapy/ 
Braquiterapia

Systematic 
review Systematic review

Support Care Cancer
2010 (15)

Peterson DE 
et al. IMRT/3DCRT Literature re-

view Literature review

J Otolaryngol Head 
Neck Surg
2013 (16)

Gevorgyan A 
et al. IMRT/ 3DCRT Literature re-

view Literature review

Eur Arch Otorhinolar-
yngol 2012 (17)

Lee CC, Ho 
CY. IMRT/2DCRT/3DCRT Literature re-

view
Literature review. It does not specify 

disease incidence results for each 
therapy separately.

Chin Clin Oncol.
2018 (18)

Ohnleiter T 
et al. IMRT/ 3DCRT Cohort study

Does not meet inclusion criteria (re-
irradiated patients) does not specify 

disease incidence results for each 
therapy separately.

3D-CRT= 3D Conformal Radiotherapy, IMRT= Intensity Modulated Radiotherapy.

Table 1: Discarded articles and reasons for exclusion.

Fig. 1: Flowchart of the review process, modified from the PRISMA 
statement. 

RT: Radiotherapy.
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Journal Authors Patients Study 
Type

Sample 
Size Dose (Gy) Surgical 

Manipulation
Risk 

Behaviors
Disease On-
set MORN Summary

Oral 
oncology 

2017
(1)

Moon 
DH 

et al.
IMRT / 
3DCRT 

Retro-
spective 
cohort

3D-CRT 
(27) vs. 
IMRT 
(225)

3D-CRT 
69.2 Gy (66-
70)/ IMRT 

66.8 Gy 
(60-70)

Pre-RT 
Extractions 

(14)
71.4%

Active 
smokers (8) 
vs. Active 

drinkers (3) 
(71.4% vs. 

3.8%)

8 months 
(range, 3–40 
months   *

3D-CRT 
(5) vs. 

IMRT (9) 
(19% vs. 
4.0%).

Head 
Neck 
2016
(2)

Maess-
chalck T 

et al.

IMRT / 
3DCRT

Retro-
spective 
cohort

3D-CRT 
(145) vs. 
IMRT 
(89)

3D-CRT 
51.1Gy 
(±11.2)/ 
IMRT 

45.03Gy 
(±11.2Gy) 

Post-RT 
Extractions

(12)
50%

Active 
smokers (13) 

vs. Active 
drinkers 

(NR) (52%)

65 months 
(±46 

months)

3D-CRT 
(16) vs. 

IMRT (9) 
(11% vs. 
10.2%)

Int J Oral 
Maxillo-
fac Surg

2019
(3)

Willaert 
R 

et al.

IMRT / 
3DCRT

Retro-
spective 
cohort

3D-CRT 
(129) vs. 
IMRT 
(109)

3D-CRT 72 
Gy (50–72) / 
IMRT 65 Gy 

(60–72)

Pre-RT 
Extractions 

(64)
71.4%

Active 
smokers 

(112) vs. Ac-
tive drinkers 

(95) (86% 
vs. 73.6%)

53 months 
(range 

6.7–67.7) 
on IMRT 
group vs. 
40 months 

(range 
1.2–92.4) 
3D-CRT

3D-CRT 
(18) vs. 

IMRT (4) 
(14% vs. 

3.7%)

Head 
Neck 
2011
(4)

Chopra 
S 

et al.

IMRT / 
3DCRT

Retro-
spective 
cohort

3D-CRT 
(40) vs. 

IMRT (6)

60 Gy

Post-RT 
Extractions

(26)
60%

Active 
smokers (15) 

vs. Active 
drinkers (33) 

(35% vs. 
76%)

7.5 months 
(range: 1 – 
84 months).

3D-CRT 
(37) vs. 

IMRT (6) 
(87% vs. 

13%)

 Radiat 
Oncol 
2021
(5)

Kubota 
H 

et al.

IMRT / 
3DCRT

Retro-
spective 
cohort

3D-CRT 
(448) vs. 
IMRT 
(168)

69.96 
(50–75)

Pre-RT 
Extractions 

(21)
46%,

Post-RT 
Extractions

(12)
26%, 

mandibular 
surgery (7) 

15%

Active 
smokers (38) 

vs. Active 
drinkers (33) 

(83% vs. 
72%)

27 months  
(2–127).

3D-CRT 
(39) vs. 

IMRT (7) 
(9% vs. 
4.16%)

Otolaryn-
gol Head 
Neck Surg

2014 
6)

Duarte 
VM 

et al.

IMRT / 
3DCRT

Retro-
spective 
cohort

3D-CRT 
(158) vs. 
IMRT 
(99)

3D-CRT 64 
Gy/ IMRT 

66.8 Gy 

Pre-RT 
Extractions 

(10)
10%

NR NR

3D-CRT 
(10) vs. 

IMRT (0) 
(10.1% vs. 

0%)
Int J 

Radiat 
Oncol 

Biol Phys
2013
(7)

Tsai CJ 
et al. IMRT / 

3DCRT

Retro-
spective 
cohort

3D-CRT 
(68) vs. 
IMRT 
(334)

66 Gy (57-
73) for both 

groups

 Pre-RT 
Extractions

(9)
38%

Active 
smokers (11) 

vs. Active 
drinkers (16) 

(44% vs. 
61%)

8 months 
(range, 0–71 

months)

3D-CRT 
(9) vs. 

IMRT (21) 
(13% vs. 

6%)

Clin Oral 
Invest
2017
(8)

Schw-
eyen R 
et al.

IMRT / 
3DCRT

Retro-
spective 
cohort

776
3D-CRT 
(NR) vs. 

IMRT 
(NR)

70.6 (64-70)
Bone surgery

(20)
80%

NR 9 months  
(0–90).

3D-CRT 
(42) vs. 

IMRT (9) 
(5,4% vs. 
1,16%)

3D-CRT= 3D Conformal Radiotherapy, IMRT= Intensity Modulated Radiotherapy NR= Not Reported.

Table 2: Articles included.
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Study

Selection Comparability Outcome

QualityRepresenta-
tiveness of the 
exposed cohort

Selection 
of the non 
exposed 
cohort

Ascer-
tainment 
of expo-

sure

Demon-
stration 
that out-
come of 
interest 
was not 
present 
at start 
of study

Comparability of 
cohorts on the basis 

of the design or 
analysis

Assess-
ment of 

out-
come

Was 
follow-
up long 
enough 
for out-
comes 

to occur 
(mean 

follow-up 
6 months)

Proper follow-up

Moon 
et al. 
2019 
(1)

Truly represen-
tative (1*)
All patients 
treated with 

RT at a tertiary 
academic in-
stitution with 

oral cavity and 
oropharyngeal 

cancer 

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 

(1*)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, smok-
ing, alcoholism, 

hypertension, diabe-
tes mellitus, MORN 

location, MORN 
stage, nodal status, 

mandibular invasion, 
if surgery was per-
formed prior to RT 

(mandibular, extrac-
tion), RT technique, 
Adjuvant or concur-

rent CT (1*)

Record 
linkage 

(1*)

Yes (1*) 
Median 
follow-
up of 25 
months 
(range: 
6 to 81 

months)

Subjects lost to fol-
low up unlikely to 

introduce bias: small 
number lost is less 

than or equal to 20% 
or the description of 
the lost did not sug-
gest differences with 
those followed (1*)

Of 282 eligible 
patients, 30 were 
excluded due to 

follow-up of less than 
6 months

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

Maess-
chalck 
et al. 
2016 
(2)

Truly represen-
tative (1*) All 
patients treated 
for oropharyn-
geal carcinoma 

with radio-
therapy with 

curative intent, 
with or without 

concomitant 
chemotherapy, 
between 2002 

and 2012.

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 

(1*)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, smok-
ing, alcoholism, dia-
betes mellitus, dental 

status, edentulism, 
MORN location, 

MORN stage, nodal 
status, mandibular 
invasion, if surgery 
was performed prior 
to RT (mandibular, 
extraction), tech-

nique of RT, adjuvant 
or concurrent chemo-

therapy (1*)

Record 
linkage 

(1*)

Yes (1*) 
Total 

follow-
up of 59 
months 
for 3D-

CRT 
vs. 38.4 
IMRT

Subjects lost to fol-
low up unlikely to 

introduce bias: (1*):

Non significant exclu-
sion

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

Wil-
laert 
et al. 
2019 
(3)

Truly represen-
tative (1*)

Medical records 
and radiological 
images of 109 

patients treated 
with primary 

intensity-mod-
ulated radiation 
therapy (IMRT) 
and 129 patients 

treated with 
primary three-

dimensional 
conformal ra-

diation therapy 
(3D-CRT) were 

evaluated.

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 

(1*)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, smok-
ing, alcoholism, 

hypertension, diabe-
tes mellitus, MORN 

location, MORN 
stage, nodal status, 

mandibular invasion, 
if surgery was per-
formed prior to RT 

(mandibular, extrac-
tion), RT technique, 
Adjuvant or concur-

rent CT (1*)

Record 
linkage 

(1*)

Yes (1*) 
Median 

follow-up 
of 51.5 
months 
(range: 
6 to 132 
months)

Subjects lost to 
follow up unlikely 
to introduce bias: 
small number lost 

is less than or equal 
to 2.8% or the de-

scription of the lost 
did not suggest dif-
ferences with those 

followed (1*)
245 patients eligible 
for the study were 

confirmed. Seven pa-
tients with incomplete 

clinical history or 
inadequate follow-up 

were excluded.

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

Chopra 
et al. 
2011 
(4)

 Truly repre-
sentative (1*)
Forty-six pa-

tients diagnosed 
between June 

2002 and March 
2009 were 

retrospectively 
analyzed.

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 
(1 *)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, race, 
smoking, alcohol-
ism, dental status, 

oral hygiene, MORN 
stage, if surgery was 
performed prior to 

RT (jaw, extraction), 
RT technique, adju-
vant or concurrent 

CT (1*)

Record 
linkage 

(1*)

Yes (1*) 
Median 
follow-

up of 7.5 
months 
(range: 
1 – 84 
months

Subjects lost to fol-
low up unlikely to 

introduce bias (1*):

Non significant exclu-
sion 

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

Table 3: Risk of bias assessment (Newcastle–Ottawa Quality Assessment Scale criteria). 
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Kubota 
H et al. 
2021(5)

Truly represen-
tative (1*)

Medical records 
of 616 patients 
with HNSCC 
treated with 

curative intent 
or postoperative 
radiation thera-
py (RT) during 

2008–2018 were 
evaluated

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 
(1 *)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, dental 
status, RT technique, 
MORN stage, if sur-
gery was performed 
prior to RT (jaw, ex-
traction), adjuvant or 
concurrent CT (1*)

Record 
linkage 

(1*)

Yes (1*) 
Median 
follow-
up of 40 
months 
(range, 
3–145).

Subjects lost to fol-
low up unlikely to 

introduce bias (1*):

Non significant exclu-
sion 

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

Duarte 
et al. 
2014 
(6)

Truly represen-
tative (1*)
The medi-

cal records of 
patients with 

malignant head 
and neck tumors 
were evaluated, 

a total of 158 
patients who 
were treated 

with 3DCRT or 
IMRT between 
2003 and 2011 
were identified.

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 

(1*)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, smok-
ing, alcoholism, 

candida infection, 
caries, xerostomia, 

mucositis, oral 
hygiene, dental 

status, periodontitis, 
edentulism, MORN 

location, MORN 
stage, if surgery was 
performed prior to 
RT (of mandible, 

extraction), RT tech-
nique, adjuvant or 
concurrent CT (1*)

Record 
linkage 

(1*)

NR

Subjects lost to fol-
low up unlikely to 

introduce bias (1*): 
Patients who did not 
comply with dental 
follow-up or who 

demonstrated missed 
appointment visits, 

who had any evidence 
of pre-treatment 

dental disease, were 
excluded.

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

Tsai 
et al. 
2013 
(7)

Truly represen-
tative (1*)
This study 

included 402 
patients with 

oropharyngeal 
cancer in clini-
cal stages T1 

and T2 treated 
between Janu-
ary 2000 and 
October 2008.

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 

(1*)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, race, 
smoking, alcoholism, 
feeding tube require-
ment, dental status, 

MORN location, 
MORN stage, nodal 
status, mandibular 
invasion, whether 
surgery was per-

formed prior to RT 
(mandibular, extrac-
tion), RT technique, 
adjuvant or concur-

rent CT (1*)

Record 
linkage 

(1*)

Yes (1*) 
Median 
follow-
up of 31 
months 
(range: 
1 to 120 
months)

Subjects lost to fol-
low up unlikely to 

introduce bias (1*): 
Because the aim of 
this study was to 

focus on the effect of 
radiation on the onset 
of ORN, only patients 
with oropharyngeal 

cancer were included 
and those with oral 
cancer, which are 
more frequently 

treated postopera-
tively and with lower 
doses. In addition, the 
patient population in 

this study was derived 
from a database used 
in a biomarker study 
with only a limited 
number of stage T3 

and T4 disease, it was 
thought appropriate 
to exclude patients 

with stage T3 or T4 to 
create a more homo-
geneous population.

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

Schw-
eyen 
et al. 
2017 
(8)

Truly represen-
tative (1*)

This study in-
cluded the data 
of 776 patients 
who underwent 

3D-CRT or 
IMRT because 

of head and neck 
cancer.

Drawn 
from the 

same 
com-

munity 
as the 

exposed 
cohort 
(1 *)

Secure 
record 

(1*)
Record 
of ad-
minis-

tered RT

Yes (1*) 
correct, 
it was 

not pres-
ent

Age, gender, dental 
status, RT technique, 
MORN stage, if sur-
gery was performed 
prior to RT (jaw, ex-
traction), adjuvant or 
concurrent CT (1*)

Record 
linkage 

(1*)

Yes (1*) 
Median 
follow-
up of 9 
months 
(range, 
0–90).

Subjects lost to fol-
low up unlikely to 

introduce bias (1*):
Non significant exclu-

sion 

Good
(4* in 

selection, 
1* in 

compa-
rability 

and 3* in 
outcome)

MORN= Mandibular osteoradionecrosis, 3D-CRT= 3D conformal radiotherapy, IMRT= Intensity Modulated Radiotherapy, CT= Chemo-
therapy NR=Not Reported.

Table 3 cont.: Risk of bias assessment (Newcastle–Ottawa Quality Assessment Scale criteria). 
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Of the 13 full-text articles that compared both RT tech-
niques, only 8 were classified as level 2. The other 5 
reports did not fulfill the standards to be considered 
with acceptable internal validity and were classified as 
level 3 and omitted from consequent examination. Al-
though Kuhnt et al. publication (13) was not a duplicate 
article, it presented the same data as the research car-
ried out by Schweyen et al. (8) and was not included in 
the systematic-review. Of the 5 studies discarded, the 
article by See Toh et al. was a systematic review (14), 
3 were literature reviews (15-17), and one cohort study 
(18) that did not specify the disease incidence results for 
each RT technique, added to this, it included re-irradi-
ated patients within the study population, which is an 
important variable that would directly affect the onset 
of the disease in treated patients. Since no examina-
tion fulfilled the base standard to be considered as high 
quality, there were no level 1 investigations of the SORT 
criteria classification (Table 1). In this investigation, the 
selected body of evidence (level 2) is made up of studies 
that presented solid and reliable findings. Therefore, the 
strength of the recommendation was considered level B, 
in light of the fact that the set of studies analyzed were 
considered reliable but of restricted quality. In depth 
analysis of variables are portrayed in Table 1, Table 2, 
Table 3 and Table 4 (10). Accomplishing quality assess-
ment is difficult due to the great heterogeneity of study 
designs involved as portrayed in the present review, 
which would conduct, to an incorrect combination of 
data. We considered a meta-analysis to be unsuitable as 
a result of discrepancies in study designs, interventions, 
participants, settings and outcome measures. Potential 
biases like inconsistent follow-up time, small sample 
size and uneven dose administration make calculating a 
single summary assessment of disease onset effect po-
tentially ambiguous. Therefore, the current systematic 
review does not enclose meta-analysis.
- Risk of bias assessment
As shown in Table 3, the eight cohort studies analyzed 
(1-8) were classified as high quality, since most of them 
obtained scores equal or greater than 7 on the Newcas-
tle-Ottawa scale (11). Although subject exclusion rea-
sons were reported in detail in each article, in the study 
by Maesschalck et al. (2) the authors decided to exclude 
patients without clinical manifestations of the disease 
addressed as “radiographic MORN”, while Duarte et 
al. (6) excluded those who received primary surgical 
treatment and referred evidence of dental disease prior 
treatment, which directly affected the results of this 
systematic review, onset development time data was not 
available as well.
- Data extraction: qualitative synthesis.
Our results showed superior sparing capability results 
in the IMRT group than 3D-CRT in all the compared 
studies (1-8); Moon et al. (1) revealed significantly low-

er rates of MORN in patients subjected to IMRT and 
3D-CRT treatment (19.0% vs. 4.0%), Willaert et al. (3) 
(14.0% vs. 3.7%), Tsai et al. (7) (13.0% vs. 6.0%), Du-
arte et al. (6) (6.3% vs. 0%), and Kubota et al (5) (9% 
vs. 4.1%) respectively. Maesschalck et al (2) showed no 
significant differences between both groups 3D-CRT 
n= 16 (11.0%) vs. IMRT n = 9 (10.2%). The incidence 
of MORN from a total sample size of 2.045 patients, 
when both RT techniques were compared was 13.2% 
(11.1-15.3) (n= 134) for 3D-CRT and 5.4% (4.0-6.8) (n= 
56) for the IMRT group; suggesting enhanced mandible 
toxicity results (1-7).
Statistically significant outcomes were perceived be-
tween groups in patients receiving high RT doses ≥60 
Gy. In 7 of the 8 studies analyzed (7.6%) n= 216, re-
gardless of which technique was performed, all sub-
jects who developed MORN underwent RT treatment 
under mean doses of ≥60 Gy (1,3-8). Exposure data for 
each individual radiological technique was not avail-
able in the study by Schweyen et al. (8). On the other 
hand, Maesschalck et al. (2) registered more cases of 
disease onset in the 3D-CRT group when doses below 
60 Gy were administered in a sample size of 25 patients 
(1.13%). A time interval from RT administration to dis-
ease onset was examined, and the mean onset time was 
determined to be 31.1 months. Onset development time 
was not available in one study (6).
In this study among the 241 cases of MORN, which 
developed after IMRT and 3D-CRT techniques from 
2821 head and neck cancer patients screened in all 8 
articles, only 1 case (0.4%) developed in the upper jaw 
(3), while de remaining cases (99.6 developed in the 
lower jaw (1-8). It seems that bone surgery and dental 
extractions, both prophylactic and post-RT, persist as 
determining factors for the development of MORN in 
most of the evaluated series, in 6 of the 8 publications 
analyzed (1-5.8), 4.5% of the subjects (n=126) per-
ceived an increase in the development of the disease, 
after surgical manipulation, demonstrating incidence 
rates of 50% or higher. In the publication by Moon 
et al. (1) 71.4% of the subjects that received pre-RT 
extractions (n=10) developed MORN. In Maesschalck 
et al. series (2) 50% of the subjects (n=12) developed 
the disease, after performing post-RT extractions; 
similarly, Chopra et al. (4) reported incidence rates 
of MORN in patients undergoing dental extractions 
post-RT in 60% of cases (n=26). Willaert et al. (3) in-
dicated rates of 64% (n=14), from the 14 affected pa-
tients, 10 received post-RT extractions and 4 prophy-
lactic tooth extractions. In the Schweyen et al. study 
(8) 80% of the subjects (n=20) who developed MORN 
underwent bone surgery. By reducing the total num-
ber of the cohort of patients who endured this proce-
dure during primary tumor excision surgery, the rela-
tive frequency of MORN decreased from 6.6 to 3.6%.
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Author 
and 
year

Level of 
evidence

Strength of 
recommen-

dation
RT Type Sample size MORN Incidence Main out-

come Location

Moon et 
al. 2017 

(1)
2 B 3D-CRT/

IMRT
3D-CRT (27) vs. 

IMRT (225)

3D-CRT (5) vs. 
IMRT (9) (19% vs. 

4.0%).

3D-
CRT>IMRT

Mandible 14 cases 
(100%)

Maess-
chalck et 

al.
2016 (2)

2 B 3D-CRT/
IMRT

3D-CRT (145) 
vs. IMRT (89) 

3D-CRT (16) vs. 
IMRT (9) (11% vs. 

10.1%)

3D-CRT–
IMRT

Mandible 234 
cases (100%)

Willaert 
et al. 

2019 (3)
2 B 3D-CRT/

IMRT
3D-CRT (129) 
vs. IMRT (109) 

3D-CRT (18) vs. 
IMRT (4) (14% vs. 

3.7%)

3D-
CRT>IMRT

Mandible / Upper 
Jaw 21 vs.1 cases 
(95.3% vs. 4.7%)

Chopra 
et al. 

2011 (4) 
2 B 3D-CRT/

IMRT
3D-CRT (40) vs. 

IMRT (6) 

3D-CRT (37) vs. 
IMRT (6) (87% vs. 

13%)

3D-
CRT>IMRT

Mandible 43 cases 
(100%)

Kubota 
H et al. 
2021 (5) 

2 B 3D-CRT/
IMRT

616 3D-CRT 
(448) vs. IMRT 

(168) 

3D-CRT (39) vs. 
IMRT (7) (8,7% vs. 

4,1%)

3D-
CRT>IMRT

Mandible 46 cases 
(100%)

Duarte 
et al. 

2014 (6) 
2 B 3D-CRT/

IMRT 3D-CRT (158) 
vs. IMRT (99) 

3D-CRT (10) vs. 
IMRT (0) (6.3% vs. 

0%) 

3D-
CRT>IMRT

Mandible 257 
cases (100%)

Tsai 
et al. 

2013(7)
2 B 3D-CRT/

IMRT
3D-CRT (68) vs. 

IMRT (334)

3D-CRT (9) vs. 
IMRT (21) (13% vs. 

6%)

3D-
CRT>IMRT

Mandible 30 cases 
(100%)

Schwey-
en et al. 
2017(8)

2 B 3D-CRT/
IMRT

776 3D-CRT 
(NR) vs. IMRT 

(NR) 

3D-CRT (42) vs. 
IMRT (9) (5.4% vs. 

1,1%)

3D-
CRT>IMRT

Mandible 51 cases 
(100%)

Total Sample Mean incidence

3D-CRT 
(1015) vs. 

IMRT (1030)

3D-CRT (134) 
vs. IMRT 

(56) (13.2% 
[11,1-15,3] vs. 

5.4%[4,0-6,8]).
RT= Radiotherapy, MORN= Mandibular osteoradionecrosis, 3D-CRT= 3D conformal radiotherapy, IMRT= Intensity Modulated Radiothera-
py, NR= Not Reported.

Table 4: MORN incidence in comparative studies and SORT criteria application.

Kubota et al. (5) recorded the highest incidence of 
MORN, in this publication, 87% of the subjects exposed 
MORN (n=40) after receiving mandibular surgery pre-
RT (n=7) and dental extractions both pre-RT (n= 21) as 
post-RT (n=12). The remaining 2 studies (6-7) indicated 
less than 40% rates in 1% of the population (n=19). In 
Tsai et al. publication (7) 38% of the subjects who devel-
oped the disease were treated with pre-RT extractions 
(n=9), while in the study performed by Duarte et al. (6) 
only 10% of the patients who received prophylactic ex-
tractions (n=10) developed the disease.
Risk behaviors were important factors in the develop-
ment of the disease in 6 of the 8 studies (1-5,7). 7% of 
the subjects (n=197) reported being active smokers. In 
3 of the 8 articles (2,3,5) more than 50% of the subjects 
who developed the disease disclosed regular smoking 

habits. In Maesschalck et al. research (2) 52% of sub-
jects (n=13) developed MORN. Kubota et al. (5) report-
ed rates of 83% in their series (n=38). Willaert et al. 
(3) reported the highest incidence levels of the disease 
in active smokers, 86% of the population (n=112). The 
remaining articles indicated incidence rates of MORN 
in less than 50% of subjects with regular smoking hab-
its. Tsai et al. (7) reported MORN incidence rates in 
44% of the investigated subjects (n=11), Chopra et al. 
(4) described disease 35% onset rates (n=15), on the oth-
er hand, Moon et al. (1) reported the lowest incidence 
levels of MORN in active smokers in 11% of the cases 
(n=8). The 2 remaining authors (6,8) did not report any 
related data referred to smoking and the development of 
MORN. Instead, 6.3% of the subjects (n=180) reported 
consuming alcohol regularly. In 4 of the 8 studies (3-
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5.7) more than 60% of the patients who developed the 
disease reported consuming alcohol regularly. Chopra 
et al. (4) indicated the highest incidence of the disease 
in alcohol consuming patients 76% (n=33), followed by 
Willaert et al. (3) with 73.6% of subjects (n=95), Kubota 
et al. (5) 72% (n=33) and Tsai et al. (7) with 61% of af-
fected patients (n=16), while Moon et al. (1) portrayed 
the lowest incidence rate levels with 3.8% (n=3). The re-
maining 3 studies (2,6,8) did not report any data related 
to alcohol consumption and disease development.

Discussion
The main purpose of the present study was to determine 
the incidence of MORN by means of novel irradiation 
techniques; based on the information analyzed in se-
lected articles, the assumption we had was that patients 
treated with IMRT would ultimately manifest lower 
rates of MORN.
In our cohort of 2,045 patients, the MORN incidence 
was 13.2% (11.1-15.3) (n=134) for 3D-CRT and 5.4% 
(4.0-6.8) (n=56) for the IMRT group, patients treated 
with this last RT technique showed less than 5% rates, 
presenting consistent results with other modern series 
(1,3,5,6,8). Moon et al. (1) reported MORN incidences 
of 4% (n=9) of a 225 subject series with a mean follow-
up of 25 months; Willaert et al. (3) reported 4 cases out 
of 109 patients with a mean follow-up of 51.5 months. 
Kubota et al. series (5) indicated incidences of 4% (n=7) 
in a population of 616 subjects, with a mean follow-up of 
40 months. On the other hand Duarte et al. (6), achieved 
the lowest rates out of all examined studies, reporting 0 
cases of MORN from a 99 patient sample treated with 
this technique. Schweyen et al (8). reported 9 affected 
patients from a 776 subject series, however, the number 
of patients undergoing each separate therapy was not 
provided, as explained in Table 1. In the 3 remaining 
studies (2,4,7) due to the significant distribution differ-
ences within groups undergoing each type of RT, the 
IMRT treated patients MORN rates ranged between 6% 
and 13%. However, after analyzing each article individ-
ually, it was concluded that the disease manifestation in 
each subject series was directly related not only to the 
different risk factors that triggered the disease, but also 
to the toxic habits of each patient, which will be dis-
cussed later. Tsai et al. (7) reported 6% (n=21) disease 
rates in a 334-subject population, with a mean follow-up 
of 8 months. Maesschalck et al. (2) on the other hand, re-
ported 9 cases of MORN (10.2%) after a mean follow-up 
of 65 months from a sample of 89 patients, finally Cho-
pra et al. (4) portrayed the highest disease rates of all the 
analyzed studies, reporting 13% frequencies (n=6) in a 
6 subject series, with a mean follow-up of 7.5 months.
On the other hand, when analyzing the undergoing 
3D-CRT RT patient series, the incidence MORN rates 
fluctuated between 5.4% and 87% (1-8), Kubota et al. 

patients series (5), reached disease incidences of 8.7% 
(n=39) of a 616 subject series with a mean follow-up of 
40 months; the lowest incidence of MORN was found 
in the Schweyen et al. study (8) reporting 42 affected 
patients in a 776 subject series, within a 9 month mean 
follow-up time, however, this data is not conclusive 
because, as indicated before, the number of patients 
subjected to each separate therapy was not provided 
from the beginning. The rest of the examined articles 
(1-4,6-7) presented incidence rates greater than 10%. 
The Maesschalck et al. subject series (2) together with 
Duarte et al. (6) showed similar results 10.2% and 11% 
respectively. Likewise Willaert et al. (3) and Tsai et al. 
(7) exposed similar incidence rates 14% and 13% corre-
spondingly. Moon et al. (1) like Chopra et al. (4) exhibit-
ed the highest disease rates. The first reported 5 MORN 
cases (19%) in a 27 subject series, with a mean follow-
up of 8 months (1). While Chopra et al. (4) exposed the 
highest disease incidence rates, reporting 87% frequen-
cies (n=37), with a mean follow-up of 7.5 months.
Throughout time a close association between maximum 
RT dosage and MORN onset (1-8), historically, MORN 
increased risk has been witnessed in patients receiving 
high dose levels of radiation (>60 Gy), in agreement with 
our study, most of the patients who developed osteora-
dionecrosis of the jaw underwent RT treatment under 
mean doses of ≥60 Gy (7.6%) n= 216 (1,3-8), in contrast 
Maesschalck et al. (2) reported more cases of MORN 
in the 3D-CRT group when doses under 60Gy were ad-
ministered, 51.1 Gy vs. 45.03 Gy for the IMRT group, 
respectively. According to these authors, the main rea-
son of the development of MORN lies in the dosimetry 
and bone volume distribution of the compromised irra-
diated area, regardless of the technique used (3DCRT or 
IMRT). Tsai et al. (7) support this theory and state that 
smaller mandibular volumes prone to receiving high 
doses may aggravate bone exposure caused by acute 
mucositis, therefore, a good pre-operative planning, in 
which the mandibular volumes exposed to high doses are 
limited, could help mitigate the appearance of MORN.
The lower jaw predilection promotes early literature 
evidence, which stated poor blood supply as the main 
reason for disease development, which in the past, Marx 
suggested in his theory of osteoradionecrosis patho-
physiology by the triad hypoxia, hypocellularity and 
hypovascularity (19), in agreement with our findings in 
which the lower jaw persisted as the preferred location 
of MORN (99.5%) (1-8). In the study performed by Cho-
pra et al. (4) post-RT secondary infection was signifi-
cantly correlated with MORN appearance. According 
to these authors, secondary infections may be associ-
ated with the disease manifestation, although MORN 
arises mainly as a problem of ischemia and scarring, 
since strains of Actinomyces have been detected spo-
radically in the affected bone tissue.
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Poor oral health, on the other hand, MORN progression 
has been widely accepted as an important risk factor, es-
pecially when post-RT extractions are performed on the 
lower wisdom teeth. According to the analyzed series 
(1-8), most of patients who required dental extractions 
were more likely to exhibit poor oral hygiene, smoke and 
to exhibit: comorbid conditions, poor bone quality, poor 
blood supply and therefore a increased risk of develop-
ing MORN. Bone surgery requirement, as well as tooth 
extraction before or after RT, persisted as determining 
factors in most cases (1-5,7,8). In the study performed 
by Moon et al. (1) 10 out of 14 patients who developed 
MORN (71.4%) underwent extractions prior to RT. In 
Maesschalck et al. series (2) post-RT tooth extraction 
remained as the most frequent disease trigger, in almost 
50% of the patient population: 8 out of 16 in the 3D-
CRT treated group and 4 out of 9 in the IMRT group. In 
the study by Chopra et al. (4) post-RT extraction history 
was predictive of MORN in 60% of the cases (n=26). 
In Willaert et al. series (3) the disease developed in 14 
patients post-extraction sockets, however, in 4 out of 14 
subjects, this followed after prophylactic extractions 
were performed. In the study by Tsai et al. (7) 37.5% 
of the subject population (n=9), developed MORN after 
experiencing post-RT extractions. In Kubota et al. se-
ries (5) MORN developed in 46% of the subjects (n=21) 
after pre-RT dental extractions were performed, in 26% 
after post-RT extractions (n=12); and in15% (n=7) af-
ter pre-RT mandibular surgery. However, in the study 
conducted by Duarte et al. (6) pre-RT tooth extractions 
did not show any significant outcomes, in this series, 
only 10.1% of the patients (n=10) developed the disease 
out of 28.3% of the subjects (n=28) who received den-
tal extractions in the 3D-CRT group; in contrast, the 
patients who received extractions in the IMRT group 
20.3% (n=12) did not expose any MORN cases. In the 
study by Schweyen et al. (8) 80% of the patients who 
manifested MORN (n=20) endured bone surgery. By 
reducing the total number of the cohort of patients who 
underwent this procedure during tumor surgery, the rel-
ative frequency of MORN would have diminished from 
6.6 to 3.6%. According to these authors, the fact that 10 
of these 20 patients were mandibular edentulous before 
RT treatment reinforces the relationship between bone 
surgery and disease progression risk.
Similarly, the risk behaviors of each patient were influ-
ential factors on the disease development in 6 of the 8 
studies examined (1-5,7). In the study by Moon et al. 
(1) MORN rate was higher in current smokers than 
in non-smokers (11% vs. 3.4%). In these series, out of 
the 14 MORN subjects, 11% (n=8) were active smoker 
cases, 3.8% (n=3) were heavy drinkers and 6.3% (n=11) 
indicated light or no alcohol intake. In Tsai et al. series 
(7) out of the 30 MORN affected patients, 64% of the 
subjects (n=16), declared regular alcohol consumption, 

while 24% (n=6) indicated previous alcohol consump-
tion, regarding smoking habits, 44% of the subjects 
(n=11) reported being active smokers and 32% (n=8) 
indicated having smoked in the past. Maesschalck et 
al. (2) also reported a high MORN incidence in active 
smokers, in 52% of the population (n=13). Willaert et 
al. (3) reported higher MORN rates in regular smoking 
patients, in these series of 129 subjects in the 3DCRT 
group, 86.8% (n=112) declared tobacco consumption 
and 73.6% (n=95) reported regular alcohol consump-
tion, subsequently, 14% (n=18) developed the disease, 
in the IMRT group 109 subjects 86.2% (n=94) reported 
tobacco consumption and 73.4% (n=80) reported reg-
ular alcohol consumption, 3.7% (n=4) developed the 
disease later. Likewise, in Kubota et al. series (5) from 
46 MORN affected patients, 83% (n=38) related being 
active smokers and 15% (n=7) did not report smoking 
habits; Regarding alcohol consumption, 72% (n=33) 
described past alcohol consuming history, while 24% 
(n=11) reported light or no alcohol intake. In contrast, 
in the Chopra et al. study (4) the risk behaviors did not 
play a significant role in the development of the dis-
ease; In this study, out of the 43 patients who developed 
MORN, 35% (n=15) reported smoking actively, while 
65% (n=28) stated not having any smoking habits; how-
ever, 76% of the patients who developed the disease 
(n=33) consumed alcohol regularly and 24% (n=10) did 
not report alcohol intake. According to these authors, 
the continuous consumption of tobacco and alcohol has 
been related to the appearance of MORN, justified in 
terms of chronic ischemic damage, vasoconstriction 
and vasculitis of small caliber vessels.
In the present study, most of patients were treated with 
IMRT compared with 3D-CRT, and a trend towards less 
MORN rate was portrayed. It is important to emphasize 
the alikeness of results when estimating the incidence 
of IMRT between each group; the mean outcome in-
cidence among all registered studies was 5,4% (1-7), 
demonstrating marked homogeneity in each analysis 
thus supporting consistent conclusions. However, the 
current results should be treated with discretion as sig-
nificant limitations, one of the most important being 
the retrospective non-randomized nature of the study, 
which led to divergent incidence conclusions between 
publications. Going deeper into this point, it is impor-
tant to highlight the great variability of results accord-
ing to the inclusion criteria and evaluation of the dis-
ease in the analyzed publications (2,6). In the series by 
Maesschalck et al. (2) the authors decided to exclude 
the cases of "radiographic MORN", i.e. patients with 
intact mucosa and no clinical outcomes; while Duarte 
et al. (6) opted for the exclusion of patients with any 
evidence of pre-treatment oral pathology (e.g., caries, 
infection, periodontitis) as well as those who indicated 
extractions prior to dental extractions indicated prophy-
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lactically. By omitting these data from the total number 
of the population, the cohort tends to be heterogeneous, 
thus affecting the relative frequency of the disease, di-
rectly influencing the results of this study. According to 
Duarte et al. (6) a prospective randomized study would 
be a better evaluation to compare the incidence rates of 
MORN, however, it is still difficult to implement since 
currently IMRT therapy has been included as standard 
treatment due to its theoretical advantages.
Because the MORN development risk is a very fluctu-
ating outcome, thus it may develop after several years 
post RT treatment, it is crucial an appropriate follow-
up period in published studies when comparing or as-
sessing data, to deliver effective results. Disease onset 
as expected was a very inconsistent variable among 
all studies (range: 7.5 - 65 months); this may be due to 
multiple aspects specific to each study (surgery perfor-
mance, oral treatment, etc.) and of particular character-
istics such as systemic factors and risk behaviors. Due 
to the retrospective condition of the present report, sev-
eral limitations such as small sample size in some of the 
analyzed studies, as those exposed by Chopra et al. (4) 
(46 patients), inconsistent follow-up time as mentioned 
earlier and uneven dose administration in each study, 
these biases should be removed in further researches.

Conclusions
In conclusion, when both RT techniques were com-
pared; IMRT revealed a lower risk incidence of MORN 
development and enhanced dose constraint than 3D-
CRT (less than 10%), this improvement could translate 
into less complications post RT treatment. However, the 
deficient number of quality articles comparing these 
two RT techniques makes it difficult to draw a concrete 
conclusion. It also should be pointed that not only the 
application of these new techniques but the reduction 
of risk factors, interdisciplinary patient supervision and 
correct monitoring is essential in the management of 
this affection. On the other hand, it is important to stand 
out that MORN alone is not a determining disease to 
conclude which RT technique is the best, other late tox-
icity effects such as xerostomia, trismus or dysphagia 
should be considered in future comparative studies. Due 
to the limitations of this review, as mentioned above, we 
recommend the implementation of more quality investi-
gations in the future.
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